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Electrophoretic Studies on Serum Proteins of Young Germfree, Conven- 
tional and Antibiotic Treated Conventional Chickens.*t (23893) 

BERSARD S.  \YOSTMA” AND H E L M U T  A .  GORDON (Introduced by Thomas G. Ward) 
Lobund ZnstitiitP. University of .Votre Dame, Notre Dame, Znd. 

One of the characteristics of the germfree 
animal is a low level of antibody-containing 
globulin fractions. Thorbecke r t  al .  found 
that in the germfree chicken a low level of 
gamma globulin persisted throughout the first 
3 months of life. In the conventional: bird. 
during the same time period. this antibody 
containing fraction steadily increased ( 1 ) . 
Meanwhile: we showed that conventional 
chickens treated orally from birth with 50 mg 
procaine penicillin G/kg diet develop certain 
organ characteristics which are qualitatively 
similar to those seen in germfree animals ( 2 .  
3 ) .  Tn essence. these consist of lower weight 
and less lymphoid tissue content of such or- 
gans which are normally in close association 
with an abundant microbial flora. Compar- 
able changes have been reported by others(4. 
5 ~ 5 . 7 ) .  Present evidence points to an influ- 
ence of the antibiotic on composition and or 
metabolism of the intestinal flora as the most 
likely explanation of this effect on the host. 

* Tlhese studies were aided by contract betwwn 
Office of Naval Research and Vniversity of Sotrc 
Dame. 

t The authors are indebted to Charles Pfizer and 
Co. for supvlying practical diets. to Eli Lilly and 
Ca. for procaine penicillin and testing its potency 
after sterilization, to Dr. John G. Trump of the 
Mass. Inst. of Technology for radiation-sterilization 
of ,tihe antibiotic anmd 40 Mrs. Marge H. Heaver for 
performing electrophoretic analysis. 

4 Indicating animals of normal stock. 

Tt was therefore considered of interest to know 
whether oral administration of procaine peni- 
cillin G to young growing chickens, which was 
able to produce such definite “germfreelike” 
morphological features, would have an influ- 
ence on the globulin fractions of the serum. 

Methods.  White Leghorn chickens of mixed 
sexes were used a t  35, 75  and 125 days of age. 
The germfree birds were hatched into the 
Reyniers germfree system (8,s). After hatch 
the experimental animals were maintained in 
commercial brooders and in germfree units re- 
spectively. Percentage composition of diet 
(L-289F) was as follows: yellow corn 50, soy- 
bean meal 23, wheat midlings 9, casein 7, 
alfalfa 2, fish meal 2, meat scraps 2,  minerals 
4, vitamins and carriers 1. Throughout the 
experiment steam-sterilized diets were used 
(12loC, 25 min). Diet and tap water were 
offered ad 2ih. The present regimen allowed 
normal growth of both conventional and germ- 
free animals. Procaine penicillin G was ad- 
ministered a t  50 mg/kg diet. For further de- 
tails, see Gordon et al. ( 3 ) .  All animal ma- 
terial indicated as germfree tested so u p  to 
moment of sacrifice, with the exception of the 
1 2 5-day-old group. These animals became 
contaminated accidentally with a pure culture 
of Mz’c~ococcus sp., 1 to 6 days before termina- 
tion of experiment. Specific name of the 
contaminant was not determined. As previous 
experience has shown that in all probability 
no major changes in serum pattern can be ex- 
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TSBLE I. Serum Protein Fractions in  Germfree (GF) ,  Conventional (Conv.) and Penicillin- 
Treated Conventional (PP) Chickens (Sexes Mixed). Under heading Albumin, number of ex- 
perimental animals is indicated. S.D.M. values a re  given of data expressed i n  mg  %. The da ta  

were obtained with Antweiler's microelectrophoresis apparatus. 

Albumin a 1 globulin a 2 + p globulin y globulin 
Age, r 7 1  > /  > r -  > 
days Units G F  PP Conv. G F  PP Cony. G F  PP Conv. G F  PP Conv. 

35 % 78(8)  73(13)  73(9)  3 4 3 10 9 10  9 14 14 
m g %  2775 2509 2315 102 129 95 353 312 332 331 475 443 

- i - 9 4  -1-55 t 8 9  _ t 8  5 1 5  + 2 4  2 3 1  + 2 6  t 2 1  +-21 3 . 3 9  & 2 3  

rng % 2673 2712 2623 170 96 108 306 375 341 321 806 800 
2 7 9  r 84 115 & 31 4 14 & 19 & 2 7  t l G  2 2 5  & 4 3  1 8 5  k 5 5  

125 % 74*(4)  63(11)  57(10) 4* 2 3 12" 12 12 10" 23 28 
mg% 2753" 2448 2450 160" 94 106 442" 461 506 397" 8'77 1171 

-1-141 2 105 5 72 2 5 0  5 14 t 10 & 32 k 1 7  t 3 1  L-20 1 5 6  -C- 77 

- 

75 % 77(5)  68(9)  68(11) 5 3 3 9 9 9  9 20 21 

~~ 

* Chickens became contaminated with a pure culture of Xicrococcirs sp. 1 to  6 days before 
sacrifice. 

TABLE I (a). Selected Analysis of Differeiices in Table I. ---- Albuniin ---> ,-- a 1 globulin - ,-- a 2 + B globulin --, globulin------, 

P P P 
(I: 3 5 d  G F  v s  Coiiv. < . O l  7 5 d  G F  '1;s Conv. .23 120il (SF cs Conv. .33 35d G F  '1;s Conv. 

? 3  & G F  '1;s PP .03 G F v s P P  .01 G F  vs  PP 
< 2  PP DS Conv. .05 120 d G F  21s Conv. .50 75d G F  vs Conv. 

G F  vs PP = 5 a  z s  G F  zw PP .13 
M 120d G F  P ' S  Conv. .05 125 d G F  vs Conv. 
5 s  G F  vs PP 

PP vs Conv. 

9 Q  

P 
< . O l  

.01 
< . O l  

<.0 l  

.03 

1) 

9 7  

Gk' 35d qj.0 125d .15 G F  3 5 d  Z'S 125 d .15  
FP xiCi r.s 125d <.oi PP 35il '1;s 75a < . o i  

C h v .  35 cl v.9 125 d " 75d 2's m a  .40 
Conv. 35 d '1;s 75 d < . O l  

75 d vs 125  d " 

pected within the first week after contamina- 
tion, we have included these data in our re- 
sults. Serum analysis was performed with 
Antweiler Microelectrophoresis apparatus 
using 0.2 ml samples. Total serum protein 
was determined using the Sargent Kagan 
Pro teinome ter . 

Results are given in Tables I and I (a )  while 
typical pictures of germf ree and conventional 
chicken serum are given in Fig. 1. Fractions 
correspond to those given by Sanders et aZ. 
( lo ) ,  and Deutsch et aZ.( 11). It was, how- 
ever, possible in practically all instances to 
establish the separation between fractions 
alpha 1 and alpha 2,  while a clear-cut separa- 
tion between alpha 2 and beta globulins was 
not always feasible, especially in older age 
groups. To avoid arbitrary values, alpha 2 
and beta fractions are evaluated together, 

while alpha 1 globulin is given as such. 
Results obtained with Antweiler Micro- 

electrophoresis apparatus differ slightly from 
those obtained with the classical Tiselius 
technic. Bierring and Nielsen report that in 
human serum albumin tends to be about 10% 
higher, while beta globulin values are lo'wer 
( 1 2 ) .  These observations have been con- 
firmed by us. 

Gamma globulin values in germfree birds 
stayed low during the experiment, confirming 
earlier results ( 1 ) . The conventional chickens 
already had a higher than germfree level at 
35 days and showed normal increase with 
age. Penicillin-fed birds paralleled the un- 
treated conventionals up to 7 5  days, but there- 
after further increase in gamma globulin level 
seemed to slow down. 

In many instances, a separation olf gamma 



834 

evaluate sexes separately. Analysis of data 
in the untreated conventional and penicillin- 
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- - GAMMA GLOBULIN. CONV __ 
+-------. GAMMA GLOBULiN PP - 

- 
~- 
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CONVENTIONAL 
CHICKEN SERUM 

GERMFREE 
CHICKEN SERUM 

GERMFREE 
CHICKEN SERUM 

FIG. 1. Electroplioretie pat terns  of the sc~ru111 of - -  
I a-day-old gernifreo a 1 1 1 1  co~iv~~l i t ionnl  cli icktws. 

globulin fraction into gamma 1 and gamma 2 
was possible. In all 3 experimental categories. 
the average amount of gamma 1 then coni- 
prised between and % of total gamma 
globulin fraction. KO influence of age of ani- 
mal on this partition was seen. 

The alpha 2 + beta globulin fraction in- 
creased slightly with age and was apparently 
more or less alike in all 3 experimental groups. 
In the alpha 1 fraction, no obvious trends 
were seen. In the albumin fraction, however. 
germfree values tended to be higher than con- 
ventional and penicillin-treated, both in the 
35-day and in the 125-day group. 

For evaluation of these results? data on 
males and females were combined. This was 
done mainly because in the older age groups 
not enough germfree material was available to 

the male after 9 weeks of age, as mentioned 
by these authors, did not show in the present 
results. 

Discussion. Present data indicate that 
most or all antibodies which are formed as a 
reaction to bacterial stimuli are located in the 
gamma globulin fraction, especially since the 
increase of antibacterial antibody( 14) and of 
gamma globulin with age go roughly parallel. 
In the germfree chicken, where no known 
stimulus of viable bacteria is available, a cer- 
tain basic level of gamma globulin is still 
present, though the typical increase with age is 
virtually absent. The question whether this 
represents mostly “inert” gamma globulin or 
the product of an antibody response against 
unknown antigenic stimuli cannot be an- 
swered satisfactorily. 

3Eorphological differences between germ- 
free and conventional animals, such as re- 
duced weight of small intestine and ileocecal 
lymph nodes, are well established at  35 days 
of age(3). In that case the neutralizing ef- 
fect of penicillin on flora stimulation evidently 
makes itself felt from the start. However, 
antibody titers in normal conventional chicken 
are known to build up slowly( 14), a fact 
which apparently is reflected in the gradual 
build-up of gamma globulin content over the 
germfree level. Here, the effect of the anti- 
biotic seems to be virtually absent for the first 

GERMFREE 
100 

- 0-0 ILEOCECAL LYMPH NODES CONK 
. 0- - - - - -0 IL EOCECAL LYMPH NODES P P 
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3 months, while only at the age of 4 months, 
signs of a neutralizing effect became appar- 
ent (Fig. 2 ) .  

Evaluation of fractions gamma 1 and 
gamma 2 globulin was done wherever possible 
in the hope of finding one fraction containing 
mostly “germfree” gamma globulin along 
with another containing mostly flora induced 
gamma globulin. It was found, however, that 
gamma 1 and gamma 2 participated to a b u t  
the same extent in all 3 experimental p u p s  
in all age classes investigated. There is a 
tendency for the germfree animal to have a 
somewhat higher serum albumin level. Our 
experiments have shown that this is definitely 
so in the rat and the same phenomenon mani- 
fests itself here in 35-day and 125-day groups. 
A possible explanation may be to regard the 
higher albumin content in germfree as com- 
pensating fdr the lower gamma globulin level 
to maintain the osmotic equilibrium. 

As these experiments were mainly designed 
for a detailed study of morphological and re- 
lated changes brought a b u t  by feeding of 
penicillin, the emphasis was placed on younger 
age groups and no data beyond 125 days are 
available. I t  is felt, however, that the indu- 
ence of feeding penicillin on the gamma 
globulin level of the conventional chicken 
should be confirmed in animals of older age 
groups. Work along these lines is in progress. 

Summary. The effect of feeding procaine 
penicillin G (50 mg/kg diet) on the electro- 
phoretic pattern of serum of young conven- 
tional chickens was studied and compared 
with data obtained from germfree animals, 
While the effect of the antibiotic on morpho- 
logical characteristics of conventional chicken 
made itself felt after one month, up to the age 
of 2% months no differences were seen in the 

electrophoretic pattern. Both groups showed 
an equal increase in gamma globulin o,ver the 
level found in serum of the germfree animal. 
At 4 months, however, the antibiotic-treated 
birds showed lower gamma globulin values 
than the untreated group, though the level was 
still substantially higher than found in germ- 
free serum. 
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