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1. Generalidades

Son varios los estudios que han demostrado la relacion existente entre la
supervivencia de los rumiantes neonatos y un correcto encalostrado (Arguello et al.,
2004b; Castro et al., 2005b; Castro et al., 2009; Castro et al., 2011). De hecho, se ha
descrito que el calostro se basa en una mezcla de diversos componentes tales como
grasa, lactosa, vitaminas y minerales que presentan un alto valor nutricional (Ontsouka
et al., 2003). Ademas, y a pesar de la clara importancia nutricional que posee el calostro,
éste contiene una potente mezcla de proteinas que participan, de manera activa, en la
proteccion del neonato contra diversos patégenos y otros cambios ambientales

producidos tras el parto (Bendixen et al., 2011).

Por otro lado, la protebmica es campo de la ciencia que se encarga de estudiar
los proteomas, entendiendo estos Ultimos como grandes y complejos conjuntos de
proteinas expresadas procedentes de un tejido, érgano, organismo o fluido, entre otras.
Pese a que el estudio de la protedbmica es un campo relativamente nuevo, es uno de los
que mas rapido se han desarrollado en los ultimos afios, recibiendo un gran
reconocimiento internacional y siendo una herramienta usada de forma amplia y diversa
tanto en la investigacion animal como en la humana (Penque, 2009; Eckersall et al.,
2012). Dentro de esta area de trabajo se incluyen por ejemplo, la transformacion de
musculo a carne (Paredi et al., 2012) o su uso en la industria lactea (Roncada et al.,
2012). En cuanto a los estudios protedmicos del calostro, existen diversos autores que
han usado la protedmica para describir por ejemplo, los cambios que se producen en el
perfil proteico durante la transicién entre calostro y leche (Reinhardt and Lippolis,
2008; Stelwagen et al., 2009; Nissen et al., 2012) o los procesos proteoliticos que se
producen en el estbmago de los lechones después de la ingesta de calostro (Danielsen et
al., 2011).

2. Definicion y funciones del calostro en los rumiantes domésticos

El calostro se define como la primera secrecion formada en la glandula mamaria

de las hembras de los mamiferos unas semanas antes del parto. En cuanto a las

funciones del calostro, cabe destacar que el calostro es la primera fuente de energia para
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los rumiantes neonatos, estimula la eliminacion de los meconios y por Gltimo y mas
importante, participa de forma activa en la transferencia de inmunidad pasiva desde la
madre al neonato, protegiendo a éste frente a infecciones durante los primero dias de
vida (Kramer et al., 2001).

2.1. El calostro como fuente de energia

En cuanto a la importancia del calostro como fuente de energia, éste participa de
forma activa en el incremento de la temperatura corporal de los neonatos. Asi, Vermorel
et al. (1983) describieron que la temperatura corporal de terneros mantenidos a 10°C
aumentaba un 18 % y un 9 % en la primera y segunda hora tras la administracion del
calostro. Debido a lo anteriormente descrito y tras observar que una de las principales
causas de mortalidad durante las primeras horas de vida en los corderos era la
hipotermia, Eales et al. (1982) propusieron realizar un adecuado encalostrado como
medida preventiva para evitar el descenso de temperatura de estos animales. En este
mismo sentido, Hamadeh et al. (2000) afirmaron que la ingesta temprana de calostro es

primordial para la induccidon de la termogénesis en corderos neonatos.
2.2. Expulsion de los meconios

Si bien es cierto que esta funcion puede parecer menos importante que la
anterior, el calostro juega un papel fundamental como estimulador del peristaltismo
intestinal en los rumiantes neonatos debido a su alto contenido en sales de magnesio.
Son varios autores (Garcia de Jalon et al., 1990; Barza et al., 1993) los que describen
que, esta funcion es de vital importancia para favorecer la expulsién del meconio,

evitando asi la colonizacidn bacteriana de la mucosa intestinal.

2.3. Establecimiento del vinculo materno-filial

Los patrones de comportamiento que desarrollan los corderos neonatos durante los
primeros momentos de vida tienen como objetivo fundamental el establecimiento del
vinculo materno-filial, durante el periodo sensible de la madre, y a realizar lo antes
posible el primer amamantamiento (Val-Laillet et al., 2004). El citado vinculo se
instaura después del parto y tiene lugar en un periodo muy especifico y breve de tiempo
(Ramirez et al., 1997).
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En corderos, el consumo de calostro produce una mayor actividad y vigorosidad
sobre los mismos, viéndose favorecido el reconocimiento materno (Nowak et al., 1989).
Por el contrario, Gonzalez and Goddard (1998) encontraron que el aporte de una dosis
extra de calostro comercial no mejoraba el establecimiento del vinculo materno-filial.
Estos autores describen como la existencia de un reflejo de saciedad por replecion
estomacal podria reducir las posibilidades de que se produzcan mejoras en la citada

relacion entre la madre y el cordero.

2.4. El calostro como elemento esencial para la transferencia de inmunidad

pasiva

Por otro lado, y tal y como ya ha sido descrito anteriormente, la complejidad de
la placenta epiteliocorial (vacas y bufalos; Wildman et al., 2006; Padua et al., 2010) o
sinepitelicorial (pequefios rumiantes; Wooding et al., 1986) hace que la transferencia de
inmunoglobulinas a través de la placenta no sea posible, al contrario de lo que ocurre en
otras especies con una placenta hemocorial (humanos y ratones; Chucri et al., 2010).
Por esto mismo, los rumiantes neonatos son considerados agammaglobulinémicos
(terneros y bufalos) o hipogammaglobulinémicos (corderos y cabritos) al nacimiento
(Argiello et al., 2004b; Castro et al., 2005b; Castro et al., 2009; Moreno-Indias et al.,
2012c), siendo extremadamente importante la ingesta de calostro en estas especies, ya
que de ello depende la absorcion de proteinas esenciales para conseguir una correcta
transferencia de inmunidad pasiva, y por consiguiente disminuir los porcentajes de
mortalidad perinatal (Stelwagen et al., 2009; Castro et al., 2011; Danielsen et al., 2011).
En cuanto a la absorcion de proteinas calostrales, las inmunoglobulinas son las proteinas
que han sido estudiadas en profundidad. Sin embargo, cada vez se esta teniendo en
mayor consideracion la importancia del resto de proteinas presentes en el calostro en el
desarrollo de una correcta transferencia de inmunidad pasiva (Smith and Foster, 2007).
No obstante, y a pesar de la funciones previamente descritas, el calostro es también
importante desde el punto de vista nutricional, ya que provee al animal de una serie de
elementos nutritivos tales como grasa, proteina, lactosa, minerales o vitaminas que son
fundamentales en este periodo tan temprano de la vida (Ontsouka et al., 2003). Por otro

lado, el calostro contiene otro tipo de sustancias tales como agentes antiinflamatorios y

antimicrobianos (Stelwagen et al., 2009), factores de crecimiento que controlan el
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desarrollo gastrointestinal temprano (Purup et al., 2007), citoquinas, enzimas y otros
muchos péptidos (Koldovsky, 1980; Blum and Hammon, 2000), tal y como puede ser
observado en la figura 1. Por ultimo, es necesario remarcar que muchos de los péptidos
bioactivos presentes en el suero y en la membrana de los globulos grasos, tales como las
inmunoglobulinas, la lactoferrina o los factores de crecimiento, estan presentes en una
mayor concentracion en calostro que en leche, reflejando una vez més las importancia
del calostro en la salud y estado inmune de los rumiantes neonatos (Pakkanen and
Aalto, 1997; Scammel, 2001).
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Figura 1. Vision esquematica de algunos de los principales componentes del calostro y
de la leche que participan en la defensa del rumiante neonato.(Adaptado de Wheeler et
al., 2007). MFGM: Membrana del glébulo graso.
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La correcta absorcion de estos componentes, se lleva a cabo gracias a la accion
combinada de la baja actividad proteolitica presente en el tracto gastrointestinal de los
rumiantes neonatos (Guilloteau et al., 1983), la presencia de al- antitripsina presente en
el calostro (Jensen, 1978; Pallavicini et al., 1984; Ramos et al., 2010) y el gran
porcentaje de enterocitos en estado de apoptosis (Castro-Alonso et al., 2008). Sin
embargo, estas condiciones especiales para absorber las proteinas de forma intacta van
desapareciendo durante las primeras 48 horas de vida, por lo que es de vital importancia
alimentar a los rumiantes con calostro durante este periodo (Bush and Staley, 1980;
Moore et al., 2005) con el objetivo de que estos animales adquieran unos adecuados
niveles iniciales de inmunoglobulinas y otros componentes proteicos en el plasma
sanguineo (Quigley et al., 2000; Christley et al., 2003).

La falta de un correcto encalostrado y por lo tanto de una correcta transferencia
de inmunidad pasiva, lleva consigo que los rumiantes neonatos sean considerablemente
mas susceptibles a enfermedades infecciosas, incrementandose los porcentajes de
mortalidad a estas edades (Ahmad et al., 2000; da Nobrega et al., 2005; Nowak and
Poindron, 2006). Por todo lo anteriormente descrito, la fase de encalostrado es

considerada fundamental para mantener el bienestar de los rumiantes neonatos.

3.Componentes mayoritarios del calostro relacionados con el
sistema inmune

3.1. Inmunoglobulinas

Las inmunoglobulinas son proteinas de un alto peso molecular, pertenecientes al
grupo de las glicoproteinas. Estas pueden clasificarse de diversas formas en base a su

movilidad electroforética, su peso molecular y su estructura antigénica.

Estas proteinas son producidas por las células plasmaticas y los linfocitos B,
siendo responsables de la inmunidad humoral. Como principales funciones bioldgicas

de las inmunoglobulinas figuran la activacion de la via clésica del sistema de

complemento y la formacién de los complejos antigeno-anticuerpo.
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De los diferentes isotipos de inmunoglobulinas existentes en los mamiferos
(1gG, IgM, IgA, IgD, IgE), la IgG es la que se encuentra en mayor concentracion en el
plasma sanguineo, desempefiando el papel méas importante en cuanto a los mecanismos

de defensa mediados por anticuerpos se refiere (Tizard, 1992).

Esta inmunoglobulina presenta un
peso molecular de 180 kDa y contiene
cuatro cadenas polipeptidicas enlazadas y
unidas mediante puentes disulfuro. Debido
a este bajo peso molecular y a su estructura
simple, constituye, junto con la IgD, el
grupo de las inmunoglobulinas con menor
peso molecular, lo que facilita la salida de

estas  inmunoglobulinas  del torrente

circulatorio con el fin de alcanzar . . B .
Figura 2. Oveja en el Gltimo estadio de

rapidamente los espacios tisulares y las | |5 gestacion.

superficies corporales.

Especificamente, dentro de la IgG se pueden distinguir dos subisotipos (IgG; e
19G,), los cuales son diferenciables mediante el uso de métodos electroforéticos
(Meckenzie, 1970; Butler et al., 1971; Kehoe, 1971). Ademas la presencia de estos dos
isotipos en el calostro se encuentra regulada de forma diferente, ya que mientras que la
1gG; presenta un tipo de transporte selectivo, la 1gG; lo realiza por medio de la difusion
pasiva (Lascelles, 1979). Sin embargo, la mayoria de la IgG presente en el calostro es
1gGy, la cual proviene del torrente sanguineo. Asi, Castro et al. (2006) encontraron que
la concentracion de 1gG sanguinea, en cabras de raza Majorera, descendia un 38,70%

durante los dos Ultimos meses de gestacion.

En el caso de los rumiantes, la IgG es la que aparece con una mayor
concentracion en sangre y calostro, pudiendo llegar a representar entre el 80 y 90% del
total de las inmunoglobulinas presentes en los mismos (Klaus et al., 1969; Neubauer
and Schone, 1979; Lacetera et al., 1996).
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En ganado bovino la 1gG; supone el 50% de las inmunoglobulinas del suero
sanguineo, siendo la méas predominante en leche (Tizard, 1992). En un estudio realizado
por Ciupersescu (1977) en corderos, se estudié como la IgG, representa escasamente el
1% de las inmunoglobulinas presentes en la sangre durante las primeras etapas de la
vida. Siguiendo esta misma linea, Lascelles (1979) encontré que la concentracion de
IgG; en el calostro de vaca y oveja era de 48,24 y 94,10 mg/ml, respectivamente;
mientras que la concentracion de 1gG; en el calostro de estas mismas especies era de
3,98y 2,50 mg/ml.

Por otro lado, el segundo subtipo de inmunoglobulina méas importante en el
torrente sanguineo es la IgM, ya que tras la 1gG, es la que mas concentrada esta en el
suero sanguineo de la mayoria de los mamiferos. La IgM es la inmunoglobulina de
mayor peso molecular (900 kDa) y se encuentra constituida por la unién de 5
monomeros estabilizados mediante puentes disulfuro. Contiene ademas un pequefio
péptido rico en cisteina, llamado cadena J, la cual, al igual que los monémeros, se
encuentra unida mediante puentes disulfuro. Debido a su gran tamafo, estas
inmunoglobulinas quedan retenidas en el torrente sanguineo y no participan en la
defensa extravascular. Sin embargo, pueden difundir a través de los epitelios gracias a la
cadena J, ya que puede unirse a los receptores presentes en la superficie de las células.

En el calostro, a diferencia de la 1gG, la IgM se produce a nivel local (Lascelles, 1979) .

3.2. Chitotriosidasa

La Chitotriosidasa (ChT) es una enzima secretada por los macr6fagos en su
ultimo estadio de diferenciacion. La funcion de esta enzima es la de hidrolizar la quitina
de la pared celular de hongos y nematodos. Han sido varios los autores que han descrito
como la ChT juega un papel importante durante la respuesta inmune (Di Rosa et al.,
2005; Malaguarnera et al., 2005) y los procesos inflamatorios (Di Rosa et al., 2006;
Malaguarnera et al., 2006). Por otro lado, la actividad de esta enzima se encuentra muy
elevada en el suero plasmatico de pacientes que padecen enfermedades como la malaria,
la enfermedad de Gaucher tipo 1 o en alteraciones hematoldgicas (Barone et al., 1999;
Barone et al., 2003). En este sentido, Musumeci et al. (2005) observaron como la
actividad de la ChT en el calostro y suero sanguineo de mujeres africanas era

significativamente mayor que en las mujeres caucasicas (1230 nmol/ml/hora y 293
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nmol/ml/hora, mujeres africanas y caucasicas, respectivamente). En este estudio, no se
encontrd una correlacion entre la actividad de la ChT del calostro y el suero sanguineo
en ninguno de los dos grupos estudiados, lo cual llevé a estos autores a sugerir que la

actividad de la ChT es debida a una secrecion local por la activacién de los macréfagos.

Estudios similares fueron realizados en cabras de raza Majorera por Arguello et
al. (2008b), encontrando que en el calostro de estos animales la actividad de esta enzima
era de 3912 nmol/ml/hora en el momento del parto y de 465 nmol/ml/hora el dia 4
después del parto. En otro estudio realizado con la misma raza, Moreno-Indias et al.
(2012c) observaron valores de hasta 9431 nmol/ml/hora, justo después del parto,
llegando a 3553 nmol/ml/hora a las 10 horas tras el parto. Si se realiza una comparacion
entre especies, se observa que la actividad de la ChT descrita en el calostro de cabra es
mayor que la descrita en la especie humana debido probablemente a que las cabras

presentan un mayor contacto con parasitos y hongos.

En cuanto a la actividad de la ChT descrita en cabritos (Argtello et al., 2008b),
se han observado valores de 2664 nmol/ml/hora al nacimiento y de 9231 nmol/ml/hora a
los 49 dias de vida, concluyendo que la actividad de esta enzima en torrente sanguineo
aumenta con la edad. Esto puede ser explicado, tal y como se ha descrito anteriormente,
por la progresiva activacion de los macréfagos con la edad de los animales. En cambio,
Moreno-Indias et al. (2012b) no encontraron diferencias en la actividad de la ChT en los
primeros 35 dias de vida de los animales. Asimismo, Rodriguez et al. (2009) no
encontraron diferencias en la actividad de la citada enzima durante los 5 primeros dias
de vida de cabritos alimentados con distintas concentraciones de calostro caprino
liofilizado. Esto refuerza la idea de que la ChT no es absorbida a nivel intestinal y
puede jugar un rol importante en la defensa local en el lumen intestinal (Argtello et al.,
2008b). Sin embargo, Wold and Adlerberth (2000) sugieren que la ChT debe ser
destruida o inactivada antes de llegar al intestino, al igual que ocurre con otras proteinas

de la leche materna.

3.3. Sistema de Complemento

El Sistema de Complemento es un componente central del sistema inmune
innato, ademas de interceder en los mecanismos de respuesta mediante anticuerpos.

Tiene tres actividades fisiologicas principales: defensa frente a infecciones bacterianas,
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puente entre el sistema inmune innato y adquirido y de limpieza de los desechos de los
complejos inmunes y dafios de la inflamacién (Walport, 2001).

Por otro lado, Korhonen et al. (2000), Rainard (2003) y Rainard and Riollet
(2006) se han centrado en investigar la relacion existente entre el Sistema de
Complemento y la glandula mamaria y la leche, debido sobre todo a la importancia en

enfermedades tan comunes como la mastitis.

Junto a los anticuerpos absorbidos del calostro, el Sistema de Complemento
desempefia un papel crucial en la inmunizacion pasiva del ternero recién nacido (Butler
et al., 1971; Staak, 1992). Ademas y tal y como ha sido demostrado en varios estudios
(Reiter and Brock, 1975; Eckblad et al., 1981b; Korhonen et al., 1995), la actividad del
Sistema de Complemento presente en la leche y el calostro bovino posee una gran
actividad hemolitica y bactericida, confiriendo una mayor proteccion al rumiante

neonato frente a agentes infecciosos.

4.Efecto del manejo en los rumiantes neonatos

Tal y como ha sido descrito por Castro et al. (2011), el manejo durante las
ultimas semanas de gestacion es muy importante, ya que es en este periodo cuando el
calostro es secretado en la seccion alveolar de la ubre. Ademas, existen otros muchos
factores tales como el tamafio de la camada o el nimero de lactaciones, que pueden

afectar a la composicion final del calostro.

4.1 Nutricion durante la gestacion

Este aspecto ha sido ampliamente descrito por Mellor and Murray (1985),
quienes observaron la relacién entre la nutricion de la oveja durante la gestacion y el
desarrollo de la glandula mamaria, el volumen de calostro producido después del parto y
la composicion del mismo. Ademas, los componentes inmunes presentes en el calostro
también pueden variar en funcion del manejo de la hembra en los Gltimos meses de

gestacion. De acuerdo con Awadeh et al. (1998b), las vacas suplementadas con selenio

durante la fase final de gestacion, incrementan sus niveles de 1gG en el calostro. Por el
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contrario, Swanson et al. (2008) no observaron ninguna variacion en la concentracion de

IgG cuando suplementaron ovejas con selenio durante la tltima fase de gestacion.

4.2 Tamafio de la camada y niimero de lactaciones

El numero de crias nacidas es un factor con cierta controversia. Por un lado,
Csapo et al. (1994) encontraron que la concentracién de 1gG en el calostro fue mayor en
partos dobles que en partos simples de cabras de raza Hungarian White y ovejas de raza
Hungarian Merino. Sin embargo, Arguello et al. (2006) no observaron diferencias entre
la concentracion de 1gG de calostro en cabras de raza Majorera con diferentes tipo de

partos (simple, doble y triple).

Con respecto al nimero de lactaciones, Oyeniyi and Hunter (1978) observaron
que el nimero de lactaciones tenia una correlacion positiva en vacas, incrementandose
la concentracion calostral de IgG. Sin embargo, no se ha probado este efecto en
pequefios rumiantes, ya que mientras que Ha et al. (1986) encontraron que el nimero de
lactaciones incrementd la concentracion de 1gG presente en el calostro de cabras de raza
Korean Native, Santos (1994) y Arguello et al. (2006) no observaron ninguna diferencia
debida al numero de lactaciones, en la concentracién de IgG presente en el calostro de

cabras de raza Saanen y Majorera, respectivamente.

4.3 Primera ingesta de calostro por parte de los rumiantes recién nacidos

Una de las grandes condiciones excepcionales que poseen los rumiantes neonatos en sus
primeras horas de vida, es la capacidad de absorber grandes moléculas a través del
intestino. Sin embargo, en relacion a la absorcion de componentes del calostro, esta
habilidad va desapareciendo progresivamente hasta las 36-48 horas tras el nacimiento,
siendo imposible la absorcion de dichas moléculas transcurrido este periodo de tiempo,
lo que hace que la primera ingesta de calostro posea una gran relevancia a la hora de
realizar una correcta transferencia de inmunidad pasiva. Por otro lado, existen algunos
factores con respecto al calostro, que tienen una gran relevancia a la hora de determinar
una correcta TIP, tales como la concentracion de inmunoglobulinas o la cantidad de
calostro ingerido. Asi, Chigerwe et al. (2009) describieron como terneros de raza
Holstein alimentados con 3 litros de calostro durante las primeras 4 horas tras el parto

adquirieron una buena TIP. Sin embargo, estos autores observaron que los terneros que
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recibian calostro entre las 4 y 12 horas, no presentaban un fallo en la TIP, siempre y
cuando estos animales fueran alimentados con un calostro de alta calidad (concentracion
de 1gG en calostro de > 100ug/uL). Del mismo modo, Rajala and Castrén (1995)
correlacionaron el tiempo transcurrido entre el nacimiento de los terneros y la primera
ingesta de calostro con los niveles de inmunoglobulinas en el suero sanguineo, de forma
que, cada 30 minutos de retraso en el consumo de calostro la concentracién de
inmunoglobulinas en el suero sanguineo disminuy6 en 2 mg/ml. Del mismo modo,
Castro-Alonso et al. (2008) relacionaron la apoptosis de los enterocitos y el nivel de
transferencia de inmunidad pasiva en cabritos de raza Majorera, observando que un
mayor nivel de apoptosis, el cual desciende conforme aumentan las primeras 36-48
horas de vida, se corresponde con un mayor grado de absorcion de IgG. Sin embargo,
Orsel et al. (2000), trabajando con cabritos, no encontraron diferencias en los niveles de
gammaglobulinas en el suero sanguineo cuando el calostro era suministrado a los 30, 60

0 90 minutos de vida.

4.4. Peso al nacimiento y sexo

Respecto al peso al nacimiento, Bekele et al. (1992) no hallaron diferencias en la
concentracion de inmunoglobulinas en suero sanguineo a las 48 horas de vida, entre
corderos nacidos con un peso entre 1y 1,5 kg (36,3 mg/ml) y animales cuyo peso al
nacimiento superaba los 3 Kg (40,8 mg/ml). Por otro lado, Castro et al. (2009) usando
cabritos de raza Majorera, describieron diferencias significativas en la concentracion
plasmatica de 1gG entre los distintos pesos al nacimiento, siendo los cabritos con pesos

inferiores a 2,8 kg los que mostraron un menor valor de 1gG en sangre.

En cuanto al efecto del sexo de los animales con su capacidad de absorcién de
componentes calostrales, Ciupersescu (1977) no observé diferencias, debidas al sexo, en
la concentracion plasmatica de inmunoglobulinas de corderos tras la ingesta de calostro.

Similares observaciones fueron realizadas por Chen et al. (1999) en un estudio realizado

con cabritos.
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S.La proteémica como herramienta para analizar e identificar las
proteinas del calostro

El calostro es un complejo fluido corporal secretado por la glandula mamaria de
las hembras mamiferas tras el parto. La composicion de este fluido es regulada por
hormonas (principalmente estradiol y progesterona) durante la formacién del calostro,
también denominado colostrogenesis (Castro et al., 2011). Dicha formacion se define
como la transferencia de componentes, principalmente inmunoglobulinas, desde el
torrente sanguineo materno hacia el calostro durante un periodo finito y discreto previo
al parto (Barrington and Parish, 2001). Este proceso se detiene de forma dréstica justo
después del parto (Brandon et al., 1971). Existen multitud de factores que pueden
afectar la calostrogénesis, tales como la especie, la raza, la edad, la nutricién, el tamafio
de la camada, el periodo de secado y la salud del animal (Csapo et al., 1994; Awadeh et
al., 1998a; Maunsell et al., 1998). Ademas, los componentes del calostro son secretados
por diferentes mecanismos (Patton and Jensen, 1975), basandose principalmente en la
produccion de la glandula mamaria o la transferencia desde el torrente sanguineo de esa
proteina. Asi por ejemplo, mientras que la IgG pasa directamente desde el torrente
sanguineo a la glandula mamaria, la IgA es secretada en la glandula mamaria por la
accion de células plasmaticas que han migrado desde el torrente sanguineo a la glandula

mamaria (Wheeler et al., 2007) tal y como puede ser observado en la Figura 1.

La proteébmica es una poderosa técnica que es capaz de analizar cientos de
proteinas en complejas muestras, sin embargo debido al amplio rango de
concentraciones de las proteinas y de las diferentes localizaciones de las mismas, no
existe un protocolo general que permita una separacion completa del proteoma del
calostro. Es por esto mismo, que se hace necesario el analisis de los componentes
proteicos de forma separada. Algunas de estas técnicas estan basadas en el
prefraccionamiento de la muestra de calostro, para poder reducir asi la complejidad
antes de realizar un estudio proteémico (Gagnaire et al., 2009). En general, estos pasos
previos se basan en las diferentes propiedades de las proteinas, tales como la carga, el

tamafio o la hidrofobicidad.

Durante décadas, los estudios proteémicos se han basado en los geles de

electroforesis y aun hoy en dia son ampliamente usados, siendo la electroforesis
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bidemensional (2DE) el método cominmente usado para realizar estudios cuantitativos
(Wu et al., 2006). Sin embargo, cada vez se hace mas evidente el interés por los
métodos de separacion basados en la cromatografia liquida (Danielsen et al., 2011), los
cuales tienen varias ventajas si se comparan con los métodos de 2DE. Por otro lado, la
Espectrometria de Masas (MS) ha sido el método de eleccion para el anélisis de
complejas muestras de proteinas, siendo por ejemplo el MALDI-TOF/TOF un método
robusto, sensitivo, relativamente barato y que ha producido la mayoria de las
identificaciones de proteinas que se pueden encontrar hoy en dia en la bibliografia
(Webster and Oxley, 2012). Sin embargo, hay otras técnicas, como el iTRAQ (isobaric
tag for relative and absolute quantitation) que nos permite analizar el proteoma con una
mayor profundidad, debido a que es muchisimo mas sensible, si bien es verdad que el

coste de ésta es mucho mayor.

Son muchos los estudios que han caracterizado los componentes del calostro en
diferentes especies, principalmente vacas y humanos (Reinhardt and Lippolis, 2008;
Stelwagen et al., 2009; Agarwal et al., 2011). A pesar de esto, poco se conoce sobre el
proceso de absorcion de componentes calostrales durante las primeras horas de vida del
rumiante neonato, tales como degradacion, proteccion frente a la accion proteolitica e
internalizacion y retencién por parte del intestino. Ademas, es necesario describir como
esta fuente primaria de alimento pasa a través del tracto gastrointestinal del rumiante
neonato y como los mencionados efectos pueden afectar a los diferentes componentes

del calostro.

6. Fracciones del calostro y proteinas mayoritarias presentes en el
mismo

6.1 Fracciones del calostro

Tal y como ha sido descrito en el apartado 3, no existe un protocolo para
analizar completamente el calostro, por lo que es necesario el fraccionamiento del

mismo mediante diferentes técnicas, para luego ser analizadas por separado. Las

proteinas presentes en el calostro se encuentran dividas en tres grandes grupos, los
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cuales son: las caseinas, las proteinas del suero y las proteinas de la membrana del
glébulo de grasa (MFGM), tal y como se recoge en la figura 2.

| Calostro I

Centrifugacion Calostro Grasa
desnatado (MFGM)
|
Ultracentrifugacion Fraccién Fraccion soluble
Acidificacion insoluble (Proteinas del
(pH 4,3-4,6) (Caseinas) suero)

Tras la centrifugacién del calostro, se obtienen dos fracciones: Grasa
(MFGM) vy el calostro desnatado. Este altimo puede ser ultracentrifugado,
acidificado o la combinacion de ambos para obtener las dos ultimas
fracciones: Las caseinas y las proteinas del suero.

Figura 3. Procedimientos de separacion de las tres fracciones del calostro.

Estas tres fracciones pueden ser separadas en dos pasos. El primero de ellos se
basa en una centrifugacion del calostro con el fin de separar por un lado la capa de grasa
que va a contener las proteinas de la MFGM vy por el otro la el calostro desnatado, que

contendré las otras dos fracciones (caseinas y proteinas del suero).

En la tabla 1 se recogen algunos de los protocolos de centrifugacion observados
en la bibliografia para leche y calostro, aunque algunos de ellos sélo han sido estudiados

en leche.
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Tabla 1. Procedimientos de centrifugacion para separar las MFGM.

Centrifugacion
Especie Tiemn Referencia
. po Temp.
Velocidad(g) (min) C)
Vaca 5000 15 4 (Zhang et al., 2011)
Vaca 15000 15 10 (Fong et al., 2008)
(Reinhardt and Lippolis,
Vaca 10000 15 4 2008)
Humano* 1500 20 25 (Patton and Huston, 1986)
Humano 4000 30 4 (Lonnerdal and Forsum, 1985)
Oveja* 1500 20 25 (Martini et al., 2013)

*Adicidn necesaria de 5 gr de Sacarosa/100 ml

Después de este proceso, el calostro desnatado debe de ser dividido en las dos

ultimas fracciones. En la bibliografia encontramos multitud de métodos para separar las

caseinas del suero de calostro, sin embargo, todos ellos coinciden en el uso de la

ultracentrifugacion, la precipitacion por acidificacion del calostro o la combinacion de

ambos. Algunas de las técnicas mas usadas se encuentran en la tabla 2.

Tabla 2. Procedimientos para la separacion de las caseinas y del suero de calostro.

Centrifugacion

Especie | Velocidad | Tiempo | Temp. Acidificacion Referencia
(9) (min.) (°C)
Vaca 16500 30 4 C,H40; (IN) (Golinelli et al., 2011)
Vaca C2H40; (30% viv, (Mier et al., 2008;
pH 4,6) Zhang et al., 2011)
Vaca 15000 15 10 HCI (1M, pH 4,6) (Fong et al., 2008)
(Boehmer et al.,
*
Vaca 44000 30 4 2008)
Vaca 100000 60 4 (Leetal., 2010)
N HCI (1M, pH 4,6) + .
Humano 13000 30 4 60 mmol CaCl, (Liao et al., 2011)
- HCI (1M, pH 4,3) + | (Kunz and Lonnerdal,
Humano 189000 60 4 60 mmol CaCl, 1989)
C,H40; (IN) + (Fox, 2003; Jensen et
Vaca 1500 10 S CHsCOONa (1N) al., 2012)
Vaca 100000 60 4 (Jensen et al., 2012)
(Lonnerdal and
Humano 10000 15 20 HCI (1M, pH 4,6) Forsum, 1985)

*La centrifugacion fue repetida dos veces
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6.2. Proteinas mayoritarias presentes en el calostro

El primer grupo de proteinas que pueden ser aisladas del calostro o de la leche,
son las localizadas en la MFGM, la cual envuelve al glébulo de grasa (Lonnerdal and
Forsum, 1985). Durante los ultimos afios, la mayoria de los estudios en la MFGM han
sido realizados en vacas lecheras (Mondy and Keenan, 1993; Mather, 2000; Ye et al.,
2002; Fong et al., 2007; Bianchi et al., 2009), sin embargo, existe un rapido crecimiento
del interés por la MFGM de otras especies lecheras. Debido a este motivo, algunos de
los estudios mas recientes sobre la MFGM han sido realizados en otras especies, tales
como cabras (Cebo et al., 2010), ovejas (Addis et al., 2011; Pisanu et al., 2011) o
bufalas (D'Ambrosio et al., 2008).
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Figura 4. Principales componentes de la MFGM.

Tal y como ha sido descrito por Mather (2000) son 7 las principales proteinas
mayoritarias presentes en la MFGM, siendo 2 de ellas las que mas relacion poseen con
la inmunidad. Estas proteinas son la mucin-1 (MUC-1) y la xanthine
dehydrogenase/oxidase (XDH/XO).
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MUC-1 es una proteina glicosilada presente en la superficie apical de las células
epiteliales de muchos oOrganos, tales como pulmones, estbmago o intestino
(Hollingsworth and Swanson, 2004). Esta proteina ha sido aislada en vacas (Patton et
al., 1995), donde ésta se encuentra en una baja concentracion (40 mg/l) si es comparada
con la encontrada en la MFGM de humanos (729-805 mg/l) (Peterson et al., 1998) . Esta
proteina también fue aislada en cabras (Campana et al., 1992) y pese a que no existe
informacion en la bibliografia sobre su concentracion en calostro, se ha descrito que la
MUC-1 caprina presenta una reaccion cruzada con la bovina, pero no con la humana.
Esta proteina puede jugar un papel importante en la proteccion de superficies expuestas
frente a dafios fisicos o a infecciones microbianas (Schroten et al., 1992; Patton et al.,
1995; Peterson et al., 1998). Ademas, la MUC-1 podria participar en la reaccion inmune
de los neonatos, debido a la capacidad de esta proteina de unirse y secuestrar a los
microorganismos patdgenos en el tracto gastrointestinal (Schroten et al., 1992; Peterson
etal., 1998).

Con respecto a la XDH/XO, ésta es principalmente sintetizada en la glandula
mamaria (Bruder et al., 1983; Parks and Granger, 1986) y alcanza su méaxima
concentracion durante el altimo periodo de la gestacion e inmediatamente después del
parto (Kurosaki et al., 1996). Esta proteina ha sido aislada de la MFGM de vacas, cabras
y ovejas, aunque aun no han sido establecidas las concentraciones de esta proteina en
dichas especies. Sin embargo, basandose en muestras de leche, se ha descrito que la
XDH/XO ovina y bovina tienen una concentracién similar (Mondy and Keenan, 1993;
Ye et al., 2002; Pisanu et al., 2011). La funcion de esta proteina no esta definida
claramente, pero se ha sugerido que podria desempefiar un papel estructural y funcional
en la formacién de la MFGM (Ishii et al., 1995), ademas de ser uno de los componentes
antibacterianos del calostro y de la leche, proporcionando una fuente de H,O; para la
lactoperoxidasa (Bjorck and Claesson, 1979). Por ultimo, esta proteina podria actuar
como inmunomodulador, produciendo una exacerbacion de la respuesta inflamatoria o

induciendo la expresion de genes que codifican para diferentes componentes tales como

proteinas de adhesion, receptores celulares y otros componentes de la respuesta inmune
(Mather, 2000).
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El segundo grupo de proteinas que puede ser obtenido del calostro, son las
denominadas proteinas del suero. Estableciendo el suero de calostro bovino como
referencia, ha sido estudiado que este contiene méas de 200 tipos de proteinas, de las
cuales la B -lactoglobulina, o -lactalbumina, albumina sérica bovina (BSA),
inmunoglobulinas y la lactoferrina se encuentran en una mayor concentracion
(Sgarbieri, 2004; Korhonen and Pihlanto, 2007; Kawecka and Radko, 2011; Roncada et
al., 2012). De este grupo de proteinas, las inmunoglobulinas juegan el papel mas
importante en cuanto a la funcion inmune se refiere, sin embargo existen otras proteinas
como la o —lactaloumina y la lactoferrina que poseen otras funciones inmunes

importantes (Korhonen and Pihlanto, 2007; Tang et al., 2011).

En cuanto a la a —lactaloumina, ésta ha sido asociada a la regulaciéon de la
produccion de lactosa (Kleinberg et al., 1983), sin embargo ha sido descrito que esta
proteina también juega un papel importante como inmunomodulador en el calostro y la
leche humana y de vaca (Montagne et al., 2000; Korhonen and Pihlanto, 2007; Marnila
and Korhonen, 2011). Ademas son varios los estudios que describen la presencia de esta
proteina en calostro (Kawecka and Radko, 2011; Nissen et al., 2012).

.Ha sido observado que la concentracion de esta proteina en calostro no difiere
significativamente entre cabras, vacas y ovejas (2,77 mg/ml, 2 mg/ml y 2,3 mg/ml,
respectivamente) (Perez et al., 1990; Levieux et al., 2002), mostrando que la
concentracion de esta proteina en calostro es 1,5 veces mayor que la encontrada en

leche.

La lactoferrina, es otra de las proteinas mayoritarias del suero de calostro, siendo
muy importante la accion de ésta durante las infecciones. Asi, Konuspayeva et al.
(2008) estudiaron las diferencias de concentracion en calostro de varias especies tales
como camella (5,1 mg/ml), vaca (0,84 mg/ml), cabra (3,09 mg/ml), oveja (1,56 mg/ml)
o0 bdfala (2,1 mg/ml). Resultados similares fueron observados por Nissen et al. (2012)
en calostro de vaca usando 2DE-LC-MS/MS y ELISA. En cuanto a su funcion bioldgica
primaria, la lactoferrina es una proteina transportadora de los iones hierro. Asimismo, la
lactoferrina tiene una amplia variedad de funciones biolédgicas, muchas de las cuales no
parecen estar relacionadas con su capacidad de transportar iones de hierro (Brock,

2002), asi, la lactoferrina participa, por ejemplo, como un factor indiscutible en la
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inmunidad innata, siendo sintetizada por el epitelio de la glandula mamaria (Sanchez et
al., 1992; Adlerova et al., 2008), proveyendo actividad antimicrobiana (bactericida y
fungicida) a la glandula mamaria y también al recién nacido (Bellamy et al., 1992). Por
altimo, debido a que la concentracion de esta proteina incrementa durante las reacciones
inflamatorias e infecciones virales, ésta ha sido clasificada como una proteina

inflamatoria de fase agua (Kanyshkova et al., 2001).

Con respecto a la ultima de las fracciones que podemos obtener del calostro, las
caseinas pueden ser clasificadas en 4 subtipos (asl, as2, f and «), siendo ademas
responsables de algunas funciones bioldgicas importantes, tales como el transporte de
iones (Ca, POy, Fe, Zn, Cu), el de actuar como inmunomoduladores y por ultimo el ser
precursores de péptidos bioactivos (Korhonen and Pihlanto, 2007). En cuanto a esta
ultima caracteristica de las caseinas, ha sido descrito que los fragmentos proteoliticos de
las caseinas poseen funciones antimicrobianas (Lahov and Regelson, 1996), sugiriendo
que las proteasas presentes en el calostro podrian participar en la propia inmunidad del
individuo. Estos péptidos bioactivos estan despertando el interés de los investigadores,
ya que podrian ser usados como posibles fuentes naturales de alimento que reporten un
beneficio directo a la salud de los seres humanos (Gauthier et al., 2006), debido
probablemente a que estimulan el sistema inmune innato en la glandula mamaria y
pueden prevenir las infecciones de esta durante el periodo de secado (Silanikove et al.,
2005).

7.@Proteinas minoritarias en calostro

Pese a la gran importancia de las proteinas mayoritarias del calostro
anteriormente descritas, existe un creciente interés en aumentar el conocimiento general
de las proteinas minoritarias presentes en el mismo, asi como su relacion con los
procesos relacionados con la salud de humanos y animales (Yamada et al., 2002;
Reinhardt and Lippolis, 2008; Golinelli et al., 2011). Poniendo como ejemplo el
proteoma del calostro humano, un total de 151 proteinas han sido identificadas, siendo

83 de ellas nunca descritas en leche o calostro humano (Palmer et al., 2006).

Probablemente muchas de estas proteinas pueden estar relacionadas con importantes
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funciones en el recién nacido, tales como la regulacion del crecimiento, el transporte de
nutrientes o lo que es mas importante, la TIP. En los rumiantes, la identificacion y el
conocimiento de la funcion de las proteinas presentes en el suero de calostro y la
MFGM estan aun incompletos y por lo tanto muchas de las funciones de estas proteinas
no ha sido aun descritas (Fong et al., 2008; Reinhardt and Lippolis, 2008; Rusu et al.,
2009).

Las técnicas bioquimicas, principalmente los métodos basados en los geles 2DE,
han sido las méas usadas para la identificacion de las proteinas minoritarias del calostro
(Yamada et al., 2002; O'Donnell et al., 2004). Sin embargo, actualmente estas técnicas
estan empezando a ser reemplazadas por otras técnicas como el iTRAQ o el Label-free,
ya que confieren varias ventajas en comparacion con las técnicas basadas en los geles
2DE, siendo capaces de identificar un mayor nimero de proteinas, usando una menor
cantidad de muestra y obteniendo unos resultados mas reproducibles. Sin embargo,
debido al elevado coste del equipamiento, de los instrumentos y los reactivos, estas

técnicas no se encuentran disponibles en la mayoria de los laboratorios.

7.1. Técnicas cominmente usadas para identificar proteinas minoritarias

Los procedimientos tales como inmunoabsorcion (Murakami et al., 1998;
Yamada et al., 2002; Palmer et al., 2006), isoelectro enfoque (IEF) (Zuo and Speicher,
2002), affinity tagging (Holland et al., 2006), y semi-coupled anion- and cation-
exchange chromatography (Fong et al., 2008) han sido usados como herramientas para
eliminar las proteinas mayoritarias e incrementar la abundancia relativa de éstas en
analisis protedmicos de muestras complejas como el calostro. A pesar de las técnicas
descritas en la tabla 2 para eliminar las caseinas de las muestras de suero de calostro, es
necesario ademas depleccionar las proteinas mayoritarias  (principalmente
inmunoglobulinas), ya que estas enmascaran a las proteinas minoritarias en los analisis

protedmicos (Yamada et al., 2002).

Este efecto adverso de las inmunoglobulinas en los estudios proteémicos de
proteinas minoritarias se produce porque éstas estan localizadas en la misma region del
gel 2DE que muchas de las proteinas minoritarias, tales como la transferrina, plasmina,

lipoproteina lipasa y fosfatasa alcalina, entre otras, que quedan enmascaradas por esta
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proteina mayoritaria (Fong et al., 2008). Por este motivo es necesario eliminar las
proteinas mayoritarias del calostro y asi poder analizar los cambios en el perfil
protedmico de las proteinas minoritarias. Actualmente existen varios kits capaces de
eliminar o reducir la presencia de proteinas mayoritarias en el calostro. Asi, Golinelli et
al. (2011) usaron y compararon la eficacia del kit Albumin and IgG removal (GE
Healthcare Life Sciences, UK) y del kit Vivaspin 500 ultrafiltration cartridge (GE
Healthcare Life Sciences, UK) con una membrana de 100 kDa de peso molecular en la
deplecion de las proteinas mayoritarias del calostro. Estos autores observaron como el
kit Albumin and IgG removal fue ineficaz a la hora de eliminar la 19G del suero de
calostro bovino, probablemente porque estos kits estdn compuestos por una agarosa que
contiene anticuerpos frente a la IgG de humano, lo que hace que debido a la falta de
reaccion cruzada entre la IgG humana y bovina, estas Gltimas no hayan sido captadas
por los anticuerpos frente a las 1gG de humano. Sin embargo, estos autores también
describen que el tratamiento del suero de calostro con el kit Vivaspin 500 eliminé la
mayoria de la 1gG e IgA, mejorando la deteccion de proteinas minoritarias en las

muestras.

Otro kit usado comunmente para la deplecién de las proteinas mayoritarias es el
ProteoMiner (Bio-Rad, USA), el cual se basa en una exclusiva libreria de hexapéptidos
con la propiedad de unirse con la misma capacidad a proteinas de diferente abundancia
(Bandhakavi et al., 2011). Por lo tanto, cuando una muestra que contiene una mezcla
compleja de proteinas es expuesta a estos hexapéptidos, cada uno de éstos se unen a las
proteinas mayoritarias y por lo tanto se saturan rapidamente, permaneciendo la gran
mayoria de las proteinas mayoritarias en suspension y sin unir a estos hexapéptidos. En
el caso de las proteinas minoritarias, estas no llegan a saturar a sus hexapéptidos y por
lo tanto todas las proteinas minoritarias son captadas por estos ligandos. Como resultado
del tratamiento con este kit, tendremos que pese a que las proteinas mayoritarias siguen
estando presentes, estas se encuentran en una proporcion mucho mas reducida,
permitiendo asi un incremento relativo del porcentaje de las proteinas minoritarias
(Boschetti and Righetti, 2008; D’ Amato et al., 2009). Cabe destacar, que pese a que este

kit fue creado especificamente para muestras de plasma y suero, ha sido también

comprobada su eficacia en otro tipo de muestras tales como orina (Castagna et al.,
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2005), bilis (Guerrier et al., 2007), plaquetas, globulos rojos y clara de huevo (Guerrier
et al., 2008).

Con respecto a las muestras de leche y calostro, Liao et al. (2011) usaron el kit
Proteominer para depleciones en leche y calostro de humano, mostrando que la
presencia de muchas proteinas minoritarias incrementd y que a su vez la presencia de
proteinas mayoritarias decrecié considerablemente. Sin embargo, estos autores
describieron que este kit tiene un efecto muy limitado a la hora de eliminar las caseinas
restantes en el suero de calostro y leche. De la misma forma, este kit fue usado para
estudiar el proteoma de la leche de vaca, obteniendo un incremento considerable de las
proteinas minoritarias (D’ Amato et al., 2009). Es necesario remarcar que pese a que este
kit es capaz de producir un incremento en la presencia de proteinas minoritarias, las
proteinas mayoritarias presentes en el calostro y leche tales como la lactoferrina o la a-

lactalbimina, ademas de las caseinas, son alin detectadas tras el tratamiento con este Kkit.

Figura 5: Presentacion comercial del kit Proteominer (Bio-Rad, USA) y del kit
Albumin and IgG removal (GE Healthcare Life Sciences, UK).

Sin embargo, a pesar de que se ha demostrado la efectividad de este kit en la
deplecion de proteinas mayoritarias, es necesario resaltar el efecto que produce este kit
en estudios proteémicos cuantitativos usando iTRAQ, en los cuales se mide la
abundancia relativa de cada proteina (Bandhakavi et al., 2011). Tal y como describieron
Mouton-Barbosa et al. (2010) después del tratamiento de las muestras con este kit, las
proteinas mayoritarias no mantiene su verdadera cantidad relativa después del

tratamiento, ya que saturan los ligandos de la libreria de hexapéptidos, sin embargo las
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proteinas minoritarias, al no saturar los ligandos, mantienen su concentracion original

en la muestra.

Por lo tanto, y tomando la informacion descrita anteriormente, el kit de
deplecién Proteominer es una excelente herramienta a la hora de descubrir las partes
mas profundas del proteoma de multitud de muestras compuestas por una gran mezcla
de proteinas de diferente concentracion. Sin embargo, algunas consideraciones deben de

tenerse cuando este kit es usado en estudios protedmicos cuantitativos.

7.2.Funcion de algunas proteinas minoritarias y su relacion con el sistema

inmune

Es muy importante entender como las proteinas minoritarias del calostro pueden
mejorar o modificar la respuesta inmune ya sea a nivel de la madre o a nivel del recién
nacido, por lo que el estudio de estas proteinas por separado es de extrema importancia.

Una de estas proteinas minoritarias del calostro es la plasmina. Esta proteina es
una enzima fibrinolitica que juega un papel muy importante en la disolucion de los
coagulos de fibrina, previniendo asi procesos de trombosis (Ogiwara et al., 2010). A
pesar de su funcién en el torrente sanguineo, esta proteina ha sido identificada en
calostro y leche (Dupont et al., 1998; Le et al., 2010). Tal y como fue descrito por
Dupont et al. (1998), el calostro de vaca posee una concentracion en plasmina 10 veces
superior (0,49 pg/ml) a la que se encuentra en leche (0,04 pg/ml). Ademas Rebucci et
al. (2005) encontraron que tanto la plasmina descrita en la leche de vaca, oveja y cabra
es ideéntica a la encontrada en sangre. Asimismo, otros autores han observado que la
plasmina tiene una funcion inmune, ya que contribuye a la migracion de los neutréfilos
hasta el punto de infeccidon (Renckens et al., 2006). Siguiendo esta linea, Theodorou et
al. (2010) observaron como la concentracién de plasmina se incrementaba en sangre y

leche tras una mastitis aguda en ovejas lactantes.

Otra de las proteinas minoritarias presentes en el calostro es la serum amyloid A
(SAA). Esta proteina se encuentra principalmente en complejos con lipoproteinas,

existiendo varias isoformas que varian en concentracion en funcién de la especie (Uhlar

and Whitehead, 1999). La SAA es una de las proteinas mas conservadas dentro de los
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mamiferos, confirmando la premisa de que esta proteina tiene una funcion basica y
esencial en el sistema inmune, formando parte de la fase aguda de la inflamacion
(Eckersall et al., 2006; Pyorala et al., 2011). Esta proteina ha sido también identificada
en el calostro de varias especies tales como humana (Kumon et al., 2011) yegua, vaca y
oveja (McDonald et al., 2001; Le et al., 2010). Asi mismo, se ha descrito que la
concentracion de SAA circulante en plasma sanguineo se incrementa 1000 veces entre
las 24 y 48 horas tras la infeccion o inflamacién, partiendo de niveles basales de 5-8
mg/ml (Faty et al., 2012), mostrando asi la importancia de esta proteina en los procesos
inflamatorios. Ademas, una variante de esta proteina de fase agua, la SAA-3, ha sido
descrita su expresion en células de la glandula mamaria en respuesta a patdgenos,
estando presente en la leche durante las mastitis (McDonald et al., 2001) y en el calostro
(McDonald et al., 2001; Larson et al., 2005), sugiriendo el importante papel de esta
proteina en la reaccion inmune. Asi, McDonald et al. (2001) encontraron que la
concentracion de la SAA-3 es mucho mayor en calostro que en leche (267,45 pg/ml y
2,63 pg/ml, respectivamente). Estos autores ademas describieron que la concentracion
de esta proteina en calostro de ovejas es menor que la encontrada en vacas (62,83 pg/mi

y 267,45 pg/ml, respectivamente).

De manera general, la proteina SAA desempefia un gran nimero de acciones
proinflamatorias, tales como quimiotactico de los neutrofilos, monocitos y linfocitos T,
causando la infiltracién de los leucocitos y promoviendo la adhesion de los neutréfilos a
la células endoteliales (Badolato et al., 1994; Xu et al., 1995; Su et al., 1999),
estimulando a la liberacion de citoquinas (Furlaneto and Campa, 2000; He et al., 2003)
y metaloproteinasas (Lee et al., 2005b) por parte de los neutrofilos y los monocitos. De
acuerdo a lo descrito por He et al. (2009), estas caracteristicas de la SAA sugieren que
tiene una funcion clave no solo en el establecimiento, sino también en el mantenimiento

de la inflamacién.

Otra interesante proteina minoritaria presente en el calostro es el fibrindgeno,
precursor de la fibrina, el componente mayoritario de los trombos sanguineos. Sin
embargo esta proteina tiene también una funcion defensiva, ya que ha sido demostrado
que la concentracion de fibrindgeno se incrementa durante los procesos de inflamacién
aguda (Tamzali et al., 2001; Ganheim et al., 2003). Ademas, Yamada et al. (2002)
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estudiaron diferencias en proteinas minoritarias entre calostro y leche de vaca,
destacando que habia proteinas que se encontraban exclusivamente en el calostro, tales
como el fibrindgeno.

De forma similar, varios autores describieron que el fibrindgeno tiene la
capacidad para unirse a las integrinas, las cuales son normalmente expresadas por las
células del sistema inmune, tales como CD11b/CD18 (Ugarova and Yakubenko, 2001;
Ryu et al., 2009). EIl receptor formado por integrinas en las células CD11b/CD18
(aMB2, Mac-1, complemento receptor 3) es un miembro de la familia de las integrinas
B2, las cuales son expresadas por monocitos y macrofagos. Cuando el fibrindgeno se
une a las integrinas de las células CD11b/CD18, se produce un proceso de sefializacion
que produce la adhesion, migracion, quimiotaxis y fagocitosis de las células B activadas
(Akassoglou and Strickland, 2002). Por lo tanto, debido a las funciones descritas
previamente, el fibrinbgeno presente en el calostro podria ser considerado beneficioso

para el sistema inmune de los recién nacidos.

El inhibidor de la tripsina (TI), también conocido como al-antitripsina, es una
proteina que reduce la tripsina bioldgicamente activa (Rawlings et al., 2004),
disminuyendo los procesos de protedlisis. Esta proteina ha sido descrita en calostro de
vaca usando diferentes técnicas protedmicas, tales como los geles de 2DE (Yamada et
al., 2002) o LC-MS/MS (Nissen et al., 2012). Es de destacar que ha sido descrito que el
calostro contiene 100 veces mayor concentracién de esta proteina que la leche
(Sandholm and Honkanenbuzalski, 1979; Honkanenbuzalski and Sandholm, 1981),
probablemente para proteger a las proteinas calostrales de los procesos proteoliticos,
permitiendo la absorcion de los componentes inmunes del calostro de forma intacta por

los rumiantes neonatos.

La lipopolysaccharide-binding protein (LBP) es una de las proteinas producidas
durante las infecciones por las bacterias Gram negativas (Schumann et al., 1990).
Ademas, la LPB parece participar también de forma activa durante las infecciones por
bacterias Gram positivas (Weber et al., 2003). Esta proteina ha sido detectada en
calostro de vaca usando 2D-LC-MS/MS (Nissen et al., 2012), cuantificandose a

posteriori con ELISA (0,85 mg/ml, aproximadamente) por los mismos autores. No se ha

encontrado ninguna referencia sobre la presencia de esta proteina en calostro de oveja o
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de cabra. La principal funcién de esta proteina es unirse a los lipopolisacaridos de la
pared celular, actuando como transportador y controlador de la respuesta de los

monocitos (Stelwagen et al., 2009).

Uno de los componentes mas interesantes del calostro, son los péptidos
antimicrobianos (AMPSs) que se caracterizan por su capacidad para inactivar agentes
infecciosos (Zasloff, 2002). Muchos de los AMPs actuan desestabilizando la integridad
de la membranas microbianas (Zasloff, 2002). Los dos grupos mayoritarios de AMPs
son las defensinas (Roncada et al., 2012) y otro grupo de moléculas catidnicas
denominadas catelicidinas (Lehrer and Ganz, 2002; Zaiou and Gallo, 2002).

Las defensinas son un grupo de pequefios péptidos antimicrobianos que
interactan con la respuesta inmune adaptativa (Yang et al., 2002a). Estos péptidos son
producidos en respuesta a la presencia de productos de origen microbiano o de
citoquinas proinflamatorias (Ganz and Lehrer, 1998; Lehrer and Ganz, 1999; Schroder,
1999). Concretamente se ha descrito que los miembros de la familia de las defensinas 3
han sido expresados por las células epiteliales de la glandula mamaria durante procesos
de mastitis (Goldammer et al., 2004; Swanson et al., 2004). Aunque el mecanismo de
estos peéptidos no ha sido totalmente descrito, podrian estar envueltos en la
desestabilizacion de la integridad de las membranas microbianas. Cabe destacar que este
grupo de péptidos se presenta en una mayor concentracion en calostro que en leche
(Armogida et al., 2004).

La familia de las catelicidinas es un grupo de péptidos que desempefian un papel
fundamental en la respuesta inmune innata de los mamiferos contra infecciones
bacterianas (Nizet et al., 2001). Pese a que su mecanismo de accién no esta claro, parece
que estd mediado por el reconocimiento de ciertos patrones en la membrana celular de
la bacteria. Este grupo de péptidos produce una disrupcion de la membrana bacteriana
basada en una interaccion electrostatica entre la parte cationica del péptido y los
componentes anionicos de la membrana (Gennaro and Zanetti, 2000). La presencia de
los componentes de esta familia de péptidos ha sido descrita en vacas (Stelwagen et al.,

2009), ovejas (Mahoney et al., 1995; Shamova et al., 1999) y cabras (Shamova et al.,
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1999), siendo ademés descrita la presencia de estas en calostro y leche (Park, 2009;
Stelwagen et al., 2009).
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Objetivos

Capitulo 1

Revisar el importante papel que juega el calostro en la transferencia de inmunidad
pasiva, especialmente las proteinas mayoritarias presentes en el mismo. Ademas,
también se detallara como las proteinas minoritarias presentes en éste pueden intervenir
en procesos inmunes, dado que estos procesos tiene una gran relevancia no solo en la
supervivencia del recién nacido, sino en el incremento de la proteccién frente a agentes

infecciosos.

Capitulo 2

Determinar la evolucion del peso vivo, asi como la concentracion de IgG e IgM vy la
actividad del Sistema de Complemento y la Chitotriosidasa durante los primeros 5 dias
de vida de los corderos criados debidos al sistema de lactancia (natural vs. artificial), la
fuente de calostro (cabra vs. oveja) y el tiempo transcurrido hasta la primera toma de

calostro (2 vs. 14 h después del nacimiento).

Capitulo 3

Analizar el efecto de la dieta de los corderos (leche de oveja, lactorremplazante y leche
en polvo entera para consumo humano) sobre la evolucion del peso vivo, la

concentracion de IgG e IgM y la actividad del Sistema de Complemento y la

Chitotriosidasa durante la lactancia y el destete.




Objetivos

Capitulo 4

Investigar el peso vivo y el estado inmune de corderos criados con un sistema de
lactancia natural y corderos criados en un sistema de lactancia artificial y encalostrados
con dos cantidades de 1gG diferentes (4 g de 1gG/ kg de peso vivo y 8 g de 1gG/ kg de

Peso Vivo).

Capitulo 5

Analizar las proteinas minoritarias presentes en el plasma sanguineo de corderos debido
a la ingesta de calostro durante las primeras 14 horas de vida, contribuyendo asi a
incrementar el conocimiento de la importancia del calostro en la transferencia de

inmunidad pasiva y el desarrollo del sistema inmune de los corderos.

Capitulo 6

Describir el proteoma del calostro ovino y el plasma de cordero, asi como hacer una

cuantificacion relativa de como la ingesta de calostro puede modificar el proteoma del

plasma de los corderos recién nacidos.
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Chapter 1

To describe the important role of colostrum in the passive immune transfer (PIT),
particularly the high abundant proteins (HAP) present in colostrum from different
ruminant species. Moreover, it is also described in detail the low abundant proteins
(LAP) that could be involved in immunological processes. These processes have a high
relevance to animal survival as they increase the protection against infections in

newborn ruminants.

Chapter 2

To determine the BW evolution and the immune parameters, such as 1gG and IgM
concentration and ChT and Complement System activity during the first 5 d after birth
in relation to rearing system (natural vs. artificial), colostrum source (goat vs. sheep) and

time of the first colostrum intake (2 vs. 14 h after birth).

Chapter 3

To analyze the effect of diet (sheep milk-NR, milk replacer-MR and whole powdered

cow milk-CM) on the BW evolution, the IgG and IgM blood concentration and the ChT

and Complement System activity during milk feeding period and weaning.




Objectives

Chapter 4

To investigate the BW and immune status of lambs reared under natural conditions and
lambs reared under artificial conditions fed with two different colostrum amounts (4 g

1gG/ kg of BW and 8 g 19gG/ kg of BW).

Chapter 5

To analyze blood plasma low abundance proteins changes in newborn lambs due to the
colostrum intake during the first 14 hours after birth, in order to identify such protein
changes. Results showed in this study can contribute to understand the importance of

colostrum on the passive immune transfer and the lamb immune system development.

Chapter 6

To describe the sheep colostrum and lamb plasma proteome, using an SDS-LC-MS/MS
approach, and to provide relative quantification of whether and how neonate plasma

protein concentrations change as an effect of early colostrum intake, using an iTRAQ-

based proteomics approach.
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Chapter 1

The colostrum proteome, ruminant nutrition and immunity: a review
Hernandez-Castellano, L.E.}, Almeida, A.M.?3, Castro, N." and Argiello, A.*

! Department of Animal Science, Universidad de Las Palmas de Gran Canaria, Arucas, Gran Canaria,

Spain.
ZInstituto de Tecnologia Quimica e Biologica, Universidade Nova de Lisboa, Oeiras, Portugal.
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Short summary

In this review authors address colostrum proteins implications in different domestic ruminant species. The
colostrogenesis process and how different factors, such as litter size or nutrition during gestation can alter
the different components concentration in colostrum are also reviewed. The different colostrum fractions
will be described, focusing on high and low abundant proteins. This review describes the major function
of such proteins and their role on the passive immune transfer and nutrition in the newborn animal. It will
be also performed a comprehensive review on different techniques and commercial kits available for high
abundant protein depletion in colostrum. We will finally focus on how proteomics has been used to
address this issue and how it can contribute to the major questions about colostrum associated

immunology.
Keywords: Colostrum, Depletion, Immune System, Low Abundant Proteins, Proteomics.

1. INTRODUCTION
The relation between colostrum and newborn ruminant survival has been deeply characterized (Arguello
et al., 2004b; Castro et al., 2005b; Castro et al., 2009; Castro et al., 2011). In fact, it has been described

that colostrum is a mixture of diverse components, such as fat, lactose, vitamins and minerals that have a

high nutritional importance (Ontsouka et al., 2003). However, in spite of the nutritional function,
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colostrum contains a complex mixture of proteins that actively participate in the protection of the neonate
against pathogens and other post-partum environmental challenges (Bendixen et al., 2011).

Proteomics is the field of science that, on a large scale, studies the proteome, i.e. the set of proteins being
expressed in a given tissue, organ, organism or fluid. Proteomics is a relatively novel field and one of the
fastest-growing areas in biological research, receiving international recognition and, additionally, it’s
applications in animal science are wide and diverse (Penque, 2009; Eckersall et al., 2012), including for
instance, the transformation of muscle to meat (Paredi et al., 2012), or dairy production (Roncada et al.,
2012). Concerning colostrum, proteomics has been used for instance to characterize protein changes in
the transition from colostrum to milk in cattle (Reinhardt and Lippolis, 2008; Stelwagen et al., 2009;
Nissen et al., 2012) and also to determine proteolytic processes in stomach and gut of piglets upon

colostrum intake (Danielsen et al., 2011).

This review describes the important role of colostrum in the passive immune transfer (PIT), particularly
the high abundant proteins (HAP) present in colostrum from different ruminant species. Moreover, it is
also described in detail the low abundant proteins (LAP) that could be involved in immunological
processes. These processes have a high relevance to animal survival as they increase the protection

against infections in newborn ruminants.

2. DEFINITION, TIME OF SECRETION AND IMPORTANCE OF COLOSTRUM IN DOMESTIC
RUMINANT SPECIES
Colostrum is the first source of nutrition in neonate ruminants, having a fundamental biological function
in these animals, promoting immunoglobulin transfer from the dam to the newborn and providing
protection against infections in the newborn (Kramer et al., 2001). As long described, the complexity of
the epitheliochorial (cows and water buffaloes; (Wildman et al., 2006; Padua et al., 2010)) or
synepitheliochorial (small ruminants; (Wooding et al., 1986)) placentas do not allow an adequate transfer
of immunoglobulins (Ig’s) from the dam to the foetus, as in other species such as humans or mice
(hemochorial placenta; Chucri et al., 2010). For this reason, newborn ruminants are considered
agammaglobulinemic (calves) or hypo-gammaglobulinemic (lambs and kids) at birth (Arguello et al.,

2004b; Castro et al., 2005b; Castro et al., 2009; Moreno-Indias et al., 2012c). As a consequence,
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colostrum intake and the absorption of colostrum proteins play an essential role in PIT and ultimately on
newborn survival rates (Stelwagen et al., 2009; Castro et al., 2011; Danielsen et al., 2011). Such protein
absorption is mainly based on immunoglobulins (1gG, IgM and IgA, mainly), however it has been also
described the importance of non-immunoglobulin proteins absorption from colostrum to the newborn
ruminants blood in order to ensure a correct PIT (Smith and Foster, 2007). In spite of this primary role,
colostrum is also important to the newborn animal as the first source of nutrition, supplying essential
nutrients such as fat, proteins, lactose and minerals at this early stage of life (Ontsouka et al., 2003).
Finally, colostrum also contains other substances such as antimicrobial and anti-inflammatory agents
(Stelwagen et al., 2009), as well as growth factors that control early gastrointestinal development (Purup
et al., 2007), cytokines, enzymes and numerous other peptides (Koldovsky, 1980; Blum and Hammon,
2000) as shown in figure 1. Many of the bioactive whey and milk fat globule membrane (MFGM)
proteins, notably immunoglobulins, lactoferrin and growth factors, are present in colostrum in higher
concentration than in milk, reflecting the importance of colostrum in the health of newborn ruminants

(Pakkanen and Aalto, 1997; Scammel, 2001).

Figure 1. Schematic representation of the major known proteins involved in the host defence system in
milk and colostrum. (Adapted from Wheeler et al. (Wheeler et al., 2007)). MFGM: Milk Fat Globule
Membrane.
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The absorption of these colostrum components is favoured by a low proteolytic activity in the
gastrointestinal tract of newborn animals (Guilloteau et al., 1983) and also by trypsin inhibitors present in
colostrum (Jensen, 1978; Pallavicini et al., 1984; Ramos et al., 2010). However, these special conditions
for intact colostrum proteins absorption decrease along the first 48 hours after birth, so it is crucial to feed
newborn ruminants with colostrum during this period (Bush and Staley, 1980; Moore et al., 2005), in
order for them to acquire an adequate initial concentration of serum Ig’s (Quigley et al., 2000; Christley et
al., 2003). In addition, it has been described that newborn ruminants that are not fed with colostrum
during the first hours of life are more susceptible to diseases, considerably increasing mortality rates
(Ahmad et al., 2000; da Nobrega et al., 2005; Nowak and Poindron, 2006). For all these reasons,

colostrum intake is very important to ensure the survival of newborn ruminants.

3. PROTEOMICS AS A TOOL TO ANALYZE AND IDENTIFY PROTEINS FROM COLOSTRUM

Colostrum is a complex body fluid produced by the mammary gland of pregnant mammals. Colostrum
composition is regulated by hormones (estradiol and progresterone) during colostrogenesis (Castro et al.,
2011) that may be defined as the prepartum transfer of components, mainly immunoglobulins, from
maternal bloodstream into mammary secretions during a short period (Barrington and Parish, 2001). This
process ceases abruptly immediately before parturition (Brandon et al., 1971). There are several factors
that affect colostrogenesis, such as species, breed, age, nutrition, litter size, length of dry period and
health status (Csapo et al., 1994; Awadeh et al., 1998a; Maunsell et al., 1998). Moreover, colostrum
components are secreted by different mechanisms (Patton and Jensen, 1975), so there are proteins directly
produced in the mammary gland or transferred from the bloodstream (or both). For example, while I1gG is
transported to the mammary gland from the blood stream, part of the IgA is synthesized within the
mammary gland by plasma cells which had migrated into the gland (Wheeler et al., 2007), as shown in

figure 1.

Proteomics is a powerful tool that can simultaneously analyse several hundred proteins in complex
mixtures; however, because of the wide range of protein concentrations and subcellular locations, there is
no general protocol for the separation of the complete colostrum proteome. Accordingly, and in order to
increase the coverage of the colostrum proteome, it is necessary to study the different components

separately. Some of these techniques are based in the pre-fractionation of the colostrum sample in order to
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reduce complexity before proteomics analysis(Gagnaire et al., 2009). These previous steps are in

accordance with the different properties of the proteins, namely charge, size or hydrophobicity.

The gel-based approach has been the most used method for decades, and is still widely used, being the
two-dimensional gel electrophoresis (2DE) method commonly employed in quantitative proteomics (Wu
et al., 2006). However, it has been also described a clear interest on liquid chromatography separations
(Danielsen et al., 2011), which have several distinct advantages in comparison with the 2DE studies.
Finally, mass spectrometry (MS) has increasingly become the method of choice for analysis of complex
protein samples. MALDI TOF/TOF MS, for instance is a robust, sensitive and relatively inexpensive.
Moreover, this method has produced much of the protein identifications data reported in the
literature(Webster and Oxley, 2012). However, there are other techniques, such as isobaric tag for relative
and absolute quantitation (iTRAQ) that allows studying deeply the proteome of complex samples with

higher accuracy.

Several proteome studies have characterized the components of colostrum in different species such as
bovine and human (Reinhardt and Lippolis, 2008; Stelwagen et al., 2009; Agarwal et al., 2011).
Nevertheless, little is known about colostrum and the process that takes place in the newborn, namely
degradation, proteolytic protection, internalization and retention in the intestinal tissue. Moreover, it is
necessary to study how this primary food source passes through the gastrointestinal tract of the suckling

neonate and how the above-mentioned factors affect the different colostrum components.

4. MANAGEMENT EFFECTS ON COLOSTRUM AND NEWBORN RUMINANTS

As described by Castro et al. (Castro et al., 2011) the management during the last weeks of pregnancy is
extraordinarily important, because it is in this period that colostrum is secreted. There are other factors
such as litter size and number of lactation that affect final colostrum composition. Moreover, colostrum
management in the first hours of life is crucial for the survival of the newborn ruminant. However, in

spite of the importance of these factors in the final composition and on colostrum protein absorption by

newborn ruminants, no proteomics studies have been published on these effects.
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4.1 Nutrition during gestation

The relation between maternal nutrition during late pregnancy and mammary gland development,
colostrum composition and volume produced after partum has long been described (Mellor and Murray,
1985). In fact, dairy animals that receive a balanced feed produce more colostrum than underfed animals.
Regarding immune components present in colostrum, nutrition management may vary the final
concentration of some immune components. Accordingly, Awadeh et al. (Awadeh et al., 1998b) described
how cows supplemented during late pregnancy with selenium increased their 1gG concentration in
colostrum. On contrast, Swanson et al. (Swanson et al., 2008) did not observe any effect in sheep

supplemented during the late pregnancy neither in the colostrum yield nor in IgG concentration.

4.2 Litter size and number of lactations

Litter size is a very controversial effect. Csapd et al. (Csapd et al., 1994) found that colostrum 1gG
concentration was higher in twin Hungarian White goats and Hungarian Merino sheep than in singles.
However, Arglello et al. (Argtello et al., 2006) did not find differences in colostrum IgG concentration

between Majorera goats with different litter sizes.

There has been some controversy on the issue of the number of lactations. While it has been shown to
increase 1gG concentration in bovine (Oyeniyi and Hunter, 1978) and caprine colostrum (Ha et al., 1986),
Dos Santos et al. (Santos, 1994) and Arguello et al. (Arglello et al., 2006) did not observe differences in
the colostrum IgG concentration due to the number of lactations in Saanen and Majorera goats,

respectively .

4.3 First colostrum intake by newborn ruminants

As described in section 2, newborn ruminants can absorb large molecules. Nevertheless and considering
colostrum, this special ability decreases along the first 48 hours after birth. It is important to notice that
the first colostrum ingestion is very important to acquire a correct PIT, although other aspects such as
colostrum 1gG concentration or volume of ingested colostrum also take high relevance in PIT. As
reported (Chigerwe et al., 2009) Holstein calves fed with 3 litres of colostrum between the first 4 hours

after birth acquire an adequate PIT. However, the same author observed that calves that took their first
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colostrum intake between 4 and 12 hours after birth also had an adequate PIT, although the latter animals

were fed with a high quality colostrum (IgG concentration > 100ug/uL).

5. COLOSTRUM FRACTIONS AND HIGH ABUNDANT PROTEINS

5.1 Colostrum fractions

As described in Section 3, there is no adequate protocol for the separation of whole colostrum. It is
therefore necessary to separate different fractions. Colostrum proteins are divided into three main groups
according to the fraction where they are found: caseins, whey proteins and proteins from the MFGM, as

summarized in figure 2.

Colostrum
|
. . | |
Centrifugation
Skimmed Fat
colostrum (MFGM)
Ultracentrifugation

Acidification
(pH 4.3-4.6)

Insoluble fraction Soluble fraction

(Caseins) (Whey proteins)

Figure 2. Schematic procedure for the separation of the three main groups of colostrums proteins. Two
fractions can be obtained upon centrifugation: Milk Fat Globule Membrane (MFGM) and skimmed
colostrum. The skimmed colostrum can be treated with ultracentrifugation or acidification (or both) to
obtain the last last fractions: Caseins and Whey proteins.

These three fractions can be isolated in two steps. The first step is based in the centrifugation of the
colostrum in order to separate the fat layer (MFGM) and the skimmed colostrum that includes caseins and

whey proteins. Several centrifugation protocols may be found in the literature as summarized in table 1,

although some of them have only been tested in milk samples.
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Table 1. Centrifugation procedures for isolation of MFGM.

Specie Cen_trifuga'Fion Reference
Speed (9) Time (min.) Temp. (°C)
Cow 5,000 15 4 (thgglf)t al.,
Cow 15,000 15 10 (Foggo‘;t)a"'
Cow 10,000 15 4 ﬁ?:;r;?iifd;o%nsg
Human* 1,500 20 25 H(upsigr?” 12”;6)
Human 4,000 30 4 %Loizzzdiggg‘;
Ewe* 1,500 20 25 (Marzt:)”lige)t al.

*With addition of 5g of Sucrose/100mL of milk

After this process, the resulting skimmed colostrum needs to be divided in the two last fractions (whey
proteins and caseins). In the literature, several methods may be found to isolate caseins from the skimmed
colostrum or milk sample; however, all of them have in common the use of ultracentrifugation, acid
precipitation or the combination of both methods. Some of the most used techniques are shown in table 2.

Table 2. Procedures to isolate caseins and whey proteins from milk and colostrum.

Centrifugation
Species | Speed Time Temp. Acid precipitation Reference
(9) (min.) (°C)
Cow 16,500 30 4 C,H,0, (IN) (Golinelli et al., 2011)
Cow C,H40; (30% v/v, pH 4.6) | (Mier et al., 2008; Zhang et
al., 2011)
Cow 15,000 15 10 HCI (1M, pH 4.6) (Fong et al., 2008)
Cow* 44,000 30 4 (Boehmer et al., 2008)
Cow 100,000 60 4 (Leetal., 2010)
Human* | 13,000 30 4 HCI (1M, pH 4.6) + 60 (Liao et al., 2011)
mmol CaCl,
Human* | 189,000 60 4 HCI (1M, pH 4.3) + 60 (Kunz and Lonnerdal,
mmol CaCl, 1989)
Cow 1,500 10 5 C,H40, (IN) + (Fox, 2003; Jensen et al.,
CH3;COONa (1N) 2012)
Cow 100,000 60 4 (Jensen et al., 2012)
Human 10,000 15 20 HCI (1M, pH 4.6) (Lonnerdal and Forsum,
1985)

*Centrifugation repeated twice
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5.2. High abundant proteins

As described above, one of the three groups of proteins that can be found in colostrum and milk, are
located in a complex membrane, called milk fat globule membrane (MFGM) that surrounds
triacylglycerols droplets (Lonnerdal and Forsum, 1985).Traditionally, most of the research on MFGM has
been focused in dairy cattle (Mondy and Keenan, 1993; Mather, 2000; Ye et al., 2002; Fong et al., 2007;
Bianchi et al., 2009), however the interest in different aspects of non-bovine milk is fast growing. For this
reason, some recent studies on MFGM of other species, such as goats (Cebo et al., 2010), sheep (Addis et

al., 2011; Pisanu et al., 2011) or water buffaloes (D'Ambrosio et al., 2008) may be found in the literature.

As described (Mather, 2000), there are 7 HAP in the MFGM. Two of the most important proteins related

to immunity are mucin-1 (MUC-1) and xanthine dehydrogenase/oxidase (XDH/XO).

MUC-1 is a glicycoprotein that is present in the apical surface of epithelial cells from different organs,
such as lungs, stomach, intestine and others (Hollingsworth and Swanson, 2004). This protein has been
isolated in cattle (Patton et al., 1995) where it’s concentration is lower (40 mg/L) by comparison to
human MFGM (729-805 mg/L) (Peterson et al., 1998). This protein was isolated in goats (Campana et al.,
1992), albeit no information seems to be available on its concentration levels. Nevertheless, it has been
demonstrated that it has cross-reactivity with cow MUC-1 and no cross-reactivity with human MUC-1.
Regarding its biological function, this protein may play an important role in the protection of exposed
surfaces from physical damage and invasive pathogenic microorganisms (Schroten et al., 1992; Patton et
al., 1995; Peterson et al., 1998). In addition, MUC-1 may participate in the immune reaction in the
suckling neonate because of its capacity of binding and sequestering pathogenic microorganisms within

the gut lumen (Schroten et al., 1992; Peterson et al., 1998).

Concerning XDH/XO, it is essentially synthesized in the mammary gland (Bruder et al., 1983; Parks and
Granger, 1986) and it reaches maximum values during late pregnancy and immediately after parturition
(Kurosaki et al., 1996). This protein has been isolated from MFGM in cows, goats and sheep, although
differences between them have so far not been analysed in colostrum. However, using milk samples, it
has been described that XDH/XO from sheep and cow MFGM have similar concentrations (Mondy and

Keenan, 1993; Ye et al., 2002; Pisanu et al., 2011). The function of this protein is not completely defined,

but it has been suggested that it may play structural and functional roles in the formation of the MFGM
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(Ishii et al., 1995) and also as having antibacterial properties in colostrum and milk, providing a source of
H,O, for lactoperoxidase (Bjorck and Claesson, 1979). Finally, this protein could act as an
immunomodulator either causing tissue damage and exacerbation of the inflammatory response or
inducing expression of genes encoding, for example, adhesive proteins, cell receptors, and components of

the immune system (Mather, 2000).

Another group of proteins that can be found in colostrum are whey proteins. Setting bovine milk as
reference, whey contains more than 200 different proteins, with B -lactoglobulin, a -lactaloumin, bovine
serum albumin (BSA), immunoglobulins and lactoferrin being the major constituents (Sgarbieri, 2004;
Korhonen and Pihlanto, 2007; Kawecka and Radko, 2011; Roncada et al., 2012). From this group of
proteins, immunoglobulins play the most important role in the innate immune transfer, however there are
other proteins with important immune functions, particularly a —lactaloumin and lactoferrin (Korhonen

and Pihlanto, 2007; Tang et al., 2011).

Conventionally, o —lactalbumin has been associated to the regulation of lactose production (Kleinberg et
al.,, 1983), however it has been recently described that this protein plays also a role as an
immunomodulator in human and bovine colostrum and milk (Montagne et al., 2000; Korhonen and
Pihlanto, 2007; Marnila and Korhonen, 2011). The concentration of this protein in colostrum does not
differ significantly between goats, cows and sheep (2.77 mg/mL, 2 mg/mL and 2.3 mg/mL, respectively)
(Perez et al., 1990; Levieux et al., 2002), showing that the concentration of this protein is approximately

1.5 times higher than those found in milk.

The other important HAP in the immune response against infections is lactoferrin. Konuspayeva et al.
(Konuspayeva et al., 2008) studied the differences of this protein concentration in colostrum from several
mammals such as camels (5.1 mg/mL), cows (0.84 mg/mL), goats (3.09 mg/mL), sheep (1.56 mg/mL) or
water buffaloes (2.1 mg/mL). Similar results were found by Nissen et al. (Nissen et al., 2012) in bovine
colostrum, using 2DE-LC-MS/MS and quantitative ELISA. The main function of lactoferrin is the
binding and transport of iron ions. Additionally, lactoferrin has a wide variety of biological functions,
many of which do not appear to be connected with its iron binding ability (Brock, 2002). Lactoferrin
works as an innate immune factor synthesized by the mammary epithelium (Sanchez et al., 1992;

Adlerova et al., 2008), that provides antimicrobial activity (bactericide and fungicide) to the mammary
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gland and also to the newborn (Bellamy et al., 1992). Due to the increase in its concentration during most
inflammatory reactions and some viral infections, it has been classified as an acute-phase protein

(Kanyshkova et al., 2001).

With reference to casein, there are four main types (asl, as2, B and «), that are responsible for important
biological functions such as ion carriers (Calcium, Fosfate, Iron, Zinc, Cupper), bioactive peptide
precursors and immunomodulators (Korhonen and Pihlanto, 2007). It was also demonstrated that the
casein proteolytic fragments have an antimicrobial activity (Lahov and Regelson, 1996), suggesting that
proteases may also play a role in the host defence. In addition, peptides derived from caseins are receiving
much attention as possible sources of natural bioactivity with health benefits for humans (Gauthier et al.,
2006), probably because they stimulate the innate immune system within the mammary gland and prevent

udder infections during the dry phase (Silanikove et al., 2005).

6. LOW ABUNDANT PROTEINS FROM COLOSTRUM

In addition to the high importance of HAP in colostrum, there is a growing interest in LAP in order to
increase the general knowledge about their biological role in animal and human health (Yamada et al.,
2002; Reinhardt and Lippolis, 2008; Golinelli et al., 2011). In humans for example, a total of 151 proteins
were recently identified, albeit the fact that 83 of them had never been previously described in human
colostrum or milk (Palmer et al., 2006). Probably, many of this newly identified proteins could be
involved in important colostrum roles such as regulation of growth, nutrient transport and what it is more
important, PIT. In ruminants, knowledge on the identity and function of the LAP constituents of whey
and MFGM is still incomplete, although many of these proteins may have uncharacterized biological

properties (Fong et al., 2008; Reinhardt and Lippolis, 2008; Rusu et al., 2009).

Biochemical techniques, namely 2DE gel methods have been one of the most common techniques used to
identify LAP in both milk and colostrum (Yamada et al., 2002; O'Donnell et al., 2004). However, these
techniques are starting to be replaced by other such as iTRAQ or label-free methodologies that confer
several advantages in comparison to 2DE gel methods. These new techniques are able to identify a higher
number of proteins using less amount of sample and producing more reproducible results. On the other

hand, the main disadvantage of these techniques is the expensive cost of the equipment, instruments and

reagents, not frequently available in most laboratories.
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6.1. Most common techniques used to identify low abundant proteins

Approaches such as immunoabsorption (Murakami et al., 1998; Yamada et al., 2002; Palmer et al., 2006),
isoelectric focusing (IEF) (Zuo and Speicher, 2002), affinity tagging (Holland et al., 2006) , and semi-
coupled anion- and cation-exchange chromatography (Fong et al., 2008) have been used as a tool to
remove HAP and increase the relative abundant of LAP in proteomic analysis of complex samples such as
colostrum. Despite of the removal of caseins by procedures such as those described in table 2, the large
amount of immunoglobulins and high abundant proteins in, for example, ruminant whey is particularly

difficult for LAP proteomic analysis (Yamada et al., 2002).

As a consequence of their high abundant in colostrum, similar isoelectric point and molecular weight,
immunoglobulins are located in the same region of the 2DE-gel where most of the LAP, such as
transferrin, plasmin, lipoprotein lipase, alkaline phosphatase, and others yet to be identified are also found
(Fong et al., 2008). For this reason, it is necessary to remove HAP (namely immunoglobulins) from
colostrum as they can mask low abundant proteins. Presently, several commercial kits are available to
remove immunoglobulins. Golinalli et al. (Golinelli et al., 2011) used and compared the removal efficacy
of whey HAP proteins from colostrum using the albumin and 1gG removal kit (GE Healthcare Life
Sciences, UK) and the Vivaspin 500 ultrafiltration cartridge (GE Healthcare Life Sciences, UK) with a
membrane of a molecular-mass cut-off of 100 kDa. These authors observed that the Albumin and 1gG
removal kit was ineffective in removing 1gG from the bovine colostrum whey. It is known that the
albumin and IgG removal kit contains agarose-immobilized anti-IgG against human proteins. The failure
of these antibodies to capture the IgG present in bovine colostrum whey could be ascribed to a lack of
cross-reactivity of the antibodies to the bovine proteins. However, these authors described that the
treatment of colostrum whey with Vivaspin 500 removed most of the 1gG and IgA, rendering possible the

detection of LAP.

Another common depletion technique used to deplete high abundant proteins is the ProteoMiner kit (Bio-
Rad, USA) that consists of a unique library of hexapeptides, which bind proteins of different abundance
with same capacity (Bandhakavi et al., 2011). Consequently, when a complex protein mixture is exposed
to a ligand library, each bead with affinity to an abundant protein will rapidly become saturated and

therefore the vast majority of the same protein will remain unbound. In contrast, low abundant proteins
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will not saturate the corresponding partner beads, so all of them are captured, producing a progressively
increase in the amount of those proteins. After elution of the captured proteins, all proteins will be
present, but in a reduced dynamic range dependent on each single protein concentration before depletion
(Boschetti and Righetti, 2008; D’ Amato et al., 2009). In addition, ProteoMiner kit is a very extended
method that was created for plasma and serum samples, but that has successfully been tested in other
samples types including urine (Castagna et al., 2005), bile (Guerrier et al., 2007), platelets, red blood cell

extract and egg white extract (Guerrier et al., 2008).

With reference to colostrum and milk, Liao et al. (Liao et al., 2011) treated human colostrum and milk
samples with the ProteoMiner kit, showing that the abundance of LAP was increased while some of the
high abundant proteins were decreased. However, these authors described that the ProteoMiner kit beads
had little effect on remaining casein residues in the human colostrum and milk whey. Similarly, the
ProteoMiner kit was used to study the whey proteome of cow’s milk, obtaining an increase of the low
abundant proteins (D’ Amato et al., 2009). It should be noticed that although this kit is able to produce an
enrichment of LAP, whey HAP proteins (e.g., lactoferrin and a-lactalbumin) and caseins, are still
detected. For these reasons, and according to the authors, the ProteoMiner kit is a valid approach to

increase the detection of low abundant proteins.

However, despite of the demonstrated effectiveness of the ProteoMiner kit in increasing the number of
protein identifications in a complex protein mixture, it is necessary to remark its effect on quantitative
proteomic studies, measuring relative protein abundance levels between samples via stable isotope
labelling (Bandhakavi et al., 2011). Accordingly, Mouton-Barbosa et al. (Mouton-Barbosa et al., 2010)
showed that high abundant proteins did not retain their quantitative accuracy after the treatment with a
hexapeptide library (e.g. ProteoMiner kit), probably because they saturated their peptide binding partners,
resulting in a loss of the unbound portion of the protein. On the other hand, low abundant proteins
retained their quantitative accuracy after a hexapeptide library treatment, since they did not saturate their
peptide binding partners and were fully recovered.

As a result, and taking the information described before, Proteominer kit seems to be an adequate tool to

discover the deep proteome of several samples compound by a potent and a high mixture of proteins.

Nevertheless, some considerations must be taken if this kit is to be used in quantitative studies.
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6.2. Function of selected low abundant proteins and their relation to the immune system
It is very important to understand how LAP from colostrum can improve or modify the immune response
either at the level of the mother or at the level of the newborn, for this reason, the function of some

important LAP will be described separately.

One of these LAP in colostrum is plasmin. This protein is a fribrinolytic enzyme that plays an important
role in the dissolution of fibrin blood clots in order to prevent thrombosis (Ogiwara et al., 2010).
Nevertheless, this protein has been identified not only in blood, but also in colostrum and milk (Dupont et
al., 1998; Le et al., 2010). As described by Dupont et al. (Dupont et al., 1998), bovine colostrum contents
10 times more plasmin (0.49 pug/mL) than milk (0.04 pug/mL). In bovine, sheep and goat milk, plasmin is
essentially identical to those found in blood (Rebucci et al., 2005). Additionally, other authors have
observed that plasmin has immune activity, as it contributes to the neutrophil migration to the site of
infection (Renckens et al., 2006). In agreement with these findings, an increase in plasmin concentration
in blood and milk during acute mastitis in lactating dairy ewes has been described (Theodorou et al.,

2010).

Another interesting protein is serum amyloid A (SAA). This protein is normally found in complexes with
lipoproteins and different isoforms, varying in concentration according to species (Uhlar and Whitehead,
1999). SAA represents one of the most conserved proteins among mammals supporting the premise that it
has a basic and essential role in the innate immune system, taking part of the acute phase of inflammation
(Eckersall et al., 2006; Pyorala et al., 2011). This protein has been also identified in colostrum from
several species, namely human (Kumon et al., 2011) horse, cattle and sheep (McDonald et al., 2001; Le et
al., 2010). It has been described that the circulating concentration of SAA is increased by 1000-fold
within 24 to 48 h following infection/inflammation from a basal level of 5-8 mg/mL (Faty et al., 2012),
showing the importance of this protein in inflammatory processes. Moreover, a variant of this acute phase
protein, serum amyloid A3 (SAA-3), was found to be expressed in mammary cells in response to
pathogens or pathogen-derived lipoteichoic acid and to be present in milk during mastitis (McDonald et
al., 2001) and colostrum (McDonald et al., 2001; Larson et al., 2005) suggesting a role for this protein in

host defence. Accordingly, McDonald et al. (McDonald et al., 2001) found that SAA-3 concentration in
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cow colostrum is much higher than in milk (267.45 pg/mL and 2.63 pg/mL, respectively). These authors
also described the concentration of this protein in sheep colostrum, being lower than in cow colostrum

(62.83 pg/mL and 267.45 pg/mL, respectively).

In general, the SAA protein has numerous pro-inflammatory actions: chemoattractant to neutrophils,
monocytes, and T lymphocytes, causing leukocyte infiltration and promoting neutrophil adhesion to
endothelial cells (Badolato et al., 1994; Xu et al., 1995; Su et al., 1999) and it stimulates neutrophils and
monocytes to release not only cytokines (Furlaneto and Campa, 2000; He et al., 2003), but also matrix
metalloproteinases (Lee et al., 2005b). According to He et al. (He et al., 2009), these findings suggest a

key function for SAA not only in the establishment, but also in the maintenance of inflammation.

Fibrinogen is the precursor of fibrin, the most abundant component in blood clots. However, this protein
has also a defensive function, as it has been demonstrated that fibrinogen concentration increases during
acute-phase reactions (Tamzali et al., 2001; Ganheim et al., 2003). Moreover, Yamada et al. (Yamada et
al., 2002) studied differences in low abundant proteins between cow colostrum and milk, showing that
some of them were only present in colostrum, such as fibrinogen. Additionally, several authors have
described that fibrinogen can bind integrins, that are normally expressed by cells of the immune system,
such as CD11b/CD18 (Ugarova and Yakubenko, 2001; Ryu et al., 2009). The CD11b/CD18 integrin
receptor (aMB2, Mac-1, complement receptor 3) is a member of the P2 integrin family, which is
expressed on monocytes and macrophages. When fibrinogen binds to CD11b/CD18, integrin causes an
extensive array of cell signalling responses, namely the activation of the nuclear factor kappa-light-chain-
enhancer of activated B cells and mitogen-activated protein kinase/phosphatidylinositol 3-kinase, that
mediate adhesion, migration, chemotaxis and phagocytosis (Akassoglou and Strickland, 2002). All these
reasons, confirm that fibrinogen and fibrin from colostrum may result beneficial to the newborn immune

system efficiency.

Trypsin inhibitor (TI), also known as al-antitrypsin, is a protein that reduces biologically active trypsin

(Rawlings et al., 2004), decreasing proteolysis. This protein has been described in bovine colostrum using

different proteomics techniques, such as 2DE gel electrophoresis (Yamada et al., 2002) or LC-MS/MS
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(Nissen et al., 2012). It has been studied that colostrum contains 100 times more TI than milk (Sandholm
and Honkanenbuzalski, 1979; Honkanenbuzalski and Sandholm, 1981), probably to protect against the
proteolytic cleavage, allowing the absorption of the intact immune components by the newborn

ruminant.

The lipopolysaccharide-binding protein (LBP) is one of the a produced during infections with Gram-
negative bacteria(Schumann et al., 1990). Additionally, LPB seems to actively participate during gram-
positive bacterial infections (Weber et al., 2003). This protein has been detected in cow colostrum using
2D-LC-MS/MS (Nissen et al., 2012) and then quantified using ELISA (0.85 mg/mL, approximately) by
the same authors. No references about the presence of this protein has been found neither goat nor sheep
colostrum. The main function of this protein is to bind bacterial lipopolysaccharides (LPS) expressed on
the outer cell wall of bacteria, acting as a carrier for LPS and to help control LPS-dependent monocyte

responses (Stelwagen et al., 2009).

Antimicrobial peptides (AMPs) are defined as such for their capacity to rapidly inactivate infectious
agents (Zasloff, 2002). Most AMPs act by disrupting the integrity of the microbial membranes (Zasloff,
2002). The two major AMP families in mammals are the defensins [10] and another group of cationic

molecules, classified as cathelicidin peptides (Lehrer and Ganz, 2002; Zaiou and Gallo, 2002).

Defensins are a group of small antimicrobial peptides that interact with the adaptive immune response
(YYang et al., 2002a). These peptides are produced constitutively and/or in response to microbial products
or pro-inflammatory cytokines (Ganz and Lehrer, 1998; Lehrer and Ganz, 1999; Schroder, 1999).
Specifically, members of the B-defensin family were found to be expressed by mammary epithelial cells
during mastitis (Goldammer et al., 2004; Swanson et al., 2004). Although the mechanism of these
peptides has not been fully known, they may be involved in the disruption of the microbial membrane.
Moreover, these peptides have been described in milk and at elevated levels in human colostrum

(Armogida et al., 2004).

Cathelicidin family is a group of peptides that serves a critical role in mammalian innate immune defence

against invasive bacterial infection (Nizet et al., 2001). Its mechanism appears to be mediated by
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recognition of molecular patterns at the microbial surface. This step is largely based on electrostatic
interactions between the cationic peptide and anionic bacterial components and subsequent insertion into
the lipid moiety, affecting the integrity of the microbial membranes (Gennaro and Zanetti, 2000).
Cathelicidin family components have since been found in cattle (Stelwagen et al., 2009), sheep (Mahoney
et al., 1995; Shamova et al., 1999), goats (Shamova et al., 1999) , and the presence of these peptides has

been described in both colostrum and milk (Park, 2009; Stelwagen et al., 2009).

7. CONCLUSION

In summary, colostrum plays an essential role in several important processes in the newborn, such as PIT
and immune system development, decreasing ruminant neonate mortality rates and increasing farmers
economic benefits. However, colostrum is not only important for its Ig’s content but also for the non-
immunoglobulin proteins that play a fundamental role in the activation and attraction of immune cells and
low gastric secretion, among others. It has been also observed the relation of different proteins from the

three colostrum fractions (caseins, whey and MFGM) with the newborn immune protection.

In this field, proteomics is a powerful tool of interest to increase the general knowledge of proteins
present in colostrum and their relation with PIT and the immune system development. Moreover, further
studies will be necessary in order to understand the biological process of colostrum proteins uptake trough
the gut in newborn ruminants, particularly in less studied domestic ruminants such as sheep, goats and

water buffalo
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Interpretative summary

Immune parameters and body live weight evolution in lambs raised under
different rearing systems, colostrum sources and first time of colostrum feedings.

By Hernandez-Castellano

There are several factors that can affect the final lamb body condition and immune
status, such as the rearing system (natural vs. artificial), colostrum source (goat vs.
sheep) and time of first colostrum feeding (2 h vs. 14 h after birth). These factors may
produce a negative impact on the economic benefits of farmers and breeders and severe
animal welfare consequences. The present manuscript details that in general there were
no differences between colostrum sources and time of first colostrum feeding in an
artificial rearing system; however, lambs reared under a natural system usually

presented higher values during the first days after birth.
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ABSTRACT

There are several factors that can affect the immune parameters and BW before weaning
in lambs, but some of the most important factors are the rearing system, the colostrum
source and the time of the first colostrum intake. The aim of this study was to evaluate
the effect of the rearing system (natural vs. artificial), colostrum source (goat and sheep)
and the time of the first colostrum intake (2 h and 14 h after birth) on the lamb BW and
immune parameters during the first 5 d after birth. In this study 60 lambs were randomly
assigned to 5 treatments. Twenty lambs remained with their dams. Forty lambs were
removed from their dams at birth and were fed at 2 or 14 h after birth with goat or lamb
colostrum respectively. Blood plasma samples and BW recording were taken before
feeding. Blood plasma was used to measure the immunoglobulin concentration (IgG and
IgM), the Chitotriosidase activity and the Complement system activity (Total and
Alternative pathways). Results showed that lambs from the natural rearing group
presented higher BW, IgG, IgM concentration and Complement System activity (total
and alternative pathways) than animals reared under artificial systems during the first
days after birth. No differences in Chitotriosidase activity between groups were
observed during this period. Although these findings may improve the management in
lamb farms that feed animals under artificial conditions, because it will be not necessary
to feed with colostrum immediately after birth and also goat colostrum could be used to
bottle fed newborn lambs, further studies will be necessary in order to achieve a similar

initial 1gG concentration in the artificial rearing groups in reference to the natural ones.

Keywords: Chitotriosidase, Immune, lamb, goat colostrum, weaning
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INTRODUCTION

Newborn ruminants have three critical periods related to their immune system during
the first two months of life; colostrum intake, milk feeding and weaning. The
management in these periods affects the final animal performances (Marsico et al.,

1993; Massimini et al., 2007; Mastellone et al., 2011).

Today there are an increasing number of high production dairy sheep farms, where
lambs are reared under an artificial feeding system in order to increase marketable sheep
milk. Under this system, lambs are separated from dams at early age, and then they are
fed with colostrum and milk replacer in order to increase the amount of milk available
for processing like cheese or yogurt (Demiroren et al., 1995; Napolitano et al., 2008)
and simplify the management (Emsen et al., 2004). However, animals growing under an
artificial rearing system need to be fed with an adequate amount of colostrum in order to

increase their performance.

Colostrum is essential to ensure the survival of the litter because ruminants are born
hypo gammaglobulinemic, due to the complexity of the synepitheliochorial ruminant
placenta which does not allow sufficient transfer of Immunoglobulins from the dam to
the foetus (Wooding et al.,, 1986; Castro et al., 2009). As a consequence, the
consumption of colostrum by the progeny of these species (cow, sheep and goat) has a
fundamental role in passive immunity transfer and on the newborn survival rate

(Campbell et al., 1977; Lascelles, 1979; Stelwagen et al., 2009).

Moreover, it has been described that lambs not fed with colostrum in the first hours of

life are more susceptible to diseases and mortality (Ahmad et al., 2000; da Nobrega et
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al., 2005; Nowak and Poindron, 2006). Therefore, it is important to provide an optimal
colostrum source, and as a consequence, several studies have been performed using
bovine colostrum as an alternative source of colostrum to feed lambs at this early stage
of life (Quigley et al., 2002a; Moretti et al., 2010). However, these studies report that
when lambs are fed with cow colostrum they suffer from anemia (Winter and Clarkson,
1992; Winter, 2011; Ruby et al., 2012), so it is necessary to study other colostrum

sources, such as goat colostrum.

Another important factor that affects the immune parameters in lambs is the time of the
first colostrum intake, because for ruminants the period between 12 h and 36 h after
birth is extremely critical for absorption of IgG from colostrum (Chen et al., 1999;
Nowak and Poindron, 2006; Castro-Alonso et al., 2008) to acquire an adequate initial
immunoglobulin concentration on blood (O'Doherty and Crosby, 1997; Quigley et al.,
2000; Christley et al., 2003). Nevertheless, it is necessary to study how a delay in the

first colostrum intake could affect the final immune status on the lamb bloodstream.

One of the most important immune parameters is the immunoglobulin concentration
(1gG and IgM, mainly); however there are other immune parameters that can be studied
in blood, such as the Chitotriosidase (ChT) activity and the Complement System
activity (Total and Alternative pathways). Chitotriosidase is a functional chitinase with
high homology to chitinases that belong to family 18 of glycosyl hydrolases, and
although research has been undertaken in humans (Musumeci et al., 2005) and goats

(Arguello et al., 2008a; Moreno-Indias et al., 2012c), this enzyme has never been

described in sheep or lambs. The enzyme is predominantly a secretory protein that is
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only expressed at the late stage of monocyte differentiation. Chitotriosidase is capable

of hydrolyzing chitin in the cell wall of fungi and nematodes (Barone et al., 1999).

The Complement System activity, Total (TCA) and Alternative (ACA) pathways play
an important role in host defense mechanisms against infectious microbes, as they are
involved in specific and nonspecific immunity (Rodriguez et al., 2009). The
Complement System in mammals has been well described, particularly in human and
mice, and it has been also examined in ruminants, such as cows and goats (Castro et al.,
2008; Mayilyan et al., 2008; Rodriguez et al., 2009; Moreno-Indias et al., 2012b).
However, there are few studies about the Complement System activity in sheep and

lambs, with studies based on an old determination technique.

The aim of this study was to determine the BW evolution and the immune parameters,
such as IgG and IgM concentration and ChT and Complement System activity during
the first 5 d after birth in relation to rearing system (natural vs. artificial), colostrum

source (goat vs. sheep) and time of the first colostrum intake (2 vs. 14 h after birth).

MATERIAL AND METHODS
The present study was performed in the Department of Animal Science of the
Universidad de Las Palmas de Gran Canaria in Canary Island (Spain) on 60 lambs (30
males and 30 females) from Canary dairy breed. Animal procedures were approved by

the Ethical Committee of the University.
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Colostrum feeding period

At birth, animals were randomly divided in five different groups. The natural rearing
(NR) group was composed by 20 lambs who fed colostrum directly from their dams.
The other 40 lambs were removed from their dams, dried, weighed and ear tagged and
then divided into 4 blocks (10 lambs each) in accordance with the method of colostrum
feeding and without contact with the dam. Lambs blocks were allocated into rooms
equipped with central heating at a room temperature of 20°C and providing at least 0.3
m? floor space per lamb. Goat Colostrum 2 h (GC2) and Goat Colostrum 14 h (GC14)
groups received a goat colostrum pool that was previously pasteurized at 63°C for 30
minutes according to Trujillo et al. (2007). Sheep Colostrum 2 h (SC2) and Sheep
Colostrum 14 h (SC14) groups received a sheep colostrum pool that was pasteurized by
the procedure previously described. Lambs from GC2 and SC2 were bottle-fed
colostrum at 2 h, 14 h and 24 h after birth and GC14 and SC14 lambs were bottle-fed
colostrum at 14 h and 24 h after birth. Because there are no references concerning the
amount/concentration of colostrum that should be given to lambs in order to achieve a
correct PIT, by the end of the colostrum feeding period all the artificial rearing groups
(GC2, GC14, SC2 and SC14) received a total colostrum amount equivalent to 4 g of
19G/kg of BW, which is the amount recommended by Castro et al. (2005b) for goat

kids.

The goat and sheep colostrum 1gG concentration (41.32 and 64.37 mg/mL, respectively)
was determined using a commercial ELISA kit (Bethyl laboratories, Montgomery, TX,

USA).




173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

Capitulo 2

The NR group was raised with dams and had free access to dam colostrum/milk until
end of the experiment. After colostrum period, artificial rearing groups (GC2, GC14,
SC2 and SC14) received a commercial milk replacer at 16% (w/w; MR group,
Bacilactol Corderos y Cabritos, Saprogal, La Corufia, Spain; 95.5% DM, 23.6% CP and
22.7% ether extract, air-dry powder basis). These groups were fed ad libitum (37°C),

using nipple buckets twice a day (8:00 am and 05:00 pm).

BW recording and sample collection

All experimental animals were weighed before each blood extraction and data was
expressed in kg (MOBBA, Barcelona, Spain; accuracy, 5g). Blood samples were taken
before morning feeding from the jugular vein in 2.5 ml K-EDTA tubes. Subsequently,
blood was centrifuge at 2190 x g during 5 minutes at 4° C (Hettich-Zentrifugen,
Universal 32 R, Germany), storing the obtained plasma at -80° C until analysis. In the
colostrum and milk feeding period, blood samples were taken at 2 h after birth (labeled

as sample 0) and then at 1, 2, 3, 4, 5 d after birth.

To determine plasma IgG and IgM concentration commercial ELISA kits (Bethyl
Laboratories, Montgomery, TX, USA) were used, setting a purified sheep 1gG and IgM
as a standard reference. Results were expressed as mg of immunoglobulin/mL of
plasma.

Chitotriosidase activity was measured following the procedure described previously by
Arguello et al. (2008a) in goat blood plasma. In this procedure, 1 pL of undiluted blood
plasma with 100 pL of a solution containing 22 mM artificial substrate (4-
methylumbelliferyl-d-N, N’, N” triacetylchitotriose) in 0.5 M citrate phosphate buffer

(pH 5.2) was incubated for 15 min at 37°C. The reaction was stopped with 5 mL of 0.5
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M Na,CO3-NaHCOj3; buffer (pH 10.7). Fluorescence was measured using a fluorimeter
(Perkin Elmer, Norwalk, CT) at 365 nm of excitation and 450 nm of emission. The ChT

activity was expressed as nanomoles of substrate hydrolyzed/mL/h.

Complement System activity (TCA and ACA) was measured by the hemolytic rate
according to a novel technique described by Moreno-Indias et al. (2012b) in goat kid
blood plasma. In this technique a DGHB™" buffer [Hepes Gelatin Veronal Buffer with
Ca™ and Mg*™: 5 mM HEPES, 71 mM NacCl, 0.15 mM CaCl,, 0.5 mM MgCl,, 2.5%
(w/v) glucose, 0.1% (w/v) gelatin, pH 7.4] was used to measure total Complement
System activity, and DGHB-Mg-EGTA buffer [4.2 mM Hepes, 59 mM NaCl, 7.0 mM
MgCl,, 2.08% (w/v) glucose, 0.08% (w/v) gelatin, 10 mM EGTA, pH 7.4] to measure
the alternative pathway. For total Complement System activity, rabbit red blood cells
and lamb plasma were diluted to 5% in DGHB™; 100 pL of each was then mixed in a
microtiter plate and incubated at 37°C for 1 h. Cells were removed by centrifugation
(2500 x g, 5 min, 4°C), and supernatant absorbance was measured at 405 nm using a
micro-plate reader. Complete hemolysis was achieved by mixing the cells with distilled
water (100 pL), and spontaneous lysis was produced by mixing the diluted rabbit red
blood cells with DGHB™. Complement-induced hemolysis of rabbit red blood cells by
the test sera was calculated using the formula: [(A405 sample — A405 spontaneous
lysis) / (A405 complete hemolysis — A405 spontaneous lysis)] x 100. The same protocol

was performed with DGHB-Mg-EGTA buffer to measure the alternative pathway.
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Statistical analyses

Statistical analyses were performed using SAS, Version 9.00 (SAS Institute Inc., Cary,
NC). The SAS PROC MIXED procedure for repeated measurements was used to
evaluate the effect of rearing system (natural vs. artificial) colostrum source (goat vs.
sheep) and timing of the first colostrum intake (2 vs. 14 h after birth) on 1gG and IgM
concentration, ChT and Complement System activity and BW of lambs from birthto 5 d

after birth. A Bonferroni’s test was used to evaluate differences between groups.

RESULTS AND DISCUSSION
Results relating to BW, IgG and IgM concentration, ChT activity, TCA and ACA
during the first 5 d after birth are shown in Table 1. NR was the only group that
increased the BW after birth; however weights for groups reared under artificial
conditions decreased from partum to 4 d after birth, with a trend of increasing weight at
5 d. It was observed that there were no BW differences between the animals at birth (0
d), although at 4 d and 5 d the NR group was heavier than the others (GC2, GC14, SC2
and SC14), with no BW differences being found between these four artificial rearing
groups. According to Lanza et al. (2006), factors associated with an increased suckling
frequency could be related to the differences between NR and the other groups. As
observed by Rodriguez et al. (2008), lambs that are reared under restricted conditions
(twice ad libitum daily) presented a lower BW gain rate (253 g/d) than animals that
were raised with their dams (307 g/d). In addition, Arglello et al. (2004a) observed that
goat kids reared under a natural rearing system had a higher weight than those from an
artificial rearing system. In contrast of these findings, Napolitano et al. (2002) did not
find BW gain rate differences between lambs reared under natural or artificial

conditions (180 g/d and 170 g/d, respectively). It is important to remark that not only
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neither the colostrum source (goat vs. sheep), nor the delay of the colostrum intake (2

vs.14 h after birth) showed effects on lamb growth during the colostrum period.

Focusing on the 1gG concentration, at birth (0 d) all the animals had a basal 1gG
concentration in their blood plasma, probably from maternal origin through the
placenta, as it has been referenced by Castro et al. (2011). These values increased
during the first 24 h after birth, although the highest concentration was obtained in the
NR group (16.79 mg/mL), probably because the colostrum intake were not restricted in
these animals and a higher amount of IgG could be absorbed. However, 1gG
concentration in the artificial rearing groups (GC2, GC14, SC2 and SC14) remained
constant in the following days (2, 3, 4 and 5 d after birth). No differences were observed
between artificial rearing groups in this period, probably because all these animals
received the same amount of IgG in relation to their BW at birth. Several authors have
observed how an increase of the total amount of IgG present in colostrum intake
increase the 1gG present in newborn ruminant blood not only in lambs (Halliday and
Williams, 1979) but also in calves (Muller and Ellinger, 1981; Stott and Fellah, 1983)
and goat kids (Castro et al., 2005b; Rodriguez et al., 2009). In addition Firat et al.
(2003) reported differences in the milk feeding period between lambs raised under
natural and artificial conditions, describing that lambs raised under artificial rearing
system had generally lower plasma IgG levels than lambs raised under natural
conditions. Results observed in this study show that no differences in IgG concentration
were found to be due to the colostrum source (goat vs. sheep) or the colostrum intake

delay (2 vs. 14 h).
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No animals from any of the groups presented detectable IgM in the blood at birth (0 d).
Groups studied showed an increase in IgM concentration during the first days after
birth; however this concentration tended to gradually decrease in the following days in
groups NR, SC2 and SC14. When groups were compared, the largest differences were
perceived between the NR group and the artificial rearing groups (GC2, GC14, SC2 and
GC14), showing that NR group presented the highest IgM concentration from 1 d to 5 d.
These differences between natural and artificial rearing groups during this period could
be produced because the artificial rearing groups received a restricted amount of
colostrum in comparison with those who were reared under natural conditions. The
same effect was observed in newborn goat kids by Rodriguez et al. (2009) who
observed that animals fed with a higher IgM amount in colostrum presented a higher
IgM concentration on blood. Moreover, Stott and Fellah (1983) observed a quadratic
relationship between the amount of IgM in colostrum and plasma IgM concentration in
calves. According to the results of this study, no differences were observed due to the
colostrum source (goat vs. sheep) and colostrum intake time (2 h vs. 14 h after birth)

when artificial rearing groups were analyzed in this period.

The ChT activity was found to be similar during the first 4 d after birth, increasing in
GC14 and SC14 at the end of this period, although no differences were observed
between groups in the whole period. The evolution of this enzyme activity has not been
previously described in sheep, although Arguello et al. (2008a) described higher values
in goat kids at birth (2664 nmol/mL/h) and if this is compared with results of the present
study (1017.22, 804.68, 897.46, 946.33 and 1019.69 nmol/mL/h in NR, GC2, GC14,
SC2 and SC14, respectively), it demonstrates an increase of this enzyme activity in goat

kids blood at 21 days of life (6000 nmol/mL/h). In accordance with these findings,
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Rodriguez et al. (2009) did not find any differences in blood ChT activity of goat kids
that were fed with colostrum at different 1IgG concentrations. As tends to happen with
other proteins from breast milk, ChT may be inactivated or destroyed before arriving in
the intestine (Wold and Adlerberth, 2000), so the primary role of ChT from colostrum
must be to protect the intestinal lumen of the newborn, increasing the activity of this
enzyme when the animal becomes older by the progressively macrophages activation
(Argiello et al., 2008a). The present results suggest that neither rearing method (natural
vs. artificial) nor colostrum source (goat vs. sheep) nor colostrum intake time (2 h vs.14

h after birth) seemed to affect ChT activity in newborn lambs.

Complement System activity (TCA and ACA) was not detectable at birth (0 d) in any of
the studied groups, becoming detectable from 1 d after birth and reaching the maximum
value at the end of this period (5 d). NR group obtained the highest Complement System
activity (TCA and ACA) from 2 d (20.56% and 15.05%, TCA and ACA, respectively)
to 5 d (42.43% and 36.26% of TCA and ACA, respectively). In general, no differences
in Complement System activity were found between artificial rearing groups. In
accordance with these findings, Eckblad et al. (1981a) suggested that Complement
System components in colostrum may play an important role in the development of the
Complement System activity in newborn animals through gut absorption, so a higher
amount of colostrum intake may produce an earlier development of the Complement
System activity, as happened in the NR group. Similarly, Castro et al. (2008) showed
the importance of dam milk in the earlier Complement System activation compared with
milk replacer feeding. Results of the current study indicate that neither the colostrum

source (goat vs. sheep) nor the colostrum intake delay (2 h vs. 14 h after birth) affect the

Complement System development.




321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339
340
341
342
343
344
345
346
347
348
349

Capitulo 2

CONCLUSION
In this study, lambs from the natural rearing system showed in general, higher immune
condition and BW than animals reared under the different artificial system during the
first days after birth. However, further studies will be necessary in order to achieve a
similar initial 1gG concentration in the artificial rearing groups compared to the natural

ones.

These findings may improve the management systems in place in lamb farms as it
shows that it is not necessary to colostrum feed immediately after birth and, also, that

goat colostrum could be used to bottle fed newborn lambs.
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454  Table 1. BW, ChT activity, TCA, ACA and IgG and IgM concentration evolution in

455 NR, GC2, GC14, SC2 and SC14 during the first 5 d after birth.

Group Days

0 1 2 3 4 5
BW (kg) NR 4.15° 442°  469°  495%  519%7  543%2 | 0.09
GC2 | 4ar® 4.04° 3.91° 400  4.11™Y  422% | 015
GCl14 | 4.26° 4.09° 3.99° 398" 404" 416" | 0.10
sc2 4.49° 4.23 420°  4.22°% 425" 435 | 0.18
SC14 | 4.55° 4.34 425" 421" 418" 426" | 0.12
IgG (mg/mL) | NR 0.22*  16.79°% 13.84°% 12.75%¢ 12,07 11.43% | 0.76
GC2 | 018 617" 873 856 680"  6.96" | 1.70
GCl14 | 0.15° 583" 740" 690  6.49°Y 607" | 0.95
sc2 0.15° 8.84°Y  952° 626"  7.17™  6.24" | 0.77
SC14 | 0.20° 5.40°  7.80°Y 626" 557" 577 | 0.78

SEM

IgM NR - 1.88%%  1.44° 1327 115  0.98% | 0.10
(mg/mL) GC2 - 069" 067  0.69 0.60" 0.44Y 0.06
GCl14 - 057 043 042 0.54” 0.40" 0.05

SC2 - 0.98%  0.72*Y 058®Y 046"  050®Y | 0.11

SC14 - 0.60™¥  1.10°%¥ 0.69%Y  0.42%  050* | 0.09

ChT activity NR 1017.22  1060.58 926.52 875.57 1057.22 1033.95 | 50.07
(nmol/mL/hr) | GC2 | 804.68  847.03 791.44 821.63 866.74  868.43 | 23.62
GCl14 | 897.46° 944.70° 787.50° 717.67° 860.51° 1128.23" | 58.00
SC2 946.33  996.13 81572 78438 88525  986.77 | 99.770
SC14 | 1019.69" 907.80° 770.64* 84558 913.39* 1195.50" | 166.35

TCA (%) NR - 9.057 20.56°* 31.36°% 36.58°% 42.43%¢ | 2.10
GC2 - 2.46% 434 7.05%Y 1347 1542 | 1.42
GC14 - 0.23*  4.08®Y 639%Y 827®Y 970" | 0.92
SC2 - 1.11*  4.66®Y 1356 1558 16.06" | 1.96
SC14 - 0.867 870" 13.74°Y 18.12%Y 23.03%Y | 2.81
ACA (%) NR - 7.67%%  15.05°% 24.48°% 27.29%  36.26°* | 1.69
GC2 - 0.71*  0.77%  3.16®* 942" 1154 | 1.39
GC14 - 0.30%  2.45% 630%™ 868" 1232 | 1.15
sc2 - 0.23*  3.89" 6.99™¥ 10.08™ 14.90 | 1.40
SC14 - 0.40%  3.99"Y 869 1018 16.85*Y | 1.99

456

457  *°Means within a row with different superscript letters differ significantly (P < 0.05).
458  ** Means within a column for a specific item with different superscript letters differ
459  significantly (P < 0.05).

460  Data with - means non-detectable.

461  ChT: Chitotriosidase; TCA: Total Complement System activity; ACA: Alternative
462  Complement System activity.

463
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Interpretative Summary

Influence of rearing feed system (sheep milk vs. milk replacer vs. whole powdered

cow milk) on final lamb weight and immune status. By Hernandez-Castellano

The rearing feed system (sheep milk vs. milk replacer vs. whole powdered cow milk)
may affect the immune status and therefore the final lamb performance. These factors
may produce a negative impact on the economic benefits of farmers and breeders with
severe consequences on the animal welfare. This manuscript details BW and immune
differences due to the rearing system. In addition, it is also described that there was
neither weight nor immune differences between non sheep milk groups due to the milk

source (milk replacer vs. whole powdered cow milk).
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ABSTRACT

There are several factors that can affect the lamb BW and immune parameters before
weaning, such as rearing system or milk source. For this reason the aim of this
experiment was to evaluate the effect of diet (sheep milk-NR vs. milk replacer-MR vs.
whole powdered cow milk-CM) on the BW and immune parameters during milk
feeding period and weaning. In this study 60 lambs were randomly divided according to
treatment (NR, MR and CM). Blood plasma was used to measure the immunoglobulin
concentration (IgG and IgM), Chitotriosidase activity and Complement System activity
(Total and Alternative pathways, TCA and ACA, respectively). Results showed that
lambs reared with NR presented higher BW, 1gG, IgM, TCA and ACA than animals
reared with MR or CM at 3 d and 5 d. However, during the weaning, these differences
disappeared. At the end of this period, animals reared with MR and CM showed higher
BW than lambs reared with NR (15.28, 16.89 and 17.66 kg in NR, MR and CM groups,
respectively, P<0.05). Moreover, MR and CM groups showed higher IgM
concentrations at the end of this period than NR group (1.05, 1.90 and 1.60 mg/mL in
NR, MR and CM, respectively, P<0.05). The findings showed in this study, may
improve the management in sheep farms, reducing the expenses of the artificial rearing

systems and, consequently, increasing the economic benefits of the sheep producers.

Keywords: Chitotriosidase, Immunity, lamb, whole powdered cow milk, weaning
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INTRODUCTION

Newborn ruminants have three critical periods related to their immune system in the
first month of life: colostrum intake, milk feeding, and weaning. The management in
these periods affects the final animal performances (Marsico et al., 1993; Massimini et

al., 2007; Mastellone et al., 2011).

Nowadays, there is an increasing number of high production dairy farms, in which
artificial rearing is chosen in order to increase the amount of sheep milk available for
processing (cheese, yogurt) (Demiroren et al., 1995; Napolitano et al., 2008) and
simplifying management (Emsen et al., 2004). In this system, lambs are separated from
dams at early age (0-2 d) and then, they are fed with a milk replacer. The milk feeding
period is an important stage in the newborn lamb because milk is the only energy source
for these animals. Furthermore, in order to achieve an optimum performance, it has been
recommended to feed lambs with milk replacers formulated specifically for them
(Frederiksen, 1980), which are mainly based on cow milk, cereals and vegetable fats
(Bafion et al., 2006). However, milk replacer for lambs is usually considerably more
expensive than high quality calf milk replacer or even whole powdered cow milk for

human consumption (in some regions).

Weaning is a critical phase in domestic ruminant production, mainly because any
change produced in feeding strategies (frequency and composition) can be perceived as
a stressor in preweaning ruminants. Weaning is well known to increase susceptibility to
a variety of infectious diseases in ruminants due to the attenuation of the immune
system under high stress conditions, such as diet changes (Sowinska et al., 2001;

Hickery, 2003). For this reason, there is an increasing interest in finding effective
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dietary stress reducers and immune enhancers that may improve the disease resistance

in weaning ruminants (Kwon et al., 2011).

The immunoglobulin plasma concentration (IgG and IgM, mainly) is probably the most
important humoral immune parameter, being deeply studied in lambs (Klobasa and
Werhahn, 1989; Mukkur et al., 1998; Hashemi et al., 2008); however, there are other
immune components, such as the Chitotriosidase (ChT) activity and the Complement
System activity, that play a fundamental role in the innate immune response, acting as a
part of the host defense in newborn ruminants. Chitotriosidase is predominantly a
secretory protein that is able to hydrolyze chitin in the cell wall of fungi and nematodes
(Barone et al., 1999). This enzyme is a functional chitinase with high homology to
chitinases that belong to family of 18 glycosyl hydrolases. Chitotriosidase has an
important relation with the host defense and for this reason it has been investigated in
humans (Musumeci et al., 2005) and goats (Arglello et al., 2008a; Hernandez-
Castellano et al., 2011; Moreno-Indias et al., 2012c), being this enzyme has never been

described in sheep or lambs .

The Complement System activity (Total (TCA) and Alternative (ACA) pathways) is
involved in specific and nonspecific immunity, playing an important role in defense
mechanisms against infectious microorganisms (Rodriguez et al., 2009), being one of
the first immune barriers to pathogens (Petrova and Mehta, 2007). The Complement
System in mammals has been well described, particularly in humans and mice, but it has
been also examined in ruminants, such as cows and goats (Mayilyan et al., 2008;

Moreno-Indias et al., 2012a; Moreno-Indias et al., 2012c). However, there are few

studies about the Complement System activity in sheep and lambs.
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The aim of the present study was to analyze the effect of diet (sheep milk-NR, milk
replacer-MR and whole powdered cow milk-CM) on the BW evolution, the IgG and
IgM blood concentration and the ChT and Complement System activity during milk

feeding period and weaning.

MATERIAL AND METHODS
The present study was performed in the Department of Animal Science of the
Universidad de Las Palmas de Gran Canaria in Canary Islands (Spain) on 60 lambs (30
males and 30 females) of Canary breed. Animal procedures were approved by the

Ethical Committee of the University.

Colostrum Period

At birth, animals were randomly divided in three different groups according to diets
(NR, MR and CM). The NR group was composed of 20 lambs that were fed colostrum
directly from their dams. The other 40 lambs were artificial reared without dam contact.
The MR and CM animals received a pool of fresh sheep colostrum that was previously
pasteurized at 63°C for 30 minutes according to Trujillo et al. (2007). Because no
recommendation about the requirements of colostrum 1gG/BW in artificially reared
lambs was found in the literature, lambs received 4g of 1gG/Kg of BW during the
colostrum period (0-2 d after birth), according to recommend concentration for goat
kids (Castro et al., 2005a). Sheep colostrum IgG concentration was determined using a

commercial ELISA kit (Bethyl laboratories, Montgomery, TX, USA), using purified

sheep 1gG (Bethyl laboratories, Montgomery, TX, USA) for the standard curve.
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Milk Feeding Period

The NR group was raised with unlimited access to their dams until weaning period.
Ewes were not milked during this period. After colostrum period, the other 40 lambs
were randomly allotted into two artificial rearing groups: one of them received a
commercial milk replacer at 16% (w/w; MR group, Bacilactol Corderos y Cabritos,
Saprogal, La Corufia, Spain; 95.5% DM, 23.6% CP and 22.7% ether extract, air-dry
powder basis), and the other one received whole powdered cow milk for human
consumption at 16% (w/w; CM group, whole powdered milk, Arla foods, Denmark;
97% DM, 27% CP, 28% ether extract, air-dry powder basis). Both groups were fed ad

libitum (37°C), using nipple buckets twice a day (8:00 a.m. and 05:00 p.m.).

Weaning Period

Animals started the weaning period when they reached 10 Kg of BW. During the
weaning period (30 d) the three studied groups had free access to starter feed (18% CP
and 3.4% ether extract), alfalfa hay and water. The NR lambs were removed from dams
and placed in a pen. Ewes were milked during the whole weaning period once daily
(09:00 a.m.). During the first wk, lambs had access to ewes twice daily (10:00 a.m. after
milking, and 05:00 p.m.), reducing this access to once a day (05:00 p.m.) during the
second wk, and thereafter, lambs had no more access to ewes. The MR and CM groups
were fed with half a liter of the selected diet twice a day during the first wk (10:00 a.m.
and 05:00 p.m.), reducing to once daily at the second wk (05:00 p.m.). During the rest

of the period animals received neither cow milk nor milk replacer.
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BW and sample collection

During the milk feeding period, blood samples were taken at 3 d, 5 d and 20 d after
birth. Another sample was collected when animals reached 10 Kg of BW. During the
weaning period, samples were obtained every 5 days until the end of the experiment.
Animals were weighed before blood extraction (MOBBA, Barcelona, Spain; accuracy,
5g). Blood samples were taken before feeding from the jugular vein in 2.5 mL tubes
with EDTA. After that, blood was centrifuged at 2190 g for 5 minutes at 4°C (Hettich-

Zentrifugen, Universal 32 R, Germany), storing the plasma at -80° C until analysis.

To determine plasma IgG and IgM concentrations, a commercial ELISA kit (Bethyl
Laboratories, Montgomery, TX, USA) was used, setting a purified sheep 1gG and IgM
as a standard reference. Results were expressed in mg of immunoglogulin/mL of

plasma.

Chitotriosidase activity was measured following the procedure described by Argtello et
al. (2008a). In this procedure, 1 pL of undiluted blood plasma with 100 uL of a solution
containing 22 mM artificial substrate (4-methylumbelliferyl-d-N, N’, N”
triacetylchitotriose) in 0.5 M citrate phosphate buffer (pH 5.2) was incubated for 15 min
at 37°C. The reaction was stopped with 5 mL of 0.5 M Na,CO3;-NaHCOj3 buffer (pH
10.7). Fluorescence was measured using a fluorimeter (Perkin Elmer, Norwalk, CT) set
to an exictation at 365 nm and emission at 450 nm. The ChT activity was expressed as

nanomoles of substrate hydrolyzed per milliliter per hour.

Complement System activity (TCA and ACA) was measured using a novel technique

described by Moreno-Indias et al. (2012b). A DGHB™" buffer [Hepes Gelatin Veronal
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Buffer with Ca™ and Mg™": 5 mM HEPES, 71 mM NaCl, 0.15 mM CaCl,, 0.5 mM
MgCl,, 2.5% (w/v) glucose, 0.1% (wi/v) gelatin, pH 7.4] was used to measure the total
Complement System activity, and DGHB-Mg-EGTA buffer [4.2 mM Hepes, 59 mM
NaCl, 7.0 mM MgCl,, 2.08% (w/v) glucose, 0.08% (w/v) gelatin, 10 mM EGTA, pH
7.4] was used to measure the alternative pathway. For total Complement System
activity, rabbit red blood cells and lamb plasma were both diluted to 5% in DGHB™™;
100 pL of each was then mixed in a microtiter plate and incubated at 37°C for 1 h. Cells
were removed by centrifugation (2500 x g, 5 min, 4°C), and supernatant absorbance was
measured at 405 nm using a microplate reader. Complete hemolysis was achieved by
mixing the cells with distilled water (100 pL), and spontaneous lysis was produced by
mixing the diluted rabbit red blood cells with DGHB™*. Complement-induced hemolysis
of rabbit red blood cells by the test sera was calculated using the formula: [(A405
sample — A405 spontaneous lysis) / (A405 complete hemolysis — A405 spontaneous
lysis)] x 100. The same protocol was performed with DGHB-Mg-EGTA buffer to

measure the alternative pathway.

Statistical analyses

Statistical analyses were performed using SAS, Version 9.00 (SAS Institute Inc., Cary,
NC). The SAS PROC MIXED procedure for repeated measures was used to evaluate
the effect of the milk source (NR, MR, CM) on BW evolution, IgG and IgM
concentration, ChT and Complement System activity during milk feeding and weaning

period. A Tukey’s test was used to evaluate differences between groups.
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RESULTS AND DISCUSSION
Table 1 shows the results of BW, IgG and IgM concentration, ChT activity, TCA and
ACA during the milk feeding period. In reference to BW evolution, all the studied
groups increased their initial BW at 3 d after birth; although differences between groups
where observed. Sheep milk group showed the highest BW at 3 d, 5 d and 20 d after
birth (4.95, 5.43, 8.96 kg, respectively). Due to the similar BW at birth between groups
(4.15, 4.35 and 4.46 kg in NR, MR and CM groups, respectively), differences between
NR and the other two groups could be related to factors associated with the increase of
suckling frequency in animals reared in the NR group (Lanza et al., 2006). As it has
been studied by Rodriguez et al. (2008), lambs that are reared under restricted
conditions presented lower ADG (253 g/d) than animals that were raised with their
dams (307 g/d). Baumrucker and Blum (1993) found that dam’s milk has a growth
promoter that is not present in milk replacers, which could explain the higher BW in NR
lambs. In agreement with these findings, Arglello et al. (2004a) obtain heavier goat kids
in a natural rearing system than goat kids fed with milk replacer. However, when MR
and CM groups were compared, no differences due to the diet were observed during this

period.

Focusing on the 1gG concentrations, all animals decreased the 1gG concentrations in
blood from 3 d until 5 d after birth. In the NR group, 1gG concentrations also decreased
at 20 d (6.47 mg/mL) and at the end of the period (5.22 mg/mL). On the other hand, 1gG
concentrations in MR and CM groups remained similar at 20 d (3.15 and 4.44 mg/mL in
MR and CM groups, respectively), but decreased at the end of the milk feeding period

(2.78 and 2.88 g/mL in MR and CM groups, respectively). The highest I1gG

concentrations were obtained by the NR lambs throughout the studied period, probably




Chapter 3

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

because of the unrestricted amount of colostrum ingested. In agreement with these
results, Altiner et al. (2005) described that lambs reared with their dams obtained higher
IgG concentrations in blood than lambs reared with milk replacer. Nevertheless, Firat et
al. (2003) found no differences in the milk feeding period, between lambs that received
a similar colostrum intake and lambs raised under natural and artificial conditions,
obtaining higher 1gG concentrations than the results showed in this study. On the other
hand, comparing both artificial rearing groups (MR and CM), show that no differences
were observed in IgG concentrations during the whole studied period. To the best of our
knowledge, no references about the immune evolution due to the different milk sources
used in artificial rearing has been found in lambs, moreover, Moreno-Indias et al.
(2012b) did not find any difference in 1gG concentration between goat kids artificial
reared with fresh goat milk or cow milk. These results support the idea that there were
no differences between lambs reared with MR or CM on blood 1gG concentrations,
although higher 1gG values were obtained in the NR group, probably produced by the

higher colostrum intake of this last group.

The NR group obtained the highest IgM concentration at 3 d after birth (1.32 mg/mL),
decreasing at 5 d and 20 d and remaining constant until the end of the milk feeding
period (0.98, 0.71 and 0.78 mg/mL, respectively). A different evolution was observed in
MR and CM groups, whereas the IgM concentration decreased at 5 d (0.41 mg/mL in
both MR and CM) and kept constant at 20 d (0.50 and 0.39 mg/mL, respectively),
increasing and obtaining the highest value at the end of the milk feeding period (0.82
mg/mL and 0.65 mg/mL in MR and CM, respectively). According to findings observed

by Nonnecke et al. (2012) in colostrum-fed and colostrum-deprived calves, animals fed

with colostrum showed a rapid increase of serum IgG and IgM concentrations after
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colostrum intake, decreasing these concentrations with age. The colostrum-deprived
calves, in contrast, had very low or undetectable serum IgG and IgM concentrations,
followed by an age-related increase of IgG and IgM concentrations, suggesting
endogenous production of these immunoglobulins. Although in the present study this
evolution was only observed in IgM concentrations, it has been described that IgM is
the first immunoglobulin produced by the organism (Ehrenstein and Notley, 2010). The
NR group registered higher IgM concentrations at 5 d (0.98 mg/mL) and at 20 d (0.71
mg/mL) than the MR and CM groups at the same time. As it was described before, the
unrestricted access of the NR group to colostrum could produce a higher IgM
concentration in blood. At the end of this period, no differences were observed between
groups. No differences between MR and CM were detected during the whole milk
feeding period. Moreno-Indias et al. (2012b) did not observed differences, due to the
milk source (Goat milk and cow milk) in goat kids reared under an artificial rearing
system from partum to 35 d of life. In this study, no differences in blood IgM
concentrations were observed between NR, MR and CM diets at the end of this period,

although NR group showed higher IgM concentrations at 5 d than the other two groups.

Chitotriosidase activity remained constant from 3 d after birth to the end of this period
in the three studied groups. Moreover, even a punctual exception was found at 20 d; no
differences were found between different groups in this period. The ChT activity is
related to the immune status of animals; however there are no studies that have
described this enzyme in sheep. In goat kids similar values to these results were
reported by Rodriguez et al. (2009), who similarly demonstrated that ChT activity in

goat kids does not vary with age during the first 5 d of life. A similar evolution was also

described by Moreno-Indias et al. (2012b), although higher values than present results
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were described, concluding that the diet and the time after birth affected plasma ChT
activity. In this study, milk source (NR vs. MR vs. CM) did not affect the plasma ChT

activity in the milk feeding period.

Complement System activity (TCA and ACA) increased until the end of this period in
the three studied groups, following a similar evolution previously observed by Oswald
et al. (1990) in lambs and by Castro et al. (2008) in goat kids. As described by these last
authors, during this period ACA seems to be the most important pathway in the three

studied groups.

Complement System activity (TCA and ACA) was higher in NR than in MR and CM at
3d, 5dand 20 d after birth. Conversely, at the end of the milk feeding period,
differences between groups were only observed for ACA, NR being higher than MR or
CM groups. Oswald et al. (1990) described the evolution of the Complement System
activity (TCA and ACA) in lambs, showing that the great increase of the Complement
System activity after birth may be explained by the passive transfer of Complement
factors from colostrum. As the NR group received an unrestricted amount of colostrum
and milk, lambs from this group could absorb a higher amount of complement factors
than lambs from MR and CM groups, as it has been observed in newborn goat kids
(Castro et al., 2008). In agreement with this study, no differences in TCA and ACA
were observed by Moreno-Indias et al. (2012b) in goat kids fed under artificial rearing
system with goat milk and CM. Results in the present study showed no differences in
the Complement System activity (TCA vs. ACA) between MR and CM groups.

However, NR used to display higher TCA and ACA percentages than MR and CM

groups in this period.
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Table 2 shows the values of BW, IgG and IgM concentrations, ChT activity, TCA and
ACA during the weaning period. Increases in BW during this period were observed in
the three experimental groups. However, at the end of the weaning period (30 d),
animals from MR and CM groups were heavier (16.89 and 17.66 kg in MR and CM
group, respectively) than the NR group (15.28 kg). It has been described by Napolitano
et al. (2002) that lambs raised with dams suffer a higher stress in the weaning period
than animals from artificial rearing, resulting in a decrease of the growth rate. Present
results showed that there were no differences in the final BW obtained at the end of the

weaning period in MR and CM groups, both of them being higher than the NR group.

During this period there were no important variations in 1gG levels in the three groups
(NR, MR and CM), however all groups experienced a slightly higher blood I1gG
concentration at the end of this period. When differences between groups were
established, it was found that the NR group presented higher IgG concentrations in
blood (5.22 mg/mL) than the MR and CM group (2.78 and 2.88 mg/mL, respectively) at
the beginning of this period (0 d). No IgG concentration differences between MR and
CM groups were observed at the same time. However, during the rest of the period,
differences between groups were not found, probably due to the combination of food
restriction and dam separation stress that was present in the NR group. It has been
demonstrated that stress produces a decrease of IgG and IgM concentrations in blood
(Matos-Gomes et al., 2010). Additionally, the increase of 1gG shown in the MR and CM
groups, could suggest the beginning of the endogenous immunoglobulin production by
these animals. This stress likely reduced the rate of IgG blood concentration increase in

NR group as compared to the other two studied groups. In contrast of these findings,

Rhind et al. (1998) found that weaning at 4 months of age determined increased plasma
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cortisol concentrations, but did not affect the immune response of lambs. Results in the
present study showed that milk source (NR vs. MR vs.CM) seems to have no

remarkable effects on the evolution of 1gG concentration.

In reference to the blood IgM concentration, the NR group expressed an increase of this
immunoglobulin from the beginning of this period (0.78mg/mL) until 15 d (1.02
mg/mL) when the maximum value was obtained, remaining at this level until the end of
weaning. A similar evolution was followed by MR and CM groups, but their
concentrations increased from the beginning (0.82 mg/mL and 0.60 mg/mL in MR and
CM groups, respectively) to the end of the weaning period (1.90 mg/mL and 1.60
mg/mL in MR and CM groups, respectively). When IgM concentrations between groups
(NR, MR, and CM) were compared, no differences were detected at the beginning of
the weaning period (0.78 mg/mL, 0.82 mg/mL and 0.60 mg/mL, respectively), however
in spite of the increase of IgM concentration observed in all groups along this time, the
increasing rate was different and for this reason at the end of this period, animals from
MR and CM groups obtained a higher IgM concentration (1.90 mg/mL and 1.60
mg/mL, respectively) than the NR group (0.95 mg/mL). As it has been described before,
the higher stress level suffered by lambs from the NR group could possibly affect the
IgM differences between groups at the end of the weaning period. These results showed
that animals from the NR group had a lower IgM concentration than the the MR and
CM groups. Moreover, there were no differences in IgM concentrations between

animals reared with MR or CM.

The ChT activity increased in the NR group at 15 d (1511.25 nmol/mL/hr). However,

this activity abruptly decreased at 20 d (1194.85 nmol/mL/hr), remaining at this level
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until the end of weaning period. On the other hand, MR and CM showed an increase of
the ChT activity in this period. The observed reduction by the NR group was probably
because it was at this time when animals stop the milk feeding, that also means the stop
of dam contact in case of NR group. As it has been described before (Napolitano et al.,
2002; Matos-Gomes et al., 2010), the combination of both stressors could produce a
decrease of immune components, such as ChT activity. On the other hand, when
experimental groups were compared, no differences were observed during the weaning
period. These results reveal that, in general, ChT activity was not affected by the milk

source (NR vs.MR vs. CM) during the weaning period.

In general, the Complement System activity (TCA and ACA) increased in the three
studied groups during the weaning period. As previously observed in the milk feeding
period, ACA seems to be the most important Complement System pathway at this time.
Moreover, no differences were observed between groups during the whole period. There
are few references about the Complement System activity during weaning not only in
lambs, but also in ruminants (cow, sheep and goat). Nevertheless, Oswald et al. (1990)
described the Complement System activity (TCA and ACA) in lambs during a similar
studied period, showing a similar evolution to present results, although different values
were described, probably due to the differences between analytical techniques used.
According to the results showed in the present study, Complement System activity

(TCA and ACA) was not affected by any of the diets used in this study (NR vs. MR vs.

CM).
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CONCLUSIONS
In the present study lambs reared under a natural rearing system showed, in general,
higher BW and immune parameters than lambs reared under artificial systems with
different milk sources during the milk feeding period. However, it is interesting to
highlight that during the weaning period, animals from both artificial rearing groups
compensated for these differences. For this reason, at the end of the studied period MR

and CM groups showed a higher BW than NR group.

These findings may improve the dairy sheep management, reducing the expenses of the
artificial rearing system and, consequently, increasing the economic benefit for sheep

farmers.
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ABSTRACT

The aim of this study was to investigate the BW and immune status of lambs reared
under natural conditions and lambs reared under artificial conditions fed with two
different colostrum amounts (4 g/kg of BW and 8 g/kg of BW of 1gG). In this study 60
lambs were randomly divided according to treatment. Twenty lambs remained with their
dams (NR group). Forty lambs were removed from their lambs at birth and were bottle
fed with 4 g/kg of BW (C4 group) or 8 g/kg of BW of 1gG (C8 group). Blood plasma
samples and BW recording were done before feeding. Blood plasma was used to
determine the immunoglobulin concentration (IgG and IgM) and the Complement
system activity (Total and Alternative pathways). Lambs from NR group showed higher
BW than C4 and C8 groups during milk feeding period, while those groups had higher
BW than NR group at the end of weaning period (15.28, 16.89 and 16.95 kg in NR, C4
and C8 groups, respectively, P<0.05). With reference to immune parameters, C8 and
NR groups had higher plasma IgG and IgM concentration than C4 group during milk
feeding period (P<0.05). Addtionally, C4 and C8 groups showed a similar IgG
concentration and higher IgM concentration than NR group at the end of weaning
period (P<0.05). Complement system activity was higher in NR group than in C4 and
C8 groups during the first 3 days after birth (P<0.05). As a conclusion, lambs fed with
the amount of colostrum equivalent to 8g of 1gG/ kg of BW showed similar immune
parameters than lambs from NR group getting a better BW at the end of the weaning

period.

Keywords: Immune, lamb, colostrum, weaning, artificial rearing.
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INTRODUCTION

The relation between colostrum and the survival of newborn ruminants has been long
characterized (Argtello et al., 2004b; Castro et al., 2005b; Castro et al., 2009; Castro et
al., 2011). In fact, colostrum contains a complex mixture of proteins that actively
participate in the protection of the dam and the neonate (Passive Inmune Transfer; PIT)
against pathogens and other post-partum environmental challenges (Bendixen et al.,
2011). Moreover, colostrum contains diverse components, such as fat, lactose, vitamins

or minerals that have a high nutritional importance (Ontsouka et al., 2003).

In particular, colostrum plays an important role in newborn lambs, because they are
born hypo gammaglobulinemic, due to the complexity of the synepitheliochorial
ruminant placenta which does not allow a sufficient transfer of immunoglobulins from
the dam to the foetus (Castro et al., 2009). Additionally, it has been described that lambs
which are not fed with colostrum in the first hours of life are more susceptible to
diseases and mortality (Ahmad et al., 2000; da Nobrega et al., 2005; Nowak and

Poindron, 2006).

Nowadays, there are an increasing number of high production dairy farms, where lambs
are reared under an artificial feeding system. In those cases, lambs are bottle-fed with
colostrum and milk replacer in order to increase the amount of milk available for
processing (cheese, yogurt) (Demiroren et al., 1995; Napolitano et al., 2008),

simplifying the animal management (Emsen et al., 2004).

It has been described by several authors (Castro et al., 2005b; Morales-delaNuez et al.,
2009; Moreno-Indias et al., 2012b) that goat kids need to be fed with an amount of

colostrum equivalent to 4 gr of 1gG/kg of BW, divided into 3 meals before 48 h after
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birth, in order to make an appropriate PIT. However, no references about the amount of
colostrum required by newborn lambs reared under artificial conditions have been
found. This knowledge has a high relevance on the survival of the lambs during these
first days of life, because it is essential to reach an adequate initial immunoglobulin
concentration on blood (O'Doherty and Crosbhy, 1997; Quigley et al., 2000; Christley et

al., 2003).

The aim of this study was to investigate the BW and immune status of lambs reared
under natural conditions and lambs reared under artificial conditions fed with two

different colostrum amounts (4 g 19G/ kg of BW and 8 g 19gG/ kg of BW).

MATERIAL AND METHODS
The present study was performed in the Department of Animal Science of the
Universidad de Las Palmas de Gran Canaria in the Canary Islands (Spain) on 60 lambs
(30 males and 30 females) from Canary breed. Animal procedures were approved by the

Ethical Committee of the University.

Colostrum and Feeding Period

At birth, animals were randomly divided into three different groups. The natural rearing
(NR) group was composed of 20 lambs which sucked colostrum directly from their
dams. The other 40 lambs were removed from their dams and then divided in 2 blocks
(20 lambs each) according to colostrum feeding treatment (4 g of IgG/ kg of BW and 8
g of 1gG/kg of BW) without dam contact. Each room had central heating conferring a
room temperature of 20°C (approximately) and providing at least 0.3 m? floor space per

lamb. Both artificial rearing groups (C4 and C8) received a sheep colostrum pool that

B
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was previously pasteurized at 63°C for 30 minutes according to Trujillo et al. (2007)and
frozen. Lambs from C4 and C8 groups were bottle fed with a frozen pool of colostrum
at 2, 14 and 24 hours after birth. At the end of the colostrum period lambs from C4
received 4 gr of 19G/kg of BW, according to recommended concentration for goat kids

by Castro et al. (2005b) and C8 group received 8 gr of IgG/kg of BW.

Colostrum 1gG concentration (64.37 mg/mL) was determined using a commercial
ELISA kit (Bethyl laboratories, Montgomery, TX, USA), using a purified sheep 1gG as

the standard curve.

The NR group was raised with dams and had free access to dam milk until weaning
period. After the colostrum period, both artificial rearing lambs (C4 and C8) received a
commercial milk replacer at 16% (w/w; MR group, Bacilactol Corderos y Cabritos,
Saprogal, La Corufia, Spain; 95.5% DM, 23.6% CP and 22.7% ether extract, air-dry
powder basis). These groups were fed ad libitum (37°C), using nipple buckets twice a

day (8:00 am and 17:00 pm).

Weaning Period

Animals from the 3 studied groups were weaned when they reached 10 kg of BW.
During the weaning period, animals had free access to starter feed (18% CP and 3.4%
ether extract), alfalfa hay and water. Lambs from the natural rearing group were
removed from dams and placed in a pen for 4 weeks. Ewes were milked once a day
(09:00 a.m.). During the first week of weaning, lambs had access to ewes twice daily
(10:00 a.m. after milking and 5:00 p.m.), reducing this access to once a day (5:00 p.m.)

during the second week, and thereafter, lambs had no more access to ewes. Artificial
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rearing groups were fed with half a liter of milk replacer twice a day during the first
week (10:00 a.m. and 5:00 p.m.), reducing to once daily in the second week (5:00 p.m.).

During third and fourth weeks, animals did not receive milk replacer.

Weight and sample collection

All experimental animals were weighed before each blood extraction and the results
were expressed in kg (MOBBA, Barcelona, Spain; accuracy, 59). Blood samples were
taken before morning feeding from the jugular vein in 2.5 mL tubes with K3EDTA.
Subsequently, blood was centrifuged at 2190 x g during 5 minutes at 4° C (Hettich-
Zentrifugen, Universal 32 R, Germany), storing the plasma at -80° C until analysis. In
the colostrum and feeding period, blood samples were taken at 2 hours after birth
labeling it as sample 0, and then blood samples were collected at day 1, 2, 3, 4, 5 and 20
after birth. Another sample was taken when each animal reached 10 kg BW. During the
weaning period samples were obtained every 5 days until the end of the experimental

period.

To determine blood plasma IgG and IgM concentration, commercial ELISA kits (Bethyl
Laboratories, Montgomery, TX, USA) were used, using a purified sheep 1gG and IgM

as the standard curve. Results were expressed in mg of immunoglobulin/mL of plasma.

Complement System activity (TCA and ACA) was measured by the hemolytic rate
according to a novel technique described by (Moreno-Indias et al., 2012b) in goat kid
blood plasma. In this technique, a DGHB™ buffer [Hepes Gelatin Veronal Buffer with
Ca™ and Mg™: 5 mM HEPES, 71 mM NacCl, 0.15 mM CaCl,, 0.5 mM MgCl,, 2.5%

(w/v) glucose, 0.1% (w/v) gelatin, pH 7.4] was used to measure total Complement

B
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System activity, and DGHB-Mg-EGTA buffer [4.2 mM Hepes, 59 mM NaCl, 7.0 mM
MgCl,, 2.08% (w/v) glucose, 0.08% (w/v) gelatin, 10 mM EGTA, pH 7.4] to measure
the alternative pathway. For total Complement System activity, rabbit red blood cells
and lamb plasma were both diluted to 5% in DGHB™; 100 pL of each was then mixed
in a microtiter plate and incubated at 37°C for 1 h. Cells were removed by
centrifugation (2,500 x g, 5 min, 4°C), and supernatant absorbance was measured at 405
nm using a microplate reader. Complete hemolysis was achieved by mixing the cells
with distilled water (100 pL), and spontaneous lysis was produced by mixing the diluted
rabbit red blood cells with DGHB™". Complement-induced hemolysis of rabbit red
blood cells by the test sera was calculated using the formula: [(A405 sample — A405
spontancous lysis) / (A405 complete hemolysis — A405 spontancous lysis)] x 100. The
same protocol was performed with DGHB-Mg-EGTA buffer to measure the alternative

pathway.

Statistical analyses

Statistical analyses were performed using SAS, Version 9.00 (SAS Institute Inc., Cary,
NC). The SAS PROC MIXED procedure for repeated measurements was used to
evaluate the effect of colostrum IgG intake (NR, C4 and C8) on plasma IgG and IgM
concentration, Complement System activity and BW evolution of lambs from birth to

weaning. A Tukey’s test was used to evaluate differences between groups.

RESULTS AND DISCUSSION

Colostrum and Milk Feeding Period

Table 1 compiles data about BW, IgG and IgM concentration and Complement System
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activity in NR, C4 and C8 groups during the milk feeding period. Focusing on BW
evolution, NR group values increased during the whole period, however BW in C4 and
C8 remained constant during the first 5 days after birth, increasing at day 20 and at the
end of this period. When NR, C4 and C8 were compared, no differences were observed
in any group at birth; however NR showed higher BW than C4 and C8 during the rest of
the period until they reached 10 kg (end of milk intake period) and started the weaning
period. Differences observed between groups could be related to the amount of
colostrum and amount and quality of milk consumed. As has been described in lambs
by several authors (Murphy et al., 1994; Napolitano et al., 2002), food restriction could

reduce the average daily gain of animals from C4 and C8, resulting in a lower BW.

With reference to 1gG concentration, all groups (NR, C4 and C8) had a very low IgG
concentration in blood plasma at birth, probably from maternal origin through the
placenta, as has been referenced by Castro et al. (2011). This concentration rapidly
increased in NR, C4 and C8 groups after colostrum intake, obtaining the highest
concentration in blood plasma at 1-2 days after birth (16.80, 6.45 and 17.73 mg of
IgG/mL, respectively, P<0.05). After these days, IgG concentration continuously
decreased until the end of the milk feeding period (5.22, 2.18 and 5.62 mg of IgG/mL,
respectively, P<0.05). No differences were observed between groups at birth; however,
during the rest of the period, IgG concentration was lower in lambs from C4 group than
those from NR and C8 groups. Moreover, no differences were observed in 1gG
concentration between NR and C8 group during this period. In contrast to these
findings, Firat et al. (2003) appreciated differences in the milk feeding period between
lambs raised under natural and artificial conditions, describing that lambs raised under

artificial rearing system had generally lower plasma 1gG levels than lambs raised under

™
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natural conditions. However, these authors used a commercial colostrum supplement to
feed lambs under artificial rearing system, this fact being, as the authors suggested, the
main reason that could affect the immune concentration in blood. Additionally, when
only artificial rearing groups (C4 and C8) were compared, it was noted that plasma 1gG
concentration did not linearly increase according to colostrum IgG concentration,
showing that the C8 group had approximately 3 times higher plasma values than C4
group. A similar non-linear absorption has been observed in lambs (Halliday and
Williams, 1979), goat kids (Castro et al., 2005b; Rodriguez et al., 2009) and calves
(Muller and Ellinger, 1981; Quigley et al., 2002b). In contrast to these findings, Stott
and Fellah (1983) have observed how an increase of the total amount of IgG present in
colostrum intake, linearly increased the plasma IgG concentration in calves. However,
both views agree that an increase in the amount of 1gG intake through colostrum
produces an increase of plasma IgG in newborn ruminants. This fact could explain the

higher 1gG concentration showed by lambs from C8 compared with lambs from C4.

A similar evolution was observed in the case of IgM concentration in blood, although
this immunoglobulin was not detectable at birth in any of the studied groups. A rapid
increase of IgM in blood plasma was produced in NR, C4 and C8 at 1-2 days after birth
(1.63, 0.35 and 2.84 mg of IgM/mL, respectively, P<0.05) because of the colostrum
intake. Although, C8 group was fed with a double amount of colostrum than C4 group,
IgM concentration was proportionally much higher in C8 group than C4 group during
these days. After that, IgM concentration in blood plasma decreased until the end of the
milk feeding period in NR and C8 groups. However, C4 group increased IgM
concentration at 20 days and at the end of the milk feeding period. According to

findings, Nonnecke et al. (2012) working with colostrum-fed and colostrum-deprived
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calves, observed that animals fed with colostrum showed a rapid increase of plasma 1gG
and IgM concentrations after colostrum intake, decreasing these concentrations with
age. The colostrum-deprived calves, in contrast, had very low or undetectable plasma
IgG and IgM concentration, followed by an age-related increase of IgG and IgM
concentration, suggesting endogenous production of these immunoglobulins. In the
present study, although this evolution was only observed in IgM concentration, it has
been described that IgM is the first immunoglobulin produced by the organism
(Ehrenstein and Notley, 2010). When differences between groups were analyzed, it was
noticed that C8 group reached a higher IgM concentration at 1-3 days (2.84, 2.58 and
1.83 mg of IgM/mL, respectively, P<0.05), than NR group (1.63, 1.24 and 1.19 mg of
IgM/mL, respectively, P<0.05) and finally the lowest IgM concentrations were obtained
by C4 group (0.35, 0.47 and 0.45 mg of IgM/mL, respectively, P<0.05). No references
have been found about the IgM absorption rate in lambs; however it could be suggested
that, as in the case of IgG, IgM does not follow a linear absorption in relation with the
amount of IgM given to lambs. Additionally, no differences between groups were
observed at 20 days and at the end of the milk feeding period. As was described above,
the endogenous production of IgM by the C4 group related with the deficient colostrum
intake, could produce the increase of IgM concentration in this group, and in

consequence, obtain similar results to NR and C8 groups at that time.

Even the evolution of Complement System activity showed that all groups did not show
any detectable activity at birth, it did, however increase in NR, C4 and C8 during the
whole studied period, although a different rate was observed. In the case of NR group,

lambs showed an earlier Complement System activation, being higher than C4 and C8

at days 1-3.
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Despite that colostrum freezing for storage does not affect immunoglobulin
concentration in newborn ruminants (Holloway et al., 2002; Argtiello et al., 2003), other
colostrum components could be affected by the freezing process (Ramirez-Santana et
al., 2012) . As was described before, C4 and C8 groups were fed with colostrum from a
frozen pool that may produce a reduction in some Complement components present in
colostrum. Moreover, dam milk contains some Complement System components that
are not present in milk. In a similar way, Castro et al. (2008) showed the importance of
dam milk in the earlier Complement System activation compared to milk replacer
feeding. Nevertheless, no differences were observed between C8 and NR groups at day
4, showing that C8 group had an earlier Complement System activation than C4,
perhaps because of the higher amount of colostrum received in C8 group. This fact may
produce an earlier activation because it has been described that colostrum contains high
amounts of Complement System components (Wheeler et al., 2007). However, even
lambs from C4 group showed lower TCA and ACA during most of this period, no
differences between groups were observed at the end of the milk feeding period.
Additionally, ACA seems to be the most important pathway in the three groups, as was

described by Castro et al. (2008) in newborn goat kids.

Weaning period

Table 2 shows the BW, 1gG and IgM concentration and Complement System activity in
NR, C4 and C8 groups during the weaning period. With reference to BW, NR, C4 and
C8 groups increased their BW during this period. No differences were observed
between groups, however lambs from C4 and C8 showed a higher BW than lambs from
NR group at day 25 (15.72, 15.63 and 14.62 kg, respectively, P<0.05) and day 30

(16.89, 16.95 and 15.28 kg, respectively, P<0.05). It has been described by Napolitano
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et al. (2002) that lambs raised with dams suffer a higher stress by separation during the
weaning period than animals from artificial rearing system, resulting in a decrease of the

growth rate.

Regarding 1gG concentration, NR and C8 showed slight decreases in this
immunoglobulin concentration in plasma in some specific moments of weaning.
However, both groups showed an increase of these values at the end of this period (30
days). In contrast, the values from C4 group never decreased, reaching the maximum
value at 30 days. Regarding to differences between groups, NR and C8 group exhibited
higher values than animals from the C4 group at the beginning of weaning period (5.22,
2.78, 5.62 mg/mL in NR, C4 and C8, respectively, P<0.05). These differences may
probably be due to the lower colostrum amount given to lambs from C4 group, those
consequences persisting until that time. However, no differences between groups were
observed during the rest of the weaning. As was described above, the reduction of
colostrum intake in C4 could produce an earlier IgG synthesis than in NR and C8 as was
described by Nonnecke et al. (2012). This fact could explain the increase of IgG in

lambs from N4 group during this period.

Conversely to the evolution observed in IgG concentration, IgM constantly increased in
NR, C4 and C8 groups during the whole period. At the beginning of weaning (0 and 5
days), no differences were perceived between groups, probably because at that time
animals were able to produce the earliest immunoglobulin synthesized by the young
immune system (Ehrenstein and Notley, 2010). Additionally and in spite of no
differences being observed between groups at 15 days, C4 and C8 showed higher values

than NR group during the rest of the period. It has been demonstrated that stress

B
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produces a decrease of IgM concentration in blood (Matos-Gomes et al., 2010). The
combination of food restriction and dam separation stress that was present in the NR
group could probably produce these differences between groups during the last part of

the weaning period.

Relating to the evolution of Complement System activity (TCA and ACA) observed in
NR, C4 and C8 groups during the weaning period, all groups increased both
Complement System pathways during this period, although different increase rates were
observed in the studied groups. In relation to differences between groups, C8 used to
show higher Complement System activity (TCA and ACA) than NR and C4 during the
whole period. However, at the end of the weaning period, all the studied groups showed
a similar TCA (65.06, 60.05 and 78.10 % of hemolysis in NR, C4 and C8, respectively,
P<0.05) and ACA (55.40, 50.77 and 64.65 % of hemolysis in NR, C4 and C8,
respectively, P<0.05). Unfortunately, the Complement System activity during weaning
has not been described only in lambs, but also in ruminants (cow, sheep and goat).
Nevertheless, Oswald et al. (1990) described the Complement System activity (TCA
and ACA) in lambs, showing a similar evolution to present results, although different
values were described, probably due to the differences between analytical techniques

used.

CONCLUSION
In this study, lambs that received 8 g of 1gG/ kg of BW (C8 group) were able to reach
similar 1gG and higher IgM concentration in blood than lambs reared under natural
conditions (NR group) during the first days after birth. However, NR group obtained

higher Complement System activity than any of the other groups (C4 and C8) in the
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same period. During weaning, both artificial rearing groups (C4 and C8) showed a
higher BW and IgM and a similar 1gG concentration and Complement system activity

than lambs reared under natural conditions.

This study reveals important information about the amount of colostrum that needs to be
given to newborn lambs reared under artificial conditions in order to reach similar

immune values to those reared under natural conditions.
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Abstract

Colostrum intake by newborn lambs plays a fundamental role in the perinatal
period, ensuring lamb survival. In this study, blood plasma samples from two groups of
newborn lambs (Colostrum group and Delayed Colostrum group) at 2 and 14 hours after
birth were depleted of high abundant proteins and analyzed using Two-Dimensional
Differential in Gel Electrophoresis and MALDI MS/MS for protein identification in
order to investigate the expression level of proteins with immune function in newborn
lambs. The results showed that the expression of four proteins was increased in the
blood plasma of lambs due to colostrum intake. These proteins have not been previously
described as increased in blood plasma of newborn ruminants by colostrum intake.
Moreover, these proteins have been described to have an immune function in other
species; some of them were previously identified in colostrum and milk. In conclusion,
the colostrum intake modified the blood plasma low abundant proteome profile of
newborn lambs, increasing the expression of apolipoprotein A-1V, plasminogen, serum
amyloid A and fibrinogen, demonstrating that colostrum is essential, not only for the
immunoglobulins, but also for the supply of several low abundant proteins with novel

roles herein described in sheep.

Keywords: lamb, plasma proteome, immune, colostrum, DIGE
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INTRODUCTION

Colostrum is the first source of nutrition in neonatal ruminants, supplying not
only nutrients, but having also a fundamental biological function, promoting
immunoglobulin transfer from the dam to the newborn. As a consequence, colostrum
intake and colostrum protein absorption play an essential role in passive immune
transfer and ultimately in the newborn survival rate (Stelwagen et al., 2009; Danielsen
et al., 2011). However, the conditions to absorb intact colostrum proteins decrease along
the first 48 hours after birth, being crucial to feed newborn ruminants with colostrum
during this period [1]. On the other hand, it has been described how feeding newborn
ruminants with colostrum with an inadequate Ig”s concentration results in a negative
impact on the economic benefits of farmers and breeders with severe consequences to

animal welfare.

In what concerns colostrum, proteomics has been used to characterize protein
changes in the transition from colostrum to milk in cattle [2,3]. Additionally, the study
of low abundant proteins from different body fluids such as blood plasma, colostrum or

milk is becoming more relevant.

Presently, a wide variety of colostrum and milk bioactive peptides and proteins
have not only been linked to the passive immune transfer, but also promoting

gastrointestinal growth and development of the newborn [4].

In spite of the previous proteomic studies in colostrum and milk, it is still not

fully known which proteins are absorbed or increased in lamb blood plasma due to the

colostrum intake. It is hypothesized that early colostrum fed in newborn lambs modify
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the blood plasma proteome. For this reason, the aim of this study is to analyze blood
plasma low abundance proteins changes in newborn lambs due to the colostrum intake
during the first 14 hours after birth, in order to identify such protein changes. Results
showed in this study can contribute to understand the importance of colostrum on the

passive immune transfer and the lamb immune system development.

MATERIAL AND METHODS

The experiment was approved by the ethics committee of the Faculty of

Veterinary of the Universidad de Las Palmas de Gran Canaria.

Samples Collection

The Canarian dairy sheep breed was used for this experiment. This breed is a
high milk yield breed (1.8 L/d) with a lactation period of 180-200 d [5]. Ewes were fed
with corn, soy 44 (crude protein 44 per cent), dehydrated lucerne, dehydrated beetroot,
lucerne hay and a vitamin-mineral supplement in accordance with the guidelines issued
by L Institut Nationale de la Recherche Agronomique [6]. Two groups of 6 newborn
male lambs each from single births (Canarian dairy breed) were used in this experiment.
The experiment took place at the experimental farm of the Veterinary Faculty of the
Universidad de Las Palmas de Gran Canaria (Canary Islands, 28° 8' 20.66™ N, 15° 30'
24.97" W, Spain) in spring. Animals were fed with sheep colostrum at different time
points. One group (named Colostrum group; C group) received three colostrum meals,

at 2, 14 and 26 hours after birth. The other group (named Delayed Colostrum group; DC

group) was not fed with colostrum at 2 hours after birth but received two colostrum
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meals at 14 and 26 hours after birth in order to ensure the survival of these animals. At
the end of the colostrum period (26 hours after birth) each animal (from both groups)
was fed with a total volume of colostrum equivalent to 4g of IgG/kg of BW as it has
been described in previous colostrum immune studies [7,8] . The colostrum source was
from a frozen pool with 64.74 mg of Immunoglobulin G (1IgG)/mL. Blood samples were
collected before feeding at 2 and 14 hours after birth using K-EDTA tubes, and the
obtained plasma was frozen at -80°C until further analysis. During this experiment,
lambs were accommodated in artificial rearing rooms, providing at least 0.3 m? floor
space per lamb. Each room had central heating conferring a room temperature of

approximately 20°C.

Blood Plasma IgG and IgM was measured as to determine the presence of
colostrum proteins in lamb plasma from both groups (C group and DC group) at the two
studied times (2 and 14 hours after birth). To determine plasma IgG and IgM
concentration a commercial ELISA kit (Bethyl Laboratories, Montgomery, TX, USA)

was used, setting a purified sheep 1gG and IgM as a standard reference.

Statistical analyses of 1gG and IgM were performed using SAS, Version 9.00
(SAS Institute Inc., Cary, NC). The SAS PROC MIXED procedure for repeated
measurements was used to evaluate the effect of colostrum intake (C group vs. DC
group) at 2 and 14 hours after birth. A Bonferroni’s test was used to evaluate differences

between groups.
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Samples Treatment For Analysis

The proteomic assays were carried out at the Instituto de Tecnologia Quimica e
Bioldgica (Oeiras, Portugal). In order to reduce the high-abundance proteins present in
blood plasma (albumin and immunoblogulins), plasma samples (200uL) were depleted
with a Protein Enrichment Kit (ProteoMiner® Bio-Rad, Hercules, CA, USA) following
the manufacturer’s instructions. Samples were subsequently desalted with 2D-Clean-
up® kit (GE Healthcare, Piscataway, NJ, USA) and quantified with 2D-Quant® kit (GE

Healthcare, Piscataway, NJ, USA) following manufacturer’s instructions.

Two-Dimensional Differential in Gel Electrophoresis (DIGE)

For each DIGE gel, 50 pg of each treated sample was labeled with Cy3 or Cy5
cyanine dyes (GE Healthcare, Piscataway, NJ, USA), whilst the internal standard pool,
created from an equal amount of protein from each studied sample, was labeled with
Cy2 dye. After labeling, samples were mixed with 7M urea, 2M thiourea, 4% (w/v)
CHAPS, 2% (w/v) DTT , 2% (v/v) ampholytes and 0.04% bromophenol blue solution
(1%) up to a final volume of 150 pL. Immobiline DryStrips with pH 3-10 and 24 cm
length (GE Healthcare, Piscataway, NJ, USA) were passively rehydrated with 450 pL of
rehydration buffer (7M urea, 2M thiourea, 4% (w/v) CHAPS and 0.04% bromophenol
blue solution (1%)) for 6 hours at room temperature. Isoelectric focusing was performed
with an Ettan IPGphor 3 Isoelectric Focusing System coupled to a Manifold strip
holding system (GE Healthcare, Piscataway, NJ, USA) following the program: 150V for
3 h, 300V for 3 h, a gradient of 1000V for 6 h, a gradient of 10000V for 1 h and 10000V
for 3 h. Subsequently, strips were equilibrated with 50mM Tris-HCI pH 8.8, 6M urea,

30% (v/v) glycerol, 2% (w/v) SDS and 0.02% bromophenol blue solution (1%), in two

steps of 15 min with 1% (w/v) DTT and 2.5% (w/v) iodoacetamide, respectively.
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After equilibration, second dimension was conducted using 12.5%
polyacrylamide gels on an Ettan Dalt Six electrophoresis system (GE Healthcare,
Piscataway, NJ, USA) using the running conditions recommended by the manufacturer
(1 Wi/gel for 1 h and 2 W/gel for 14-16 h at 12°C) and using low-florescence glass

plates.

Each DIGE gel was scanned with a Fluorescent Image Analyzer (Fujifilm FLA-
5100, Fujifim, Tokyo, Japan), using preferred excitation/emission wavelengths for Cy2,
Cy3, and Cy5 of 488/520, 532/580, and 633/670 nm, respectively, generating images

that were used in gel analysis

Image Analysis

In order to detect differentially expressed proteins, gels were analyzed using
Progenesis SameSpots software (Nonlinear Dynamics, Newcastle upon Tyne, UK)
following manufacturer’s instructions for DIGE gels. Spots with p<0.05 and an intensity
of at least 1.3 fold higher were considered to have significantly different expression

levels.

Visible Gel Staining, Spot Excision and Digestion

In order to excise the selected spots, DIGE gels were stained with Coomassie
Brillant Blue G-250 as previously described by Almeida et al. [9]. Spots were then
manually excised for individual in-gel digestion using trypsin as described by Almeida
et al. [9]. Briefly, spots were washed with 30uL of water for 30 minutes, washed in

acetonitrile (50%), reduced with 10mM DTT at 56°C for 45 minutes, alkylated with

55mM iodoacetamide for 30 minutes, washed in acetonitrile (100%) and vacuum dried
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(SpeedVac®, Thermo Fisher Scientific, Waltham, MA, USA). Gel pieces were
rehydrated with a digestion buffer (50 mM NH;HCOj3 buffer) containing trypsin
(Promega, Madison, W1, USA) and incubated overnight at 37°C. The digestion buffer
containing peptides was acidified with formic acid, desalted and concentrated using C8
microcolumns (POROS R2®, Applied Biosystems, Foster City, CA, USA), as described

by Almeida et al.(2010).

Protein Identification

Protein identification was conducted as described by Marcelino et al. [10].
Briefly protein identification was conducted using a MALDI-TOF-TOF data acquired
with an Applied Biosystem 4800 Proteomics Analyzer (Applied Biosystems, Foster
City, CA, USA) in both MS and MS/MS mode. Positively charged ions were analyzed
in the reflectron mode over the m/z range of 800—3500 Da. Each MS spectrum was
obtained in a result independent acquisition mode with a total of 800 laser shots per
spectra and a fixed laser intensity of 3500 V, being externally calibrated using des-Arg-
Bradykinin (904.468 Da), angiotensin 1 (1296.685 Da), Glu-Fibrinopeptide B
(1570.677 Da), ACTH (1-17) (2093.087 Da), and ACTH (18-39) (2465.199)
(Calibration Mix from Applied Biosystems). Fifteen best precursors from each MS
spectrum were selected for MS/MS analysis. MS/MS analyses were performed using
CID (Collision Induced Dissociation) assisted with air, using a collision energy of 1 kV
and a gas pressure of 1 x 106 Torr. Two thousand laser shots were collected for each
MS/MS spectrum using a fixed laser intensity of 4500 V. The S/N ratio was set at 20 as
recommended by manufacturer. Raw data were generated by the 4000 Series Explorer

Software v3.0 RC1 (Applied Biosystems, Foster City, CA, USA) and all contaminant

m/z peaks originating from human keratin, trypsin autodigestion, or matrix were
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included in the exclusion list used to generate the peptide mass list used in the database

search.

The generated mass spectra were used to search the NCBI predicted protein
database, setting a taxonomical restriction (mammals database). Searches were
conducted using Mowse from MASCOT-demon 2.1.0 Software (Matrix-Science)
algorithm. Protein identifications were accepted if protein score was above a threshold
of 95% (p < 0.05). The interpretation of the combined MS + MS/MS data was carried
out using the GPS Explorer Software (Version 3.5, Applied Biosystems, Foster City,
CA, USA), using the following parameters: missed-cleavage, one; peptide tolerance,

50 ppm; fragment mass tolerance, 0.25 Da; fixed modification, carbamidomethylation
of cysteine; and variable modification, methionine oxidation. From the predicted protein
database, the theoretical molecular mass and pl of the identified proteins was obtained

using the Expasy Mw/pl Tool (http://www.expasy.org/tools/pi_tool.html). The

identified proteins were only considered if a MASCOT protein scores above 61

(p < 0.05) was obtained.

RESULTS AND DISCUSSION

Because the newborn lamb immune system is not fully developed at birth,
colostrum plays a highly relevant role in animal survival. Colostrum intake is necessary
for the onset of a correct passive immune transfer; mainly as it transfers a high amount
of 1g”s. However, there is no information about the relation of the role played on the
passive immune transfer of non-immunoglobulin proteins, i.e. the minor or less

abundant proteins and colostrum intake. In this experiment we have used an approach

based on the analysis of the proteome of depleted plasma from newborn lambs using the
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Proteominer® technology that would allow the removal of the higher-abundance
proteins in the plasma, particularly albumin, 1gG and IgM, followed by a 2-DE DIGE
analysis and protein identification using mass spectrometry. With reference to this topic,
many methodologies can be found in the market, however several authors have
observed better results using ProteoMiner® (Bio-Rad, Hercules, CA, USA) not only in
the removal of high abundance proteins but also in the high concentration and intensity

of low abundance proteins [11,12].

We have nevertheless evaluated the levels of IgG and IgM in non-depleted
plasma samples in order to determine the presence or absence of colostrum proteins in
both groups (C group and DC group) at the two studied times (2 and 14 hours after
birth). Results are shown in table 1 where the concentration of the two 1g”s, expressed in
mg/mL of blood plasma in the two studied groups (C and DC groups) and at 2 and 14
hours after birth is presented. Considering the IgG concentration, at birth (2 hours)
animals from both groups had no detectable (ND) IgG concentration in blood. However,
when both groups were compared at 14 hours, C group had a higher 1gG concentration
than DC group (7.406 mg/mL vs. ND in C and DC group, respectively). A similar
evolution was observed when IgM concentrations were analyzed, showing no
differences in blood plasma concentration of this immunoglobulin at 2 hours after birth
and increasing in the C group at 14 hours after birth. Several authors have observed a
similar evolution in 1g”s level, depending on the total amount of Ig’s present in
colostrum, in newborn blood from lambs [13] calves [14,15] and goat kids [7,16]. As

expected, these results confirm that the presence of colostrum IgG and IgM in the C

group in blood at 14 hours after birth is due to colostrum intake.
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As can be observed in figure 1, a total of 11 spots showing over-expression in
lambs at 14 hours after birth were detected only for the C group. Of the eleven spots, we
were able to identify a total of 7 spots, as presented in table 2. Spots showed in table 2
had a similar value between C and DC group at 2 hours after birth and did not show any
increase between DC group at 2 and 14 hours after birth. The 7 spots were identified as
apolipoprotein A-1V (spots 563,565 and 572), plasminogen (spot 201), serum amyloid
A (spot 726) and fibrinogen gamma chain (spots 475 and 490). These proteins may play
an important role either in the immune-system development or in the immune protection

or even both at the early stages of life.

Apolipoprotein A-1V (Apo A-1V)

The metabolic function of apolipoprotein A-1V (Apo A-1V) has not been fully
established yet, however it has been suggested that Apo A-1V plays an important role at
this early stage of life, modulating the enterocyte lipid transport efficiency in fatty foods
such as colostrum [17]. For this reason, the intestinal synthesis and secretion of Apo A-
IV increases during fat absorption in accordance to Simon et al. [18]. Additionally, Apo
A-1V has antioxidant properties, acts as a postprandial satiety signal, and reduces gastric
acid secretion [17]. An increase in the expression of this protein could be therefore
related to the preservation of the immunoglobulin molecule structure, reducing the
gastric acid secretion in the stomach of the newborn lamb and increasing the total

amount of intact Ig”s absorbed at the intestine level.

Finally, Apo A-IV has been described to have an immunomodulatory effect

against external agents in mice [19], consequently an increase in the blood plasma levels
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of Apo A-1V could also contribute to protect the newborn animal from infections at this

early stage of life.

Plasminogen (PLG)

This glycoprotein is the precursor of plasmin, a fribrinolytic enzyme that plays
an important role in the dissolution of fibrin blood clots in order to prevent thrombosis
[20,21]. Nevertheless, this protein has been identified not only in blood, but also in
colostrum and milk [22]. In bovine, sheep and goat milk, plasmin and plasminogen

forms are also essentially identical to those found in blood [23].

In spite of its main role in the dissolution of fibrin blood clots, it has been also
found that plasminogen is structurally similar to Apo A-1V [24]. This structural
homology endows Apo A-1V with the capacity to bind Fibrin and proteins of
endothelial cells and monocytes, and thereby to inhibit plasminogen binding and
plasmin generation [24], so the presence of this protein in colostrum and the increase of

this protein in blood plasma could thwart the Apo A-IV to bind fibrin in newborn lambs.

Additionally, other authors have observed that plasminogen has immune
activity, as it contributes to the neutrophil migrating to the site of infection [25]. In
agreement with these findings, Theodorou et al. [26] found an increase of plasminogen
concentration in blood and milk during acute mastitis in lactating dairy ewes. As it has

been described before, an increase of this protein promotes the neutrophil migration in

blood, contributing to the immune response against potential infections in the newborn
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lamb; therefore the colostrum intake seems to be an important factor that increases

plasminogen concentration on blood at this stage of life.

Finally, it has been also established that plasminogen participates in the
regulation of cellular apoptosis [27], specifically the apoptosis of adherent cells induced
by disruption of integrin-mediated cell-matrix interactions. This has been described
under physiological conditions, such as the involution of the mammary gland after
lactation and the renewal of intestinal epithelial cells. The apoptotic processes in the
latter tissue is of important relevance in the absorption of Ig”s by newborn ruminants
during the first hours after birth as described by Castro-Alonso et al. [28]. Therefore it
could be assumed that the increase of this protein in blood could delay the decrease of
the apoptosis rate of intestinal epithelial cells during the early stage of life, increasing
the available time for colostrum components absorption, including both Ig’s and other

proteins.

Serum Amyloid A (SAA)

Serum Amyloid A (SAA) is normally found in different isoforms and complexes
with lipoproteins, varying its concentration according to species [29]. SAA represents
one of the most conserved proteins among mammals supporting the premise that it has a
basic and essential role in the innate immune system. Serum Amyloid A is an
apolipoprotein that takes part of the acute phase of inflammation [30-32], although it
has been also identified in colostrum from several species, such as human [33], horse,

cattle and sheep [34,35]. The importance of this protein in inflammatory processes has

been fully monitored, showing that the circulating concentration of SAA protein is
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increased by 1000-fold within 24 to 48 h following infection/inflammation from a basal

level of 5-8 mg/mL [36].

The SAA protein has numerous pro-inflammatory actions: it works as a
chemoattractant to neutrophils, monocytes, and T lymphocytes, causing leukocyte
infiltration and promoting neutrophil adhesion to endothelial cells [37-39] and it
stimulates neutrophils and monocytes to release not only cytokines [40,41], but also
matrix metalloproteinases [42]. According to He et al. [43], these findings suggest a key
function for SAA not only in the establishment, but also in the maintenance of
inflammation, meaning that newborn lambs fed with colostrum at this early stage of life
reports a clear advantage, increasing this protein level on blood, and consequently

producing a more efficient immune status.

Fibrinogen gamma chain (FGG)

The fibrinogen gamma chain (FGG) is one of the three components of
fibrinogen that is the precursor of fibrin, the most abundant component in blood clots.
However, this protein also has a defensive function, as it has been demonstrated that
fibrinogen concentration increases during acute-phase reactions [44,45]. Moreover,
Yamada et al. [46] studied differences in low abundance proteins between cow
colostrum and milk, showing that some of them were only present in colostrum, such as
fibrinogen, which could explain the plasma increase of this protein in animals that were
fed with it. Additionally, several authors have described that fibrinogen can bind to
integrins, that are normally expressed on cells of the immune system, such as

CD11b*/CD18" monocytes [47,48]. The CD11b*/CD18" integrin receptor (aMp2, Mac-

1, complement receptor 3) is a member of the B2 integrin family, which is expressed on
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monocytes and macrophages. When fibrinogen binds to CD11b*/CD18", integrin causes
an extensive array of cell signaling responses, namely the activation of the nuclear
factor kappa-light-chain-enhancer of activated B cells (NF-xB) and mitogen-activated
protein kinase (MAPK) / phosphatidylinositol 3-kinase (P13K). These molecules
mediate adhesion, migration, chemotaxis and phagocytosis [49]. All of these factors
explain the importance of fibrinogen on the immune reaction. Therefore, colostrum
intake produces an increase of fibrinogen in blood plasma resulting in benefit for the

newborn immune system efficiency.

In spite of the great potential of these novel results, this manuscript showed
initial results about the relation between non-immunoglobulin proteins and colostrum
and the passive immune transfer in newborn lambs. Because of the limitations of this
study, further proteomic studies will be necessary in order to increase the general

knowledge about the new roles of colostrum in the passive immune transfer.

CONCLUSIONS

In conclusion, early colostrum intake produced an overexpression of non-
immunoglobulin proteins, such as apoliprotein A-1V, plasminogen, serum amyloid A
and fibrinogen. In addition, all of these overexpressed proteins have been previously
described as having immune functions, demonstrating that colostrum is essential not
only by its immunoglobulin content but also by the non-immunoglobulin proteins that
play a fundamental role in the activation and attraction of immune cells, the apoptosis
rate of the enterocytes and the low gastric secretion, among others. The results of this

work contribute information about proteins with immune function that are increased

after colostrum intake, that can be used to decrease the lamb mortality and for instance
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to increase the economic benefit for farmers. In future, further proteomic studies will be
necessary in order to increase the general knowledge about the role of colostrum in the

passive immune transfer.
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Figure 1. Image of the lamb plasma pool labeled with Cy2 used as a reference gel in gel
analysis. Protein extracts were depleted using PROTEOMINER® commerecial kit and
used in DIGE, where a total of 50ug were loaded per CyDye. Spots showing differential

expression are highlighted with arrows. pl — Isoelectric point and M — Molecular Mass.
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Table 1. 1gG and IgM evolution in Colostrum group (C) and Delayed Colostrum group

(DC) at 2 and 14 hours after birth.

Time after birth (h)

EM
Groups ) 12 S
C ND 7.406 0.837
19G
DC ND ND
IgM C ND 0.443 0.100
DC ND ND

ND means no detectable.
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Abstract

Colostrum intake is a key factor for newborn mammals survival, particularly ruminants.
As ruminant placenta impedes the transfer of immune components, newborn ruminants
entirely depend on Passive Immunity Transfer from the mother to the neonate, through
early suckling of colostrum. Understanding the important role of colostrum proteins has
gained much attention. However, proteomics studies of sheep colostrum proteomes and

their uptake in neonate lamb has not yet been presented.

The aim of this study was hence to describe the sheep colostrum and lamb plasma
proteome, using a top-down mapping approach based on SDS-PAGE separation and
LC-MS/MS based protein identification, and to provide relative quantification of
whether and how neonate plasma protein concentrations change as an effect of early

colostrum intake, using an iTRAQ-based proteomics approach.

The results of this study described the presence of 90 proteins in the sheep colostrum
proteome. Moreover, the colostrum intake produced an increase of eight proteins with
immune function in the lamb blood plasma. Further proteomic studies will be necessary,
particularly using the SRM approach, in order to increase the general knowledge about

the role of colostrum in the PIT.

Biological Significance

This manuscript reveals novel information to Journal of Proteomics readers since, many
sheep colostrum and lamb plasma proteins were mapped using an SDS-LC-MS/MS
approach. Furthermore, quantitative protein changes in lamb blood plasma, because of

the colostrum intake, were deeply described, using an iTRAQ approach. This technique
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provided the most comprehensive description of sheep colostrum and lamb plasma
proteome, since no information about them has been fully described yet. This
manuscript contributes information about proteins with immune function that are
increased after colostrum intake, that can be used to decrease lamb mortality rates and

consequently to increase the economic benefit for sheep producers.

Keywords: Colostrum, lamb, plasma, immune, iTRAQ, LC-MS/MS

1. INTRODUCTION

It is well known that early access to colostrum is a key factor for neonatal survival in
mammals. But for ruminants, this is particularly critical, because the synepitheliochorial
placenta of ruminants implies that the placental membrane is attached rather than
invasive to the maternal endometrial tissues, hence the transfer of immunoglobulins
from the mother to the foetus is very limited. [1-4]. Hence, ruminants are hypo
gammaglobulinemic at birth, and entirely depend on Passive Immunity Transfer (PIT)
from the mother to the neonate, through early suckling of colostrum [5, 6]. Colostrum
contains essential nutrients like fat, lactose, vitamins and minerals [7], but is also rich in
unique proteins that play active roles in regulating growth and development of the gut
tissue, and for protecting the neonate against pathogens and post-partum environmental

challenges [8].

Although transfer of immunoglobulins is a key factor in host defense to pathogens, also

a wider range of colostrum components have been suggested to contribute to the early
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protection of the neonate [9]. These include many unique proteins with specific
functional roles, including proteins secreted by neutrophils and macrophages, proteins
taking part in the blood complement system, acute-phase proteins, as well as specific
proteins and peptides that possess direct antimicrobial activity [10-12]. Besides
mediating host defense, this wide range of bioactive colostrum proteins also play
important roles as key regulators of gastrointestinal growth and development in early

life [8].

Colostrum proteins are protected by the trypsin inhibitors present in colostrum [13], as
well as by the low proteolytic activity in the gastrointestinal tract of newborn animals
[14]. Moreover, the uptake of entire proteins through the gut epithelium is facilitated by
a unique feature of an regulated apoptosis process of the neonatal ruminant enterocytes
that allow unrestricted passage of large molecules, such as immunoglobulins, into the
gut [5, 15]. It is crucial to feed newborn ruminants during the first 48 hours after birth,
because the mechanisms that facilitates PIT and colostrum uptake are only operational
in the first neonatal days [16]. Neither the cellular mechanisms of colostrum protein
transfer to blood, nor their bioactive roles in the neonate ruminants are understood in
much detail. While bovine milk and colostrum proteomes have attracted much attention,
including reports of more than 257, 138, and 403 proteins characterized from whey [17],
milk fat globule membrane (MFGF) [18] and colostrum [19] samples, respectively, very
limited knowledge exists about sheep colostrum proteins. Even some ELISA based
studies have reported the concentration levels of some immune proteins such as
Immunoglobulin G in sheep colostrum (48.1-60.9 mg/mL [20-22]) and newborn lamb
blood plasma (13.7-26.6 mg/mL [23, 24]), proteomics studies of sheep colostrum

proteomes and their uptake in neonate lamb has not yet been presented.
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The aim of this study was hence to describe the sheep colostrum and lamb plasma
proteome, using an SDS-LC-MS/MS approach, and to provide relative quantification of
whether and how neonate plasma protein concentrations change as an effect of early

colostrum intake, using an iTRAQ-based proteomics approach.

2. MATERIAL AND METHODS

This experiment was approved by the ethics committee of the Faculty of Veterinary of

the Universidad de Las Palmas de Gran Canaria (Spain).

2.1.Sample Collection

Two groups of 4 newborn lambs each (Canarian dairy breed) were used in this
experiment. The experiment took place at the experimental farm of the Veterinary
Faculty of the Universidad de Las Palmas de Gran Canaria (Canary lIslands, 28° 8'
20.66" N, 15° 30' 24.97" W, Spain) in spring. The two groups of animals were fed from
a common pool of sheep colostrum that contained 64.74 mg/mL of Immunoglobulin G.
The two experimental groups were fed according to 2 different time schemes. The
colostrum-fed group (C group) received early colostrum feeding, at 2, 14 and 26 hours
after birth. The delayed-colostrum group (DC group) was not fed until 14 and 26 hours.
At the end of the experimental period (26 hours after birth) all animals took the same
amount of fresh colostrum. Blood samples were collected before feeding from the

jugular vein in 2.5 mL tubes with K-EDTA at 2 and 14 hours after birth. Blood was

centrifuged at 2190 g for 5 minutes at 4°C (Hettich-Zentrifugen, Universal 32 R,
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Germany) and the obtained plasma was frozen at -80°C until analysis. All lambs were
accommodated in rearing rooms with at least 0.3 m? floor-space per lamb. Each room

had central heating conferring a room temperature of approximately 20°C.

2.2 Sample Prepraration

Plasma samples were analysed at Aarhus University (Denmark). 200 mL from each
sample were homogenized with 1 mL of TES buffer (10 mM Tris-HCIpH 7.6, 1 mM
EDTA, 0.25 M sucrose) using ULTRAturrax at 12.000 rpm. Homogenates were
centrifuged at 10,000 x g for 30 min at 4°C to remove insoluble components. Protein
concentration of the supernatant was determined with the Quick Start™ Bradford

Protein Assay (Bio-Rad, Hercules, CA, USA), using BSA as standard reference [25].

Aliquots of 100 pg protein from each sample was recovered after precipitated with 6

volumes of ice-cold acetone (-20°C), centrifuged at 15,000 x g for 10 minutes at 4°C.

For the descriptive SDS-PAGE-LC-MS/MS analyses of plasma and colostrum
proteomes, aliquots of 60 ug protein from the C group and DC group at 14 hours (2
biological replicates from each group), as well as the pooled colostrum used for the
feeding experiment ,were prepared (2 technical replicates). Aliquots were resuspended
in 20 uLL TES buffer. The samples were boiled for 5 min in SDS sample buffer (7.5 mL)
containing 500 mM DTT, separated by SDS-PAGE using 10% (w/v) gels [26] and
stained using Coomassie blue (RAPIDstain, G-Biosciences). Each lane was cut into 9
equal sized slices, each of these were washed 3 times in milli-Q water and incubated for
two times 15 min in 130 pL 50% acetonitrile, dehydrated in 130 pL acetonitrile for 15

min and equilibrated in 150 pL 0.1 M NH4HCO3 for 5 min before 150 pL acetonitrile
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was added. After 15 min the supernatants were removed and the gel pieces were
lyophilized for 20 min. In-gel digestions were performed by incubating the gel pieces
with sequencing grade modified trypsin (Promega) in 50 mM NH4HCO; at 37 °C for 16
h, using 400 ng trypsin for heavy loaded gel slices, and 200 ng trypsin for the more faint
gel slices. The resulting peptides were desalted using C;g StageTips (Thermo Scientific)

and stored at -20 °C before LC-MS/MS analysis as described below.

2.3. LC-MS/MS Analysis

LC-MS/MS analyses of gel slices were performed on an EASY-nLC Il system (Thermo

Scientific) connected to a TripleTOF 5600 mass spectrometer (AB SCIEX) equipped
with a NanoSpray 11l source (AB Sciex) and operated under Analyst TF 1.6 control.
Tryptic peptides were dissolved in 0.1% formic acid, injected, trapped and desalted
isocratically on a ReproSil-Pur C18-AQ column (5 pm, 2 cm x 100 um I.D;Thermo
Scientific), eluted from the trap column and separated on a ReproSil-Pur C18-AQ 3 pm
capillary column (16 cm x 75 um 1.D) connected in-line to the mass spectrometer at 250
nL/min using a 50 min gradient from 5% to 35% of buffer B (0.1% formic acid and
90% acetonitrile), followed by a 10 minute re-equilibration time in buffer A. The
TripleTOF 5600 was run in positive ion mode using 2500 V for ion spray, curtain gas at
30 V, ion source gas at 5 and an interface heater temperature of 150°C. The automated
IDA method acquired up to 50 MS/MS spectra per cycle using 2.3 s cycle times and an

exclusion window of 6 s.
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2.4. ITRAQ based quantitative LC-MS/MS

Six sets of iITRAQ experiments were designed in order to study the differential protein
abundances found in plasma collected from C versus DC groups. A total of 16 plasma
samples were compared, including 4 biological replicates and 2 times points (2 and 14 h
after birth) from both treatment conditions (C versus DC). Consistently, the iTRAQ
reagent 114 was used to label an internal control sample made as a pool of 100 ug
plasma protein aliquots taken from each of the 16 individual plasma samples. The
remaining iTRAQ reagents (115, 116 and 117) were used to label the 16 individual

plasma samples.

Cysteine residues were reduced with 2.5 mM tris (2-carboxyethyl) phosphine
hydrochloride at 60°C for 1 hour and then blocked with 10mM
methylmethanethiosulfate solution at room temperature for 10 minutes. Proteins were
then digested with trypsin (1:10 w/w) at 37°C overnight. The tryptic peptides were
labeled with iTRAQ reagents (Applied Biosystems, Forster City, CA, USA) at room
temperature for 1 hour as previously described by the manufacturer. Finally, samples

were combined to create 6 different 4-plexed samples.

2.5. SCX fractionation and LC-MS/MS analysis

A total of 50 pg protein from each of the iTRAQ 4-plexed samples were injected into an
Agilent 1100 Series capillary HPLC equipped with a Zorbax Bio-SCX Series Il, and
peptides were eluted with a gradient of increasing NaCl solution. Fractions were
collected every minute for 65 minutes and combined according to their peptide loads

into 9-10 pooled samples.
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LC-MS/MS analyses were performed on an Easy-nLC Il system (Thermo Scientific)
connected to a QSTAR Elite mass spectrometer (AB SCIEX) equipped with a
NanoSpray source (AB Sciex) and operated under Analyst QS 2.0 control. The trypsin
digested samples were dissolved in 0.1% formic acid, injected, trapped and desalted
isocratically on a ReproSil-Pur C18-AQ column (5 pm, 2 cm x 100 pm [.D; Thermo
Scientific), after which the peptides were eluted from the trap column and separated on
an analytical ReproSil-Pur C18-AQ capillary column (3 um, 10 cm x 75 pum L.D;
Thermo Scientific) connected in-line to the mass spectrometer at 250 nL/min using a 63
min gradient from 5% to 38% phase B (0.1% formic acid and 90% acetonitrile). The
automated IDA method was set to acquire up to 3 MS/MS spectra per cycle using 2.0 s

cycle times and an exclusion window of 80 s.

2.6. Protein Identification and Quantitation

The collected MS files were converted to Mascot generic format (MGF) using the AB
SCIEX MS Data Converter beta 1.3 (AB SCIEX) and the “proteinpilot MGF”
parameter. The peak lists were used to interrogate a combined sheep and goat database
consisting of sequences from TrEMBL, Swiss-Prot and NCBInr (Updated November
2012, 32.444 sequences) using Mascot 2.3.02 [Matrix Science; 27]. For in-gel digests,
the search parameters were set to allow one missed trypsin cleavage site and
propionamide as a fixed modification. The mass accuracy of the precursor and product
ions were 15 ppm and 0.2 Da and the instrument settings was specified as ESI-QUAD-

TOF. For the iTRAQ samples, the search parameters were set to allow one missed

trypsin cleavage site and methylthio (MMTS) (C) as a fixed modification with oxidation
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of methionine as variable modification. iTRAQ 4-plex was selected as quantitation
method. The mass accuracy of the precursor and product ions were 0.2 Da and the
instrument setting was specified as ESI-QUAD-TOF. The significance threshold (p)

was set at 0.01 with an ion score cutoff at 31 for all samples.

Mascot results were parsed using MS Data Miner v.1.1 [MDM; 28]. A final report was
generated using MDM, comparing all identified and quantified proteins from the 6 sets

of ITRAQ data.

2.7. Statistical Analysis

Statistical analyses from iTRAQ approach were performed using SAS, Version 9.00
(SAS Institute Inc., Cary, NC). The SAS PROC MIXED procedure for repeated
measurements was used to evaluate the effect of colostrum intake (C group vs. DC
group) at 2 and 14 hours after birth. A Bonferroni’s test was used to evaluate differences

between groups (P<0.05).

3. RESULTS AND DISCUSSION

In order to investigate which proteins can be detected in colostrum and plasma using
shotgun proteomics approaches, we used a top-down mapping approach based on SDS-
PAGE separation and LC-MS/MS based protein identification. Only proteins observed
in both of the replicated analyses from each sample type were regarded as significantly
and uniquely observed. Analyses of the pooled colostrum which was used in our feeding
experiment, allowed the identification of 88 proteins, while 65 and 127 proteins could
be observed in plasma from respectively early and delayed colostrum-fed lambs. The

aim of this initial and descriptive study was to collect detailed information about the
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protein subsets detectable in these different and complex proteome samples, and to
provide information about the overlap and uniqueness of the protein subsets across these
body fluids. The venn diagram in figure 1 presents an overview of the distribution of
proteins across these body fluids. It is clear that the majority (30 proteins) of the
observed proteins could be observed in all 3 body fluids. Moreover, comparing these
proteome profiles clearly demonstrated that a wide range of immunoglobulins
originating from colostrum are transferred to plasma, while a large majority of
colostrum specific proteins cannot be detected in plasma 12 hours after early suckling,
indicating that transport of proteins from colostrum, over the gut epithelial layer and
into plasma is a controlled and selective process, although mechanisms responsible for

selective transfer are not yet well understood [29].

Another interesting observation provided by our direct comparison of body fluid
proteomes, is, that a much larger range of the well-known plasma proteins and also
intracellular protein (e.g. Fructose —biphosphate aldolase and carbonic anhydrase) are
detectable in plasma from animals that lacked access to colostrum. This is likely due to
the fact that peptide selection in shotgun-based LC-MS/MS analyses is greatly biased by
the relative abundance of the protein and peptide components in complex biological
samples. This is indeed the case in plasma collected after colostrum suckling, where
massive amounts of immunoglobulins are observed in plasma, and can therefore

outnumber and overshadow detection of the plasma-protein background.

In order to achieve a more direct comparison and also a relative quantification of the

effect of early colostrum feeding, an iTRAQ based tagging approach was used to

compare the plasma proteomes of eight individually sampled animals. This
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investigation also aimed to study how early colostrum affects the expression levels of

plasma-proteins related to growth and development of the neonatal lamb.

In the iTRAQ tagged analyses, we observed a total of 148 proteins. Compared to similar
shotgun analyses of cow plasma [30] and colostrum [18, 19], the number of proteins we
could identify and quantify in colostrum and plasma samples of sheep was much lower.
This is partly due to the dynamic range, as discussed above [31, 32], but is mainly a
direct effect of the current lack of well-covered sheep genome and protein databases.
Particularly, the detailed annotation of sheep proteins is very limited when compared to

bovine and goat databases.

A depletion-step aimed to remove high abundant plasma proteins from colostrum and
plasma samples before MS/MS analysis may improve proteome coverage of body fluid
shotgun analyses of body fluids, but because the main objective of this study was to
compare changes in plasma proteins as an effect of early suckling, this approach is not

applicable in this study.

The recent technological progress in targeted and absolute quantitation methods [33]
may allow more accurate analyses in future experiments. Particularly, the development
of selected reaction monitoring (SRM) based monitoring of candidate target proteins
would greatly benefit further studies of the absolute absorption of specific colostrum
proteins in plasma. However, these methods require that the detection of specific
proteotypic signature peptides are described and validated for each protein to be
analyzed across tissues [33]. Such SRM methods are not yet available for the specific
ovine proteins we have analyzed. However, this study clearly points to interesting

candidate proteins that could be of immediate interest for SRM method development.
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3.1. Protein identification

Table 1 compiles information about non-redundant proteins identified in colostrum and
plasma samples from C and DC group at 14 hours after birth. The first group of proteins
listed in table 1 was identified in all samples (from colostrum as well as plasma). The
second group represents the proteins that were uniquely found in colostrum and plasma
from colostrum-fed animals. This list of proteins is of specific interest because they
represent specific transfer from colostrum, and in our data these consist mainly of
immunoglobulins. The third set of proteins in table 1 shows proteins that were
exclusively identified in colostrum. Most of these are well known from bovine studies
to be highly abundant in colostrum, including immunoglobulins and caseins, but also
proteins which from similar studies of cow colostrum are known to be of lower
abundance (such as serum amyloid A-3, 267.45 pg/mL [34] or plasmin, 0.49 pg/mL
[35]) could be observed. Finally, the fourth group presents proteins that could only
detected in animals that lacked access to colostrum (the DC group). This list reflect
proteins that are expressed as a response to physiological stress caused by lack of

normal colostrum intake.

Regarding the subset of 30 proteins that were identified in all 6 samples in the
descriptive study, it should be noted that certain immunoglobulin isoforms could also be
detected in plasma of animals who had not received colostrum. Despite that several
authors have described that ruminant placenta entirely impedes the transfer of
immunoglobulins from the dam to the foetus [36, 37], other authors [1-3, 38] agree with
these findings, suggesting that small but detectable amounts of immunoglogulins can be

transferred via placenta. Likewise, different apolipoprotein isoforms, fibrinogen,

plasminogen, serotransferrin, ceruloplasmin and trypsin inhibitor were also present in
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all the studied samples. Despite that these proteins are mainly known as components of
blood, their presence in cow colostrum has been confirmed, including apolipoproteins
A-l, A-1V, E [18, 39], plasminogen [35, 39], trypsin inhibitor [39, 40], ceruloplasmin
[41], fibrinogen and serotransferrin [39], and in some cases reported to be more
abundant in colostrum than in plasma. Colostrum contributes with several proteins that
provides immunomodulatory effects in the newborn, as reviewed by Bendixen et al. [8],
hence an iITRAQ labeling approach allows analyses of the relative changes of the
immunomodulatory colostrum proteins as an effect of early and delayed access to

colostrum in neonate lambs.

The second group of proteins was identified in colostrum and plasma from colostrum-
fed lambs. As can been observed, immunoglobulins were the main colostrum proteins
absorbed by colostrum-fed lambs. These findings are in agreement with Hurley et al.
[42] and Moreno-Indias et al. [43] who described that immunoglobulins are among the
most important proteins in colostrum in order to acquire a correct passive immune

transfer.

The third group of proteins, showed in table 1, was only identified in colostrum and
therefore was not absorbed by the colostrum-fed newborn lambs. As can be appreciated,
colostrum used in this experiment contains a high amount of immunoglobulins. As was
showed above, even some immunoglobulin fragments were only identified in colostrum,
all immunoglobulins seem to be efficiently absorbed, as these colostrum proteins
dominate the plasma proteome of the colostrum-fed animals. Additionally to
immunoglobulin content of the colostrum used in this experiment, other high abundance
proteins such as caseins or alpha-lactoalbumin were observed. It has been noted that

caseins are responsible for some important biological functions such as lon carriers (Ca,
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PO4, Fe, Zn, Cu), bioactive peptide precursors and immunomodulators [44]. It was also
demonstrated that the casein proteolytic fragments have antimicrobial activity [45],
suggesting that the proteases may also play a role in the host defence. In addition,
peptides derived from caseins are receiving much attention as possible sources of
natural bioactivity with health benefits for humans [46], probably because they
stimulate the innate immune system within the mammary gland and prevent udder
infections during the dry phase [47]. Moreover, it has been recently shown how alpha-
lactoalbumin, plays a role as an immunomodulator in human and cow colostrum and
milk [44, 48, 49]. Despite that neither caseins nor alpha-lactoalbumin seems to be
absorbed in colostrum fed newborn lambs, they may have a protective function in the

intestine of that animals.

Moreover, a wide range of proteins components from colostrum were not detectable in
colostrum-fed animals, including proteins like neutrophil gelatinase-associated lipocalin
isoform 2, peptidoglycan recognition protein 1 or junction plakoglobin which all
provide protection against bacterial infections. The first acts as an iron-trafficking
protein [50], the second one interfering with peptidoglycan biosynthesis [51, 52] and
finally junction plakiglobin in conjunction with MUC-1 prevents pathogens from
reaching the cell surface [53, 54]. Other proteins like calcium binding protein, matrix
gla protein and nucleobindin-1, that takes part in the Ca2+ transport, or adipocyte fatty
acid-binding protein, which participates in the lipid transport were also observed in

colostrum, but could not be detected in plasma after suckling.

Finally, the last group of proteins, which were observed only in lambs that lacked access

to colostrum until 14 h after birth are presented. As it has been described by several

authors [55-58], lambs are dependent on the intestinal transmission of immunoglobulins
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and other immune modulating factors present in colostrum, which may affect the
development of the immune system of newborn lambs. Moreover, present findings
described how delayed-colostrum lambs showed a wide range of plasma proteins related
to stress, inflammation, coagulation activity, catabolic metabolism and cells destruction.
The effect of this starvation is reflected by the presence of proteins such as, haptoglobin,
chymotripsinogen b, hepatocyte growth factor activator, or different complement
factors, indicate stress in this groups of lambs, probably derived from the colostrum
deprivation, and therefore, the lack of energy intake. Also, the presence of several
proteins that take part during the catabolic metabolism (adiponectin, flavin reductase
(NADPH), Insulin-like growth factor-binding protein 2, L-lactacte dehydrogenase B
chain, n-acetylmuranoyl-l-alanine amidase, phospholipid transfer protein, plasma serine
protease inhibitor, among others) were observed, together with proteins that are
involved in the blood coagulation processes, including coagulation factor al, X and
XII1, alpha-2 antiplasmin, kininogen-1 or serpin A3-2, A3-5 and D1. This observation
may be related to the well-known fact that the coagulation system appears to be
activated and upregulated during periods of acute stress, as is indeed the case during
lack of feed intake [59-61]. Finally, the deprivation of colostrum produced the
activation of some homeostatic proteins such as Angiotensin-1 and Carbonic anhydrase
2, trying to balance the lack of water and minerals given through colostrum. For this
reason, these proteins produce vasoconstriction and promote Na®* retention in the

kidney, which also drives blood pressure up [62-64].




Chapter 6

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

3.2.Protein quantification using an iTRAQ approach

Only approximately 148 proteins could be observed and characterized from the shotgun
proteome data. From this result, a total of 31 proteins were identified, which followed a
normal distribution in at least 3 out of the 4 biological replicates in each of the 4 studied
groups. A statistical analysis was performed on the selected proteins, as described
above, and a total of eight proteins were found increased in the C group at 14 hours after

birth.

Table 2 shows significant (P<0.05) proteins ratio changes between C and DC group
because of the colostrum feeding. In reference to apolipoproteins, three different classes
(apolipoprotein A-1V, B-100 and E) were increased in the C group at 14 h after birth
due to the colostrum feeding. The primary function of apolipoproteins in the efficacy of
fat absorption by the intestine has been deeply described [65-68]. In this way, fat
absorption plays an essential role in newborn lambs, because colostrum is not only
necessary for the immune protection but also as the only energy source at this early
period after birth. In spite of these findings, their relations to immune response have
also been described. In particular, apolipoprotein B-100 and apolipoprotein-E have been
demonstrated to be an innate barrier against infections [69, 70]. Moreover, it has been
observed that apolipoprotein A-1V, not only exhibits a protective effect against external
agents [71], but also produces a decrease of gastric secretions [72]. This last effect,
added to the increase of trypsin inhibitor produced in C group, promotes the absorption

of proteins with their native structure.

Lambs that were colostrum fed also increased their plasma levels of several acute-phase

proteins, such as fibrinogen alpha chain, tetranectin or ceruloplasmin. The first of them
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participates in coagulation process [73], but also during inflammation, stimulating the
adhesion, migration, chemotaxis and phagocytosis of monocytes and macrophages to
the point of infection [74, 75]. As happen with the previous described protein,
tetranectin produced the activation of plasmin [76], stimulating the neutrophil migration
to the infection [77]. Finally, in spite of the main function of ceruloplasmin as cupper
and iron transporter, it has been described that this protein may contribute to defense
responses via its ferroxidase activity, which may drive iron homeostasis in a direction

unfavorable to invasive organisms [78].

As can be observed in table 2 early colostrum intake produced a relative increase of
eight plasma proteins in the C group. This demonstrates that colostrum is essential not
only for its immunoglobulin content but also for the non-immunoglobulin proteins that
play a fundamental role in the activation and attraction of immune cells, the low gastric

secretion, among others.

4. CONCLUSION

The results of this work described the presence of 90 proteins in the sheep colostrum
proteome. Moreover, eight proteins with immune function were increased in the lamb
blood plasma after colostrum intake. Understanding uptake and effect of colostrum is
important for future reduction of lamb mortality rates and will also contribute to
increase the economic benefit of sheep producers. Further proteomic studies will be
necessary, particularly using the SRM approach, in order to increase the general

knowledge about the role of colostrum in the PIT.
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Capitulo 6

Table 1. Colostrum proteins identified in sheep colostrum and lamb plasma from

colostrum and delayed colostrum lambs.

Protein name

Accession
No.

Proteins identified in all samples

alpha globin chain [Ovis aries]

alpha-2-macroglobulin precursor (Blast2Go, Similarity: 88.35%)
Apolipoprotein A-I

RecName: Full=Apolipoprotein E; Short=Apo-E; Flags: Precursor
Apolipoprotein A-1V

Apolipoprotein D

beta-lactoglobulin [Ovis sp.]

Complement C3

RecName: Full=Ceruloplasmin; AltName: Full=Ferroxidase; Flags: Precursor
Fibrinogen beta chain

gamma fibrinogen, partial [Ovis dalli]

fibronectin isoform 1 (Blast2Go, Similarity: 97.0%)

gelsolin isoform a precursor (Blast2Go, Similarity: 99.05%)

Ig lambda chain C region - sheep (fragment)

immunoglobulin lambda light chain constant region segment 1 [Ovis aries]
immunoglobulin mu chain, partial [Ovis aries]

immunoglobulin V lambda chain [Ovis aries]

RecName: Full=Alpha-1-antiproteinase; AltName: Full=Alpha-1-antitrypsin; AltName:

Full=Alpha-1-proteinase inhibitor; Flags: Precursor

trypsin inhibitor (contrapsin) — goat

inter-alpha-trypsin inhibitor heavy chain h2 (Blast2Go, Similarity: 93.4%)
keratin 1 (Blast2Go, Similarity: 95.45%)

Keratin 10 (Epidermolytic hyperkeratosis; keratosis palmaris et plantaris)
keratin 14 (Blast2Go, Similarity: 98.0%)

keratin 18 (Blast2Go, Similarity: 94.7%)

RecName: Full=Plasminogen

Plasminogen

pregnancy-zone protein (Blast2Go, Similarity: 80.65%)

Serotransferrin

RecName: Full=Serum albumin; Flags: Precursor

type ii cytoskeletal 2 epidermal (Blast2Go, Similarity: 90.3%)

gi|1787
E1BIWO
P15497
gi[41016830
FIN3Q7
F1MS32
gi[165839
Q2UVX4
gi[75075054
FIMAVO
gi|1916272
G5E5A9
FIMJH1
gi|109030
gi[52366986
gi[165945
gi[2766644
gi[112890

gi[1363062
FIMNW4
G3NOV2
ABQNZ7
FIMC11
F6S1Q0
gi[3914364
E1B726
F1MI18
G3X6N3
gi[113582
E1B991

Colostrum specific proteins which could also be observed in plasma 14 hours after
early access to colostrum

apolipoprotein b-100 (Blast2Go, Similarity: 85.6%)

Ig heavy chain C region - sheep (fragment)

Ig kappa chain — sheep

immunoglobulin alpha heavy chain [Ovis aries]

Immunoglobulin J chain

immunoglobulin lambda-6¢ light chain variable region [Ovis aries]
immunoglobulin light chain variable region (Blast2Go, Similarity: 92.2%)
Inter-alpha-trypsin inhibitor heavy chain H1

E1BNRO
gi[109029
gi[423311
gi[2582411
Q3SYR8
gi[2746699
G3N2D7
QOVCM5



http://www.uniprot.org/uniprot/Q0VCM5
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Colostrum proteins which could not be observed in plasma after 14 hours after early
access to colostrum

45 kda calcium-binding protein (Blast2Go, Similarity: 95.0%)

adipocyte fatty acid-binding protein [Capra hircus]

RecName: Full=Alpha-lactalbumin; AltName: Full=Lactose synthase B protein; Flags:
Precursor

RecName: Full=Alpha-S2-casein; Flags: Precursor

alpha-S1-casein precursor [Ovis aries]

alpha-s2-casein [Ovis aries]

ATP synthase subunit alpha

ATP synthase subunit beta, mitochondrial

RecName: Full=Beta-casein; Flags: Precursor

cohesin subunit sa-1 (Blast2Go, Similarity: 98.95%)

desmoplakin isoform i (Blast2Go, Similarity: 96.35%)

Elongation factor 1-alpha

Fatty acid-binding protein, heart

Fc-gamma-RII-D

Ig mu chain — sheep

Ig mu heavy chain V region precursor - sheep (fragment)

Ig mu heavy chain V region precursor - sheep (fragment)

immunoglobulin gamma 2 heavy chain constant region [Capra hircus]
immunoglobulin heavy chain precursor [Ovis aries]

immunoglobulin heavy chain precursor [Ovis aries]

immunoglobulin heavy chain variable region [Ovis aries]

immunoglobulin heavy chain variable region precursor, partial [Capra hircus]
immunoglobulin lambda-2b light chain variable region [Ovis aries]
immunoglobulin light chain variable region [Ovis aries]

immunoglobulin V lambda chain 4.1.3 [Ovis aries]

junction plakoglobin (Blast2Go, Similarity: 98.35%)

Keratin, type | cytoskeletal 17

Keratin, type Il cytoskeletal 75

KRT5 protein

Malate dehydrogenase (Fragment)

Matrix Gla protein

milk fat globule EGF factor 8 protein, partial [Ovis aries]

neutrophil gelatinase-associated lipocalin isoform 2 (Blast2Go, Similarity: 86.45%)
Nucleobindin-1

pancreatic secretory granule membrane major glycoprotein gp2 (Blast2Go, Similarity:
86.0%)

Peptidoglycan recognition protein 1

Peptidyl-prolyl cis-trans isomerase

Peptidyl-prolyl cis-trans isomerase B

Peroxiredoxin-1

Pigment epithelium-derived factor

polymeric immunoglobulin receptor (Blast2Go, Similarity: 81.7%)

RecName: Full=Glycosylation-dependent cell adhesion molecule 1; Short=GlyCAM-1;
AltName: Full=28 kDa milk glycoprotein PP3; AltName: Full=Lactophorin; AltName:
Full=Proteose-peptone component 3; Short=PP3; Flags: Precursor

secreted form immunoglobulin epsilon heavy chain constant partial (Blast2Go,
Similarity: 74.3%)

type i cytoskeletal 42-like (Blast2Go, Similarity: 95.15%)

type ii cytoskeletal 3 (Blast2Go, Similarity: 95.8%)

FIMKI5
0i[118582237
gi[125998

gi|115658
gi[57526469
gi|284025656
FIMLBS
P00829
gi[416752
F1IMC39
E1BKT9
E1BOF6
P10790
A8DC37
gi|478694
gi[1083124
gi[1083106
gi[147744654
gi|5815188
gi[5815218
gi[23304497
0i[164664986
gi[2746691
gi[5802430
gi[26245483
FIN3P9
A1L595
Q08D91
ASD7M6
G1K257
P07507
gi[347803268
E1B6Z6
QOP569
FIN726

Q8SPP7
Q2NKS8
P80311
Q5E947
Q95121
FIMR22
gi[22096365

G3N342

G3N2P6
G3MXL3



http://www.uniprot.org/uniprot/P00829
http://www.uniprot.org/uniprot/A1L595
http://www.uniprot.org/uniprot/Q08D91
http://www.uniprot.org/uniprot/P07507
http://www.uniprot.org/uniprot/Q8SPP7
http://www.uniprot.org/uniprot/P80311
http://www.uniprot.org/uniprot/Q5E947
http://www.uniprot.org/uniprot/Q95121
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Proteins identified only in plasma from DC group at 14 h after birth

Adiponectin

Alpha-2-antiplasmin

antithrombin-111 precursor [Ovis aries]

Apolipoprotein A-11

apolipoprotein m (Blast2Go, Similarity: 93.7%)
Beta-2-glycoprotein 1

bone marrow stromal cell antigen 1 (Blast2Go, Similarity: 86.65%)
C1QC protein (Fragment)

C4b-binding protein alpha chain

Carboxypeptidase N catalytic chain

Chain D, Crystal Structure Determination Of Sheep Methemoglobin At 2.7 Angstrom
Resolution

chymotrypsinogen b (Blast2Go, Similarity: 79.85%)

coagulation factor al polypeptide (Blast2Go, Similarity: 94.3%)
Coagulation factor X

Coagulation factor XIII, B polypeptide

collagen alpha-1 chain isoform 2 (Blast2Go, Similarity: 98.15%)
Complement C1s subcomponent

Complement component 1, r subcomponent

complement component 4a (rodgers blood group) (Blast2Go, Similarity: 90.3%)
complement component C4 [Ovis aries]

complement factor B [Ovis aries]

CPN2 protein

C-reactive protein

Dermatopontin

eph receptor a7 (Blast2Go, Similarity: 97.75%)

extracellular matrix protein 1 (Blast2Go, Similarity: 81.65%)
Fetuin-B

fibulin 1 (Blast2Go, Similarity: 93.9%)

Flavin reductase (NADPH)

forkhead box protein k2 (Blast2Go, Similarity: 90.1%)
Fructose-bisphosphate aldolase

Glutathione peroxidase

glutathione s-transferase mu 3 (Blast2Go, Similarity: 87.9%)
RecName: Full=Haptoglobin; AltName: Full=Zonulin; Contains: RecName:

Full=Haptoglobin alpha chain; Contains: RecName: Full=Haptoglobin beta chain; Flags:

Precursor

haptoglobin [Rupicapra rupicapra]

hemoglobin gamma

hepatocyte growth factor activator (Blast2Go, Similarity: 88.85%)
Histidine-rich glycoprotein

histone h2b type 1-like (Blast2Go, Similarity: 96.15%)

Insulin-like growth factor-binding protein 2

Kininogen-1

Leucine-rich alpha-2-glycoprotein 1

L-lactate dehydrogenase B chain

Lumican

lysine-specific demethylase 5c¢ isoform 1 (Blast2Go, Similarity: 97.45%)
n-acetylmuramoyl-I-alanine amidase (Blast2Go, Similarity: 81.25%)
Phospholipid transfer protein

pigment epithelium-derived factor precursor [Ovis aries]

Plasma serine protease inhibitor

Proteasome subunit beta type-6

Protein HP-20 homolog

prothrombin precursor [Ovis aries]

RecName: Full=Angiotensinogen; AltName: Full=Serpin A8; Contains: RecName:

Q3Y5Z3
P28800
gi[57164383
P81644
FIMYX2
P17690
FIMLP3
QIRMH5
Q28065
Q2KJ83
gi[195927260

E1BDT3
F1MW44
P00743
Q2TBQ1
F1IMSR8
QOVCX1
A5D9E9
FIN2QO
0i|1235
0i|148645283
A6QP30
C4T8B4
P19427
F1N780
FIMWT6
Q58D62
FIMYN5S
P52556
F1IMW83
A6QLLS
G3X8D7
E1B7U2
gij226709030

gi[307742657
gi[229222
E1BCWO
FIMKS5
E1B7NS
FIN2P8
P01044
Q2KIF2
Q5E9B1
Q05443
FIMYV2
E1BH94
Q58DLY
gi[213021132
QIN2I2
Q3MHNO
Q2KITO
gi[261244968
gi|1703309



http://www.uniprot.org/uniprot/Q3Y5Z3
http://www.uniprot.org/uniprot/P28800
http://www.uniprot.org/uniprot/P81644
http://www.uniprot.org/uniprot/F1MYX2
http://www.uniprot.org/uniprot/P17690
http://www.uniprot.org/uniprot/Q28065
http://www.uniprot.org/uniprot/E1BDT3
http://www.uniprot.org/uniprot/P00743
http://www.uniprot.org/uniprot/F1MWT6
http://www.uniprot.org/uniprot/Q58D62
http://www.uniprot.org/uniprot/P52556
http://www.uniprot.org/uniprot/P01044
http://www.uniprot.org/uniprot/Q5E9B1
http://www.uniprot.org/uniprot/Q05443
http://www.uniprot.org/uniprot/Q9N2I2
http://www.uniprot.org/uniprot/Q3MHN0
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Full=Angiotensin-1; AltName: Full=Angiotensin I; Short=Ang I; Contains: RecName:
Full=Angiotensin-2; AltName: Full=Angiotensin Il; Short=Ang II; Contains: RecName:
Full=Angio

RecName: Full=Carbonic anhydrase 2; AltName: Full=Carbonate dehydratase II;
AltName: Full=Carbonic anhydrase 1I; Short=CA-11

Serpin A3-2

Serpin A3-5

SERPIND1 protein

Serum albumin

Serum amyloid A-4 protein

SHBG protein

Superoxide dismutase [Cu-Zn]

transferrin receptor protein 1 (Blast2Go, Similarity: 87.9%)

transferrin receptor, partial [Ovis aries]

Triosephosphate isomerase

Vitamin K-dependent protein C (Fragment)

Vitamin K-dependent protein S

gi[118582300

A217M9
A217N1
ABQPP2
P02769
Q32L76
A5PKC2
A3KLR9
E1BIG6
gi[369726201
Q5E956
P00745
P07224



http://www.uniprot.org/uniprot/A2I7M9
http://www.uniprot.org/uniprot/A2I7N1
http://www.uniprot.org/uniprot/P02769
http://www.uniprot.org/uniprot/Q5E956
http://www.uniprot.org/uniprot/P00745
http://www.uniprot.org/uniprot/P07224
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Table 2. Significantly different protein abundances (P<0.05) between animals receiving

colostrum early (2 hours) (C group) versus late (14 hours after birth) (DC group).

C group DC group P-value

Protein Accession 2h 14h 2h 14h | C2vsDC2 C2vsCl4 Cl4vsDC14
ﬁf’l‘i'/'p"p“’te'” FIN3Q7 087 145 074 104 | 0.608 0.018 0.018
gf’fggp"pmte'” EIBNRO 058 117 082 090 | 0355 0.041 0.028
Apolipoprotein E Q03247 0.65 158 0.90 096 | 0.499 0.009 0.006
Ceruloplasmin FINO76 062 100 075 083 | 0482 0.035 0.039
precursor
Fibrinogen ASPJE3 069 104 077 102 | 0.484 0.048 0.042
Alpha Chain
Tetranectin Q2KIS7 0.69 1.07 085 1.02 0.737 0.013 0.004
Immunoglobulin 4165045 082 102 094 106 | 0.104 0.025 0.043
mu chain partial
Trypsin Inhibitor ~ gi[1363062 0.77 0.96 098 1.00 |  0.250 0.013 0.041
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625  Figure 1. Venn diagram of colostrum and lamb plasma from colostrum and delayed-
626  colostrum groups.
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Capitulo 1

El calostro juega un papel fundamental en procesos tan importantes para el recién
nacido como la transferencia de inmunidad pasiva y el desarrollo del sistema inmune,
disminuyendo los porcentajes de mortalidad neonatal y por lo tanto, aumentando los
beneficios econdmicos de los ganaderos. Sin embargo, el calostro no solo es importante
por su contenido de Ig’s, sino también porque contiene otras proteinas que juegan un
papel fundamental en la activacion y atraccion de células con funcion inmune, la
disminucion de las secreciones gastricas, entre otras. Ademas, ha sido descrito la
relacion existente entre las proteinas procedentes de las diferentes fracciones del

calostro (caseinas, proteinas del suero y proteinas de la membrana del glébulo graso).

En este campo, la protedbmica es una herramienta fundamental para incrementar el
conocimiento general de las proteinas presentes en el calostro y su relacion con la
transferencia de inmunidad pasiva y el desarrollo del sistema inmune. Sucesivos
estudios seran necesarios para entender los procesos bioldgicos que ocurren durante la

absorcion de las proteinas a través del intestino de los rumiantes neonatos.

Capitulo 2

Los corderos criados bajo un sistema de lactancia natural mostraron, en general, pesos
vivos y mayores valores de pardmetros inmunes que los corderos alimentados en un
sistema de lactancia artificial criados con diferentes dietas (lactorremplazante o leche en
polvo entera para consumo humano) durante el periodo de lactancia. Sin embargo, es
necesario resaltar que durante el destete estos grupos de lactancia artificial compensaron

estas diferencias, mostrando, incluso al final de este periodo, mayores pesos vivos que

los corderos de lactancia natural.
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Los resultados obtenidos pueden ayudar a mejorar el manejo de las granjas ovinas,
reduciendo los gastos que conlleva la lactancia artificial y por tanto, incrementando los

beneficios econdémicos de los ganaderos.

Capitulo 3

Los corderos criados bajo un sistema de lactancia natural mostraron, en general,
mayores valores en los pardmetros inmunes y mayor peso vivo que los corderos criados
bajo los diferentes sistemas de lactancia artificial usados durante los primeros dias de
vida. Sin embargo, sera necesario realizar otros estudios basado en cambios en el
manejo de la lactancia artificial, con el fin de conseguir que los corderos criados en este

sistema presenten valores inmunes similares a los obtenidos en lactancia natural.

Los resultados de este estudio demuestran ademas, que cuando la lactancia artificial es
usada, los corderos pueden ser encalostrados con calostro caprino, siendo ademéas no

necesario encalostrar a los animales inmediatamente después del parto.

Capitulo 4

Los corderos que recibieron 8 gramos de 1gG/ kg de peso vivo obtuvieron similares
concentraciones plasmaticas de 1gG y mayores de IgM, que los corderos criados en
lactancia natural (grupo NR) durante los primeros dias de vida. Sin embargo, durante
este periodo el grupo NR presentd una mejor actividad del sistema de Complemento que
los otros dos grupos de estudio (grupo C4 y C8). Durante el destete, los dos grupos de

lactancia artificial estudiados, presentaron un mayor peso Vivo, una mayor
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concentracion de IgM, asi como similares concentraciones plasmaticas de 1gG vy

actividad del Complemento que los corderos criados en lactancia natural.

Los hallazgos de este estudio muestran que cuando los corderos reciben la cantidad de
calostro equivalente a 89 de 1gG/kg de peso vivo, estos obtienen valores inmunes

similares a los obtenidos en lactancia natural.

Capitulo 5

El consumo temprano de calostro produjo un incremento de la concentracion de
apolipoproteina-1V, plasmindgeno, amiloide sérico A y fibrindgeno, lo cual es de gran
interés, ya que presentan funciones relacionadas con el sistema inmune, demostrando
que el calostro no solo es fundamental por el aporte de inmunoglobulinas, sino porque
también contiene proteinas que desempefian un papel fundamental en la respuesta
inmune del neonato, tales como son la activacién y atraccion de las células inmunes, la
regulacion de la apoptosis en los enterocitos o la disminucion de las secreciones

gastricas.

Los resultados de este trabajo muestran informacion sobre las proteinas con funcion
inmune que se incrementan en el plasma sanguineo de los corderos recién nacidos tras
la ingesta de calostro, los cuales pueden ser usados para disminuir la mortalidad
neonatal y asi aumentar el beneficio econdmico de los ganaderos. En el futuro sera

necesario realizar otros estudios protedmicos para asi aumentar el conocimiento sobre el

papel del calostro en la transferencia de inmunidad pasiva.




Conclusiones

Capitulo 6

Los resultados de este trabajo describieron la presencia de 90 proteinas en el proteoma
del calostro ovino. Ademas, en cuanto a los cambios en el perfil protedmico del plasma
sanguineo de cordero, la ingesta temprana de calostro produjo un incremento de 8
proteinas con funcién inmune. Estos datos pueden ser usados para disminuir los
porcentajes de mortalidad y por ende contribuir al incremento del beneficio econémico
de los ganaderos. En el futuro, estudios protedmicos usando SRM, podrian aumentar el

conocimiento general del calostro y su relacion en la transferencia de inmunidad pasiva.
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Chapter 1

Colostrum plays an essential role in several important processes in the newborn, such as
PIT and immune system development, decreasing ruminant neonate mortality rates and
increasing the economic benefit of farmers. However, colostrum is not only important
for its Ig’s content but also for the non-immunoglobulin proteins that play a
fundamental role in the activation and attraction of immune cells, the low gastric
secretion, among others. It has been also observed the relation of different proteins from
the three colostrum fractions (caseins, whey and MFGM) with the newborn immune

protection.

In this field, proteomics is a powerful tool that needs to be used in the future to increase
the general knowledge of proteins present in colostrum and their relation with the PIT
and the immune system development. Moreover, further studies will be necessary in
order to understand the biological process of colostrum proteins uptake trough the gut in

newborn ruminants.

Chapter 2

Lambs reared under a natural rearing system showed, in general, higher BW and
immune parameters than lambs reared under artificial systems with different milk
sources during the milk feeding period. However, it is interesting to highlight that
during the weaning period, animals from both artificial rearing groups compensated for

these differences. For this reason, at the end of the studied period MR and CM groups

showed a higher BW than NR group.
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These findings may improve the dairy sheep management, reducing the expenses of the
artificial rearing system and, consequently, increasing the economic benefit for sheep

farmers.

Chapter 3

Lambs from the natural rearing system showed in general, higher immune condition and
BW than animals reared under the different artificial system during the first days after
birth. However, further studies will be necessary in order to achieve a similar initial 19G

concentration in the artificial rearing groups compared to the natural ones.

These findings may improve the management systems in place in lamb farms as it
shows that it is not necessary to colostrum feed immediately after birth and, also, that

goat colostrum could be used to bottle fed newborn lambs.

Chapter 4
Lambs that received 8 g of 1gG/ kg of BW (C8 group) were able to reach similar 1gG

and higher IgM concentration in blood than lambs reared under natural conditions (NR
group) during the first days after birth. However, NR group obtained higher
Complement System activity than any of the other groups (C4 and C8) in the same
period. During weaning, both artificial rearing groups (C4 and C8) showed a higher BW

and IgM and a similar IgG concentration and Complement system activity than lambs

reared under natural conditions.




Conclusions

This study reveals important information about the amount of colostrum that needs to be
given to newborn lambs reared under artificial conditions in order to reach similar

immune values to those reared under natural conditions.

Chapter 5

Early colostrum intake produced an overexpression of non-immunoglobulin proteins,
such as apoliprotein A-1V, plasminogen, serum amyloid A and fibrinogen. In addition,
all of these overexpressed proteins have been previously described as having immune
functions, demonstrating that colostrum is essential not only by its immunoglobulin
content but also by the non-immunoglobulin proteins that play a fundamental role in the
activation and attraction of immune cells, the apoptosis rate of the enterocytes and the
low gastric secretion, among others. The results of this work contribute information
about proteins with immune function that are increased after colostrum intake, that can
be used to decrease the lamb mortality and for instance to increase the economic benefit
for farmers. In future, further proteomic studies will be necessary in order to increase

the general knowledge about the role of colostrum in the passive immune transfer.

Chapter 6

The results of this work described the presence of 90 proteins in the sheep colostrum
proteome. Moreover, 8 proteins with immune function were increased in the lamb blood
plasma after colostrum intake. Understanding uptake and effect of colostrum is

important for future reduction of lamb mortality rates and will also contribute to

increase the economic benefit of sheep producers. Further proteomic studies will be




Conclusions

necessary, particularly using the SRM approach, in order to increase the general

knowledge about the role of colostrum in the PIT.
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