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TABLE I. 

Granulation tissue TTre in  unita/g 

A. Tissue from experimental 
granulating canine wounds 

Age of wound 
3 days 
8 ’) 

1. Dog. No. 1 

14 
2. Dog KO. 2 

a. from center of wound, 
14 days 

b. from periphery-mostly 
new epithelium, 14 days 

B. Tissue from granulating 
human wounds 

1. Indolent ulcer from pyo- 
derma gangrenosum in 
chronic ulcerative colitis; 
2 occasions 

t2. Same wound after heal- 
ing had begun (chemo- 
therapy) 

t3. Granulating dog bite in  
a human (1  week) 

4. Indolent varicose ulcer 
5. )’ 
t 6. Granulating thoracot- 

t 7. Granulating laparotomy 

8. Necrotic granulations from 

19. Infected laparotomy wound 
t l0 .  ” 
ill. ’) 

C. Rabbit callus determinations 

1. 5 days 
2. 8 ” 
3. 14 ” 

1 ,  9 ,  

omy wound 

wound 

laparotomy wound 

9 9  > 7  

,> 9 )  

in fractured femur 

80 
108 
208 

77 

10 

23; 30 

170 

224 
91 
81 

564 

161 

500 
91 

118 
159 

84 
60 
16 

~ 

t Healthy appearing granulating tissue. 

and dog are shown in the accompanying table. 
The assays were done by a viscosimetric 

method4 on extracts prepared as previously 
described.B 

As a result of thlese observations it is now 
apparent that high lysozyme concentrations 
are associated with some mesodlermal cell 
types as well its with epithelium. Th,erefore, 
further stud’y is warranted wit,h regard to the 
role of this tissue in the production of lyso- 
zyme in ulcerative alimentary disease. 

The deleterious effect of egg white lysozyme 
on the gastrointestinal r n u c ~ s a ~ ~ ~  has been 
confirmed in o’ur om5 as well as other labra-  
tories?s7 Furthermore, high stool titres in 
thle absenlce of occult blood in the feces and 
with sigmoidoscopically mn-ulcerated mucosa 
are frequently observed in chronic ulcerative 
colitis. These two considerations rendier less 
likely the possibility that granulation tissue is 
the source o f  ithe major fraction of the lyso- 
zyme tsitre in ulcerative alimentary disease. 
_ _ _ ~  

3 Meyer, K., Prudden, J. F.: Lehman, W. L., and 
Steinberg, A,, I?Roo. Soc. EXP. BIOL. AND MID., 
1947,85, 220. 

4Meyer, K., and Hahnel, E., J .  BbZ. Chem., 
1946, 1183, 723. 

5Prudden, J. F., Lane, N., and Meyer, K., to be 
published. 

6 Grossman, M. I., personal communication. 
7 Grace, W. J., Seton, D. H., Wolf, S., and 

Wolff, H. G., Am. J .  Med. Sci., 1949, 317, 241. 

ulation tissue was therefore unexpected. The 
lysozyme assays on1 granulation tissue of man 
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Received July 1, 1949. P.S.E.B.M., 1949, 79. 

Occurrence of Conjugase in Egg Yolks.” (17325) 

J. R. COUCH, FRANCIS PANZER, AND P. B. PEARSON. 
From the D e p r t m m t s  of Biochemistry and Nutrition, a8nd Poultry Husbandry, AgricuJturaE 

and Mechanical College of Texas, College Station. 

Pteroylglutamic acid- conjugases are en- 
zpmes that liberate microbiologically avail- ney,l chicken rat live+ and 
able PGA from more cotmplex forms of the 

* This work was supported in part  by a grant 
from the Lederle Laboratories Division, American 
Gyanamid Company. 1945, 159, 631. 

vitamin and have been reported in hog kid- 

During t.he course of routine PGA determina- 
1 Bird, 0. D., Bressler, B., Brown, R. A,, Camp- 

bell, C. J., and Emmett, A. D., J.  BbZ. Chem., 
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TABLE I. 
Pteroylglutaniic h i d  Values Obtained by Various Treatments of Egg Yolk." 

Not Not autoclaved 
Treatment s o t  Autoclaved + autoelaved + + autoclaved 
of sample hutoclaved t autoelawd chick pancreas chick pancreas chick pancreas ~ _ _ _ _  _______- 

Micrograins of PGA per 100 g of egg yolk (fresh weight basis) 
Chicken egg yolk 10.2 31.9 35.3 81.4 16.3 
Turkey egg yolk 41.9 60.2 62.9 129.7 60.8 

__- ~- ~ ____________ __-_--._._r.-- ___ ______ 
* Each value in  this table is the average of seven separate assaps. 
t All samples were incubated a t  37.5" C for 94 hours. 

tions in the laboratory, an indication was 
obtained that egg yolk also contains such a 
conjugase and' the present study was initiated 
to determine if this was correct. 

In order to test this hy- 
pothesis, the following treatments of samples 
were used. In the first place the sample was 
autoclaved for 15 minutes a t  15 lb pressure, 
incubated for 24 hours a t  37.5"C and assayed 
for free PGA. In the second treatment the 
sample was not autoclaved but was incubated 
in an effort to determine if any conjugase was 
present in the egg yolk. In  the third treat- 
ment the sample was autoclaved and 20 mg 
of dried chick pancreas was added prior t o  
incubation of the sample, in order to ascer- 
tain the amount of PGA liberated by the 
conjugase of chick pancreas. The fourth treat- 
ment consisted of adding chick pancreas to 
the unautoclaved egg yolk sample in order to 
determine total PGA and finally 20 mg of 
autoclaved chick pancreas was added to a 
sample of egg which had not been autoclaved 
in order to determine if egg yolk conjugase 
would liberate PGA from chick pancreas. The 
tenltative assay procedure for PG.4, as de- 
vised by FlynnG for AOAC collaborators, was 
used in determining the microbiologically 
available PGA with Lactobacillus casei as the 
test organism; growth was measured by acid- 
imetry. According to this procedure the 

ZLaskowski, M., Mims, V., and Day, P. L., 
J. Bid.  Claem., 1945, 157, 731. 

3 Mims, V., and Laskowski, M., J .  Bid.  C l t m . ,  
1945, 1160, 493. 

4 Sreenivasan, A., Harper, A. E., and Elvehjem, 
C. A., J. Biol. Chem., 1949, 177, 117. 

5 Simpson, R. E., and Schweigert, B. S., Awl) .  
Biochem., 1949, 20. 32. 

6 Flynn, L., Mimeographed Report to Collabo- 
rators on Folic Acid, 1948. 

Experimental. 

-___ 

sample is autoclaved first and then chicken 
pancreas is added prior to' incubattion. 

Chicken egg yolks used in these studies 
were (taken, flrom eggs laid by Single Comb 
White Leghorn pullets that had been in pro- 
duction #for approximlatdy 4 months. The 
turkey egg yolks were obtained from eggs 
laid by Broadbreasted Bronze turkey pullets 
that were just bteginning to lay. Both the 
turkeys and chickens were fed practical all- 
mash diets and were mai'ntained in individual 
laying cages with raised screenl bottolms. All 
eggs were collected daily and placed in a 
refrigerator a t  a temperature of approximate- 
ly 4.4"C. In  each case the pteroyl~lutamic 
acid determination was carried out on am 
individual egg yolk. Thle egg was broken and 
the white was separated and discarded. A 10 
g sample of the fresh yolk was blended in the 
Waring blendor with 90 Iml of distillled water. 
A 10 ml aliquot was pipetted into a 125 ml 
Erlenmeyer flask. Thirty ml of phosphate 
buffer (pH 7.0) and 10 ml of a chick pancreas 
solution, which contained 2 mg dried chick 
pancreas per mll, were a>dded. The dried chick 
pancreas w s  prepared according to the 
method of Burkholder, McVeigh and Wilson? 
The treatment of the samples prior to incuba- 
tion is indicated in Table I. All samples were 
covered with a layer of toluene and incubated 
at 37.5"C for 24 hours. After incubation! the 
samples were autwlaved for 15 minutes a t  
15 Ib pressure, diluted to 100 ml, filtered and 
aliquots were taken from (this stock salutionl 
for dilution purposes. 

When the egg yolk sample was autoclavd 
for 15 minutes at 15 lb pressure and incu- 
bated it was assumed' that any enzymes which 

"iurkholder, P. R., McVeigh, I., and Wilson, 
K., Arch. Bwchern., 1945, 7, 287. 
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TABLE 11. 
Liberation of PGA from Egg Yolk bp 1)iffereiit Conjugases. 

PGA 
P G A  liberated PGA liberated by  PGA liber- 

Libera tioii by liberated by chick synergistic action ated by egg 
cliff ereiit Free h: egg pnncrras Tota l  of egg yolk and chick conjugase from 

coiijugases PGA conjugase coiijugase E'GA p a n e w i s  coiijugase chick pancreas 

Yicrograins of P G A  per 100 g of ~ g g  ~ o l k  (fresh weight basis) 
-__- __. - - _  _ _ _ _ _  _ _  _ _  - __- - - __ 

Cliickeii egg 10.2 3 1.7 35.1 S i  .4 "4.4 -15.6 
yolk 

Turkey egg 41.9 18.3 21 .@ 129.i 48.5 
yolk 

+ 0.6 

were present were destroyed. Free PGA de- 
termined on such a sample amounted to 10.2 
pg per 100 g of chicken egg yolk (Tables I 
and 11). The free PGA value for turkey egg 
yolk was about 4 times that of the chicken 
egg yolk. 

The incubation of samples of egg yolk that 
had not been autoclaved resulted in an in- 
crease in PGA over that of the autoclaved 
sample described above (Tables I and 11). 
The magnitude of this increase was about the 
same for both the chicken and turkey egg 
yolks and amounted to 21.7 pg PGA per 100 
g yolk in tbe chicken egg and to 18.3 pg per 
100 g in the turkey egg yolk (Table 11). From 
these re.sullks it is apparent that egg yolk from 
the chickens and turk,ey contains a conjugase 
which liberates microbiologically available 
PGA. 

When the sample was autoclaved and chick 
panlcreas added as outlined in Flynn's pro- 
cedure6 this source of conjugase Jiberated 
21.0 pg of PGA per 100 g of chicken egg yolk 
and 25.1 pg of PGA per 100 g of turkey egg 
yolk (Table 11). These values are increases 
above the free PGA values and must have 
resulted t.hrough the action of chicken pan- 
creas conjugase. The value obtained for 
chicken egg yolk where the sample was auto- 
c lavd  and chick pancreas added (Table I) 
is in the range of that obtained by the AOAC 
collaborators ( Flynn6) when it  is converted 
to a dry weight basis. 

The total PGA, determined by adding 20 mg 
of chick pancreas to the unautoclaved sample, 
was 81.0 pg per 1001 g for the chicken egg 
yolk and 129.7 pg PGA per 100 g of turkey 
egg yolk. These figures are haigher than that 
which can be calculated by adding f i r e  PGA, 

PGA liberated by egg yolk conjugase and that 
liberated by chick pancreas conjugase (Table 
11). A total of these values gives 57.0 (10.2 + 21.7 + 25.1) pg PGA per 100 g chicken 
egg yolk and 81.2 (41.9 + 18.3 + 21.0) pg 
per 1 0  g turkey egg yolk. Thus 24.4 and 
48.5 pg PGA per 100 g egg yolk (Table 11) 
were liberated by the synergistic action of egg 
yolk and chicken pancreas conjugases for the 
chicken and turkey egg yolks respectively. 
The total PGA value obtained for chicken 
!egg yolk when converted to the dry weight 
basis approaches the lower value for PGA 
obtained by Flynn and collaboratorsG when 
dried' egg yolk was assayed for PGA by the 
chick assay. Thus with the combined action 
of egg yolk conjugase and chick pancreas con- 
jugase the value for the microbiologically 
available PGA approaches a similar value 
obtained by means of the chick assay for this 
vitamin. 

One sample was bested in each series to 
determine 'whether egg yolk conjugase was 
liberating PGA from the chick pancreas. In 
this instance the chick pancreas solution (2 
mg per ml) was autoclaved folr 15 minutes a t  
15 lb pressure and added to hhe unautoclaved 
egg yolk. The results (Table I) show that 
no appreciable liberation of PGA from chick 
pancreas was obtained by turkey e g g  yolk 
conjugase. A slight inhibitory effect was 
noted on the conjugase in chicken egg yolk 
when autoclaved chick pancreas was added 
prior to incubation. The PGA liberated by 
e g g  yolk conjugase amounted to only 6.1 pg 
per 100 g; whereas, 21.7 pg PGA was liberated 
by egg yolk conjugasle when autoclaved chick 
pancreas was not added. This represents a 
decrease of 15.6 pg PGA per 100 g yolk in 
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the presence of autoclaved chick pancreas 
(Table 11). 

From the results of this study maximum 
liberation of PGA from egg yolk occurs when 
egg yolk conjugase and chick pancreas con- 
jugase act together. 

Evidence is presented to show 
that chicksen and turkey egg yolk contain a 
conjugase which liberates PGA from these ma- 
tlerials. ,4 synergistic action of egg yolk con- 
jugase and chick pancreas is required in order 

Sumnzary. 

to obtain the total PGA in egg yolk of chickens 
and turkeys. The liberation of microbiologicd- 
ly availabl'e PGA from egg yolk by the com- 
bined action of egg yolk conjugase and chicken 
pancreas conjugase gives a total PGA value 
which approaches the value obtained by the 
chick assay for this vitamin. An inhibitory 
effect of autoclaved chick pancreas on the con- 
jugase of chicken egg yolk is indicated by 
the results. 
--___ _____ ~ --_- 
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That the secretion of the thyroid gland is 
intimately related to the physiology of lym- 
phoid tissue has been suggested by both 
clinical observation and laboratocry experi- 
ment. Marine and co-workers1 emphasized that 
peripheral lymphadlenopathy, splenomegaly, 
and persistence of the thymus gland were 
detectable in many patients with Graves' dis- 
ease. Several  investigator^'-^ have reported 
that stimuli which cause accidental involution 
of the lymphoid tissue of laboratory animals 
may have a more pronounced or more pro- 
longed effect in the absence of the thyroid 
gland. 

An important lin,k in the chain' of evidence 
-namely that augmented thyroid secretion 
results in hyperplasia of lymphoid tissue- 
has previously evaded de'monstration despite 

* Aided by a grant to Dr. Henry S. Kaplan from 
the National Cancer Institute, United States Pub- 
lic Health Service. 

t Post-doctorate Research Fellow, Nat'ional Can- 
cer Institute, United States Public Health Service. 

IMarine, D., Manley, 0. T., and Bauman, E. J., 

2 Selye, H., Endocrinol., 1937, 81, 169. 
3Reinhardt, W. O., and Wainman, P., PROC. Soc. 

4White, A., and Dougherty, T. F., Endocrinol., 

J .   EX^. Me&, 1924, 46), 429. 

EXP. BIOC. AND Mm., 1942, 49, 257. 

1947, 41, 230. 

severai experimental One possible 
explanation for this failure lies in the fact 
that the rat was the experimental animal em- 
ployed in most of these investigations. Evi- 
dence is accumulating that this animal, in 
the resting state, may be secreting thyroid 
hormone at a high rate;6 thus the add5tion of 
small doses of exogenous hormone might well 
be without significant effect. Large doses of 
hormone may produce relative malnutrition 
and involution, rather than hyperplasia, of 
lymphoid t i ~ s u e . ~  I t  was, therefore, con- 
sidered desirable to observe the consequences 
of thyroxine treatment in the mouse. Pro- 
found changes in the lymphoid tissues were 
observed. In view of the known alterations in 
adrenal curtical activity following treatment 
with thyroi,d' h ~ r m o n e , ~ ~ ~  a parallel experiment 
was conducted in adrenalectomized animals 
to study the possible cmtribution of this organ 

5Korenchevsky, V., and Hall, K., Biochem. J., 

6 Meites, J., and Chandrashaker, B., Endocrinol., 

7 Andreasen, E., A c t a  puth. e t  microbiol. S c a d ,  

8Lowenstein, B. E., and Zwemer, R. L., Endoc- 

9 Deane, H. W., and Greep, R. O., Endocrinol., 

1941,85, 726. 
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