
ACTA VET. BRNO, 49,1980: 67-74 

IMMUNOGLOBULIN PROTEOSYNTHESIS IN ORGAN CULTURES 
F~OM NEWBORN PIGLETS 

J. HAMPL, J. FRANZ, J. SrtpANEK, A. HOLUB, J. MENSiK 

Veterinary Research Institute, 621 32 Bmo 

Received NOfJember 20, 1979 

Abstract 

Hampl J., J. Franz, J. Stepanek, A. Holub, J. MenUk: Immunoglobulin 
Proteosynthesis in Organ Cultures from Newborn Piglets. Acta vet. Bmo 49, 1980: 
67-74. 

• 
The synthesis of total protein including immunoglobulins by piglet ileum, je­

junum, mesenteric lymph node, spleen, lung, trachea, salivary gland and nasal 
mucosa was studied by affinity chromatography using tissue fragments obtained 
from 9 colostrum-deprived, hysterectomy-derived and 9 conventional colostrum_fed 
piglets and grown in culture medium enriched with HC-Iabelled amino acids. Newly 
synthesized protein and immunoglobulins IgG, 19A and IgM were demonstrated 
in all the organs under study in the two groups as early as 2 days after birth. 

Immunoglobulins IgG, IgM, IgA, total protein. 

Newbom pigs, like the young of other animal species, are not immunologically competent at 
birth. Therefore only very low immunoglobulin concentrations can be demonstrated in their 
blood before ingestion of colostrum (Bourne, Curtis, Johnson and Collings 1974; Franek, 
~iha and Sterzl 1961; Franek and ~iha 1964; Kim, Bradley and Watson 1966; MenSik 
and Franz 1969; Porter, 1969, Prokesova and Rejnek 1973; Setcavage and Kim 1976; 
Well mann and Reblin 1972), with the exception of piglets stimulated antigenically in utero 
(Avrameas and Thernynck 1969; Franz, MenSik and Pokorny 1971; MenSik and Franz 
1969; Wellmann and Reblin 1972). The resistance of piglets during early postnatal life de­
pends practically on passive acquisition of immunoglobulins and specific antibodies through 
ingestion of colostrum, with this process being restricted to the first two days after birth. Passi­
vely acquired antibodies circulating in the body fluids are then eliminated depending on the 
biological half-lives of individual immunoglobulin classes (Courtis and Bourne 1973; Mar­
tinsson 1975; Prokes ova and Rejnek 1973) and the resultant lack of circulating antibodies 
is gradually made up for by active antibody production. 

The present study was designated to assess the involvement of individual organs of newbom 
pigs in the production of proteins and immu,noglobulins IgG, IgA, and IgM during the first five 
weeks after birth using tissue fragments grown in culture medium enriched with uC-Iabelled amino 
acids. 

Materials and Methods 
Experimental Animals 

Nine conventional sow-rear.ed piglets and nine hysterectomy-derived piglets reared in incu­
bators under specific-pathogen-free conditions were employed. Three animals were killed from 
each group at 2,10 and 35 days of age. Or~ cultures were prepared from the following organs: 
ileum, jejunum, spleen, lung, salivary gland, nasal mucosa, trachea and mesenteric lymph node. 

Cultivation of Organ Fragments 
The tissues were minced into 1- to 2-mm fragments, washed in several changes of Trowel's 

medium and started on plastic lattice in petri dishes containing 1.2 ml of culture medium which 
was essentially that of Trowel supplemented with 1 per cent inactivated foetal calf serum and 
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penicillin and streptomycin and containing 185 kBq (5 uCi) of uC lysine and uC isoleucine/mI, 
with the concentration of non-labelled lysine and isoleucine in the medium being ten times re­
duced. The organ cultures were incubated in an atmosphere of 95 per cent O2 and 5 per cent 
CO2 at 37° C for 24 hours. 

Protein Synthesis 
After cultivation, the tissue fragments were frozen, thawed, homogenized and then separated 

from the culture medium by centrifugation at 3500 r. p. m. for 15 minutes. Nonincorporated la­
belled amino acids were removed by dialysis of the culture medium against phosphate buffered 
saline for 48 hours. Volume was adjusted to l.5 ml by pressure dialysis. The amount of newly 
synthesized total protein was determined in an aliquot of the dialyzed medium by precipitation 
with 10 per cent trichloracetic acid. The precipitate was then dissolved in NCS solubilizer (Nuclear 
Chicago) for 24 hours and its radioactivity was measured by liquid scintillation and expressed 
as counts per minute per gram (wet weight) of tissue. 

Preparation of Antisera 
Antisera against pig immunoglobulins were prepared by immunizing rabbits with immuno­

electrophoretically pure pig immunoglobulins IgG, IgM and IgA. The rabbit antisera were sa­
turated with insolubilized nonspecific Ig according to Avrameas and Thernynck (1969). The 
specificity of these antisera was ascertained by immunoelectrophoresis and double diffusion in 
agar gel. 

Affinity Chromatography 
Specific immunosorbents for isolation of pig IgG, IgA and IgM were prepared by coupling 

monovalent r.abbit antisera to CNBr-activated Sepharose 4B (Axen, Porath and Ernback 
1967). Four ml of antiserum was precipitated with 40 per cent saturated ammonium sulphate. 
The antibodies were dialyzed against the coupling buffer and then coupled to 5 g of wet CNBr-acti­
vated Sepharose 4B; the remaining reactive sites were blocked with 1 M ethanolamine. The gel 
thus obtained was packed into small chromatographic columns and checked for specificity before 
use. 

The newly synthesized immunoglobulins IgG, IgM and IgA were determined by affinity chro­
matography according to Svenerholm and Holmgren (1977). The samples were run through 
the columns. Nonspecific proteins were washed out with starting buffer, pH 7. Elution of speci­
fically bound material was carried out with glycine buffer, pH 3. A portion of each immunoglo­
bulin eluate was mixed with the solubilizer and allowed to solubilize for 2 hours. The radioacti­
vity was measured by liquid scintillation and the amounts of newly synthesized immunoglobulins 
IgG, IgA and IgM were determined as counts per minute per gram of tissue. 

Results 

Total Protein Synthesis 
The amounts of total protein synthesized by the organs under study were 

higher in hysterectomy-derived, colostrum-deprived animals. In both experi­
mental groups, the magnitude of protein synthesis was highest from nasal mucosa 
and lowest from trachea and jejunum (Fig. 1-3). There were no substantial 
changes in the rate of protein synthesis during the observation period. 

Immunoglobulin Synthesis 
In conventionally reared piglets the synthesis of IgG by the organs under study 

was demonstrated as early as two days after birth in amounts exceeding consider­
ably those of either IgA or IgM. The IgG values then decreased with age in all 
the organs except jejunum and trachea (Fig. 4-6). 

On the other hand, the amounts of IgG synthesized by the organs of hyste­
rectomy-derived, colostrum-deprived piglets were much lower than in conventio:.. 
nal piglets at 2 days after birth, but increased thereafter, with the exception of 
trachea, approaching the values in conventional animals. 

The synthesis of IgM by the organs of piglets of both experimental groups 



2 days 

'" .~~ 
L. 0 

E ~ c: 
::J C:..c: c: 

E c: III a. III 
::J :G E ~ bO ::J c: 

~ :~ E~ a. .2 '" 

35 days 

cpm 

l~li .. 
.~-8 
1-0 

E ~c: 
::J C:..c: c: 

E c: lila. III 
III 1>0 

::J ::J :G E Q. c: . ~ :!: E~ .a .. 

to 
'" 0 
V 
::J .. E III 

..c: 
~ u .. 

L. to ... c: 

I:J 
to 

'" 0 
V 
::J 

to E III 
..c: ;;; v .. '" I- .. ... c: 

"0 
c: .. 
00 
>-. 
L. 
to 
.~ 
Ii 
III 

8.106 

cpm 

10 days 

69 

>-. 
I­.. 
> 
'~ .. 

l 
"0 
c: .. 
bo Fig. 1-3. 
>-. Synthesis of total protein in the organs of l-
to 

colostrum-fed (open bars) and colostrum-.~ 
;;; deprived (filled bars) piglets '" 

was also demonstrated as early as two days after birth, but its amount was lower 
and the differences between colostrum-deprived and conventional piglets were 
less marked, with the exception of ileum, than in the synthesis of IgG. The rate 
of IgM synthesis during the observation period changed little in conventional 
piglets, with a decrease being recorded only for ileum, and rose by the 35th day 
after birth. in colostrum-deprived piglets (Fig. 7-9). 

The synthesis of IgA, like that of IgM and IgG, was demonstrated in the organs 
of both colostrum-deprived and conventional piglets as early as two days after 
birth. Its amounts were similar to those of IgM. In conventional piglets, the mag­
nitude of IgA synthesis was higher from ileum than from the other organs and 
decreased during the observation period similarly to the synthesis of IgM. The 
IgA synthesis from the remaining organs of both colostrum-deprived and con-
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ventional animals changed little during the observation period, with increases 
being recorded only for the nasal mucosa and salivary gland of conventional piglets 
(Fig. 10-12). 

Discussion 

Numerous attempts have been made to determine the onset of immunoglobulin 
synthesis in newborn piglets on the basis of demonstration of immunoglobulin­
-synthesizing cells (Allen and Porter 1973; Bradley, Bourne and Brown 
1976; Brown and Bourne 1976). Our objective was a quantitative assessment 
of protein and immunoglobulin synthesis in the organs of newborn pigs using 
tissue fragments grown in vitro and following the procedure that proved useful 
in similar studies (Lai, McClelland and Van Furth 1976; Lee, Hand and 
Can tey 1974; Svennerholm and Holmgren 1977; Stakeberg, Gustafson 
and Schersten 1974). 
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Synthesis of IgG in the organs of colostrum­
fed (open bars) and colostrum-deprived (fil­

led bars) piglets 
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10 days 

Fig. 7-9. 
Synthesis of IgM in the organs of colostrum­
fed (open bars) and colostrum-deprived (fil­

led bars) piglets 

An observation of particular interest is the finding that the synthesis of total 
protein by tissue cultures maintained under constant conditions was higher in 
colostrum-deprived than in conventional piglets. On the other hand, the amount 
of immunoglobulin, particularly IgG, synthesized by the tissues was higher in 
colostrum-fed than in colostrum-deprived piglets. 

These findings are reminiscent of the observations of Brown and Bourne 
(1976) who using peroxidase-conjugated antisera failed to demonstrate immuno­
globulin-containing cells in intestine, spleen and mesenteric lymph node of 
newborn pigs before ingestion of colostrum, but found immunoglobulin-synthe­
sizing cell populations in the organs from piglets that ingested colostrum. In 
our view, the demonstration of IgG, IgA and IgM synthesis in colostrum-depri­
ved piglets in the present study is due to the sensitivity of the method employed. 

Prokesova and Rejnek (1973) demonstrated the formation of IgM, IgG 
and IgA by individual lymphoid cells in newborn pigs by means of autoradio­
graphy. The possibility of immunoglobulin synthesis in foetal pig cells was suggest­
ed by Chapman et al. (1974), J aroskova (1977) and Prokesova (1977). Using 
autoradiography, the last-named investigator demonstrated immunoglobulin-syn­
thesizing cells in foetal pigs aged 44 days. Allen and Porter (1973) using im­
munofluorescence demonstrated the presence of IgA secretory component in the 
intestinal mucosa (crypt epithelial cells) of foetal pigs aged 80 days. The capacity 
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Fig. 10-12 . 
Synthesis of 19A in the organs of colostrum­
fed (open bars) and colostrum-deprived (fil­

led bars) piglets 

of foetal pigs to produce specific antibody, particularly against viral antigens, 
has been demonstrated (Bourne, Curtis, Johnson and Collings 1974; Franz, 
Mensik and Pokorny 1971; Mensik and Franz 1969). 

The incidence of immunoglobulin-synthesizing cells in the respiratory tract 
of the pig was a subject of studies by Bradley et al. (1976) who using permti­
dase-conjugated antiserum failed to find IgG, IgA and IgM synthesizing cells 
in colostrum-deprived newborn pigs, but found them in the respiratory tract 
of piglets on the 6th and 7th days after ingestion of colostrum. The views on the 
distribution of newly synthesized immunoglobulin of various classes have been 
rather conflicting (Allen and Porter 1973; Prokes ova 1977). They seem to 
depend on the organ examined, the method of detection and, last but not least, 
on the binding capacity of the antiserum. Our results suggest that the bulk of 
the newly synthesized immunoglobulin was IgG, particularly in colostrum-fed 
piglets. The method employed in the present study is apparently more sensitive 
than immunofluorescence and peroxidase methods and may prove useful as an 
in vitro test of the immunoglobulin-synthesizing capacity of the lymphatic tissue 
of central lymphatic organs or the submucosal lymphatic tissue of the respiratory 
and intestinal tract. The results reported here indicate a stimulatory effect of 
colostrum manifested by increased synthesis of immunoglobulins in both peri­
pheral and central lymphatic tissue. 
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Proteosynteza imunoglobulinu v organovYch kulturach u novorozenych 
selat 

Kultivaci organovYch fragmentu v mediu obsahujicim 14C znacene aminokyseli­
ny a mislednou afinitni chromatografii byla sledovana schopnost syntezy bilko­
viny vcetne imunoglobulinu. V organech (ileum, jejunum, mezenteriaIni mizni 
uzlina, slezina, plice, slinmi zlaza, nosni sliznice) bezkolostnilnich SPF a kolostrem 
krmenych selat byla prokazana synteza bilkoviny a imunoglobulinu IgG, IgA 
a IgM jiz ve 2. dni zivota. 

IIpOTeocHHTe3 HMMYHOrJlO6YJIHHOB B opraHOKYJIbTypax HOBOpOJK;a;eHHbIX nopOCH'! 

ABTOP rrYTeM KYJIbTHBHpOBaHHH opraHocpparMeHToB B cpe;a;e co.uepJKaru;ell He 
MeqeHble aMHHOKHCJIOTbI H nYTeM CJIe;a;yroru;ell acpcpHHHTHOll xpOMaTorpacpHH HC­

CJIe.uOBaJI cnoco6HOCTb CHHTe3a 6eJIKa BKJIIOqaH HMMYHOrJIo6YJIHHbI. B opraHax 

(rrO;LJ;B3.uOlliHaH H Toru;aH KHIIIKH, JIHMcpaTHqeCKHll 6pbIJKeeqHbIll Y3eJI, CeJIe3eHKa, 

JIerKHe, CJIIOHHble JKeJIe3bI, CJIH3HCTaH 060JIOQKa Hoca) JIHIIIeHHbIX MOJI03HBa 

H cneU;HcpHQeCKHX naToreHOB H BbIKapMJIHBeMbIX MOJI03HBOM nopOCHT CHHTe3 

6eJIKa H HMMYHOrJIo6YJIHHOB IgG, IgA H IgM 6bIJI YCTaHOBJIeH YJKe Ha BTO­

pOll .ueHb JKH3HH. 
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