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Role for Pancreas in Biosynthesis of Creatine." (23922) 

JAMES B. WALKER (Introduced by A. Clark Griffin) 
Department of Biochemistry, Baylor Urtiversity College of Medicine, Houston, Tex. 

Two enzymes are involved in the biosynthe- 
sis of creatine from its amino acid precursors: 
arginine-glycine transamidinase and guani- 
dinoacetate methylpherase( 1,2). It has been 
generally accepted that arginine-glycine trans- 
amidination occurs only in the kidney; a 
product of this reaction, guanidinoacetate 
(glycocyamine) , is then methylated in the 
liver to form creatine. Several mammalian 
tissues other than kidney have been examined 
in the past for transamidinase activity, but 
the results have been uniformly negative 
(1,3). Recently, in an attempt to clarify the 
mechanism of transamidinase action, this lab- 
oratory undertook a search for other sources 
of the enzyme. One result of this search was 
the discovery in Streptomyces griseus of a 
new transamidinase which, unlike kidney 
transamidinase, does not react with glycine 
(4). A second result of this search was the 
discovery of a transamidinase which occurs in 
high concentration in mammalian pancreas; 
in this paper certain characteristics of pancre- 
atic transamidinase will be described. 

J4ethods. Dog pancreas and kidneys were 
removed from the carcass as soon as possible 
and stored in the frozen state. Ten % tissue 
homogenates were prepared with a Ten 
Broeck glass homogenizer in 0.1 M phosphate 
buffer, pH 7.4, containing 5 mg/ml of ethyl- 
enediamine tetraacetic acid (Versene) . A 
more purified enzyme preparation was ob- 
tained from pancreas by centrifuging the 
homogenate and fractionating the supernatant 
solution with ammonium sulfate at 4OC. The 

sayed by a pentacyanoammonioferrate meth- 
od(4). Incubations were carried out in 
small test tubes in 0.1 M phosphate buffer, 
pH 7.4. Canavanine sulfate and hydroxyla- 
mine hydrochloride were neutralized before 
use with potassium hydroxide. Synthetic hy- 
droxyguanidine sulfate, used as a standard in 
the colorimetric assays, was prepared from 1 
M S-methylisothiouronium sulfate and 1.5 M 
hydroxylamine (prepared from hydroxyla- 
mine sulfate plus barium hydroxide). The 
aqueous solution was allowed to react for 24 
hours a t  room temperature in a hood. Hy- 
droxyguanidine sulfate was then precipitated 
from the reaction mixture by the slow addi- 
tion of acetone; the filtered precipitate was 
washed with methanol, followed by acetone. 
The product was recrystallized from water. 
The structure of hydroxyguanidine was con- 
firmed by elementary analysis and by reduc- 
tion to guanidine with palladium and hydro- 
gen. The pK of hydroxyguanidine was 
found to be approximately 8.1; i t  is stable in 
acid solution, but it is less stable in neutral 
and basic solutions. 

Results. Preliminary experiments estab- 
lished that pancreatic transamidinase has the 
same substrate specificity as kidney trans- 
amidinase. Canavanine, arginine, and guani- 
dinoacetate are the most active amidine don- 
ors, while ornithine, canaline, and glycine are 
the most active amidine acceptors(6). It 
would appear that the synthesis of guanidino- 
acetate is a major function of pancreatic 
transamidinase. 
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TABLE I. A Comparison of Traiisamidinase Ac- 

p o l e s  product f ormed/g 
tissue ( T w t  wt)/hr 

xss:ly systcin Ricliicy Pnncrens 

on a wet weight basis transamidinase activity 
is approximately 5 times higher in pancreas 
than in kidney. Approximately the same ra- 
tio of activities was also obtained for cana- 
vanine-glycine transamidination, as estimated 

tirities of Kidiicy :11itl Pancreas Homogcnates. 
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amidine group of arginine to hydroxylamine, 
with the formation of hydroxyguanidine and 
ornithine(8). For assay purposes in this lab- 
oratory canavanine. a structural analogue of 
arginine. is substituted for arginine in Re- 
action (a ) .  The resulting reversible cana- 
vanine-ornithine transamidination can then 
be made essentially irreversible by trapping 
one of the reaction products, canaline, 
with a carbonyl compound such as acetone 
or pyruvate( 9) : the other reaction pro~luct 
is arginine, which can be determined colori- 
metrically. Alternatively transamidinase ;K- 
tivity can be assayed by Reaction (b):  pro- 
vided that the system assayed has rela- 
tively little arginase activity. since as will be 
seen, ornithine strongly inhibits Reaction ( b ) .  

In Table I the transamidinase activities of 
dog kidney and dog pancreas are compared, 
using both assay sxstems. It is evident that 

from guanidinoacetate formation. 
In studies of the mechanism of transanii- 

dinase action carried out in this laboratory, 
attention has recently been focussed upon the 
role of hydroxylamine as an amidine acceptor. 
I t  has been suggested that hydroxylamine 
might react nonenzymatically with an en- 
zyme-amidine intermediate formed by the in- 
teraction of arginine with transamidinase( 4). 
In  any event i t  can be seen from Fig. 1 that 
high concentrations of hydroxylamine are re- 
quired to achieve a maximal rate of arginine- 
hydrosylamine transamidination. (For the 
experiments of Fig. 1-3, a dialyzed ammonium 
sulfate enzyme fraction from dog pancreas 
was used, instead of the more complex homo- 
genate system.) Fig. 2 and Fig. 3 summarize 
the results obtained from time-course studies 
of arginine-hydroxylamine and guanidinoace- 
ta te- hydrox ylamine transamidina tion rea c- 
tions, respectively. Both reactions are 
strongly and specifically inhibited by the ami- 
dine acceptors ornithine and glycine. Other 
closely related compounds which are not ami- 
dine acceptors are also not effective inhibitors 
of hydroxyguanidine formation (4,8). 

Discussion. The observation that pancreas 
is a rich source of arginine-plycine transami- 
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FIG.  1. Rate of srgiiiiiic-li~!.dro.uS1:tniinc tr;riis:iiiiitliiittion as a function of hydroxylaminc 
concentrntion. Argiiiiiie, .033 i r  ; 3 ilia cnzp lc /n i l :  inciibatcd 90 mill. at 21°C. 

FIG.  2 .  Time-course of ~irg.iniiic-liyrlros~l;~~~liac t r:uisamidina tion, showing inhibition by a 
competing aiiiidinc acceptor added to an aliquot at the iiidicated time. Argiiiiiie, ,033 N; hy- 
droxylamine, .ci If; ornithilie, .03 M; 3 mg eiizynic/ml; incubated at 21°C. 

FIG. 3. Tinic-course of guaiiidiuoscet,;lte-h?.tlrosylaniiiie traiisalriiiliiiation. Giianidinoacc- 
tate, .02 11; hydrosyhmiiie, .6 N; 10 mg ciizymc/nil; illcubnted at 25°C. 
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dinase suggests that this organ plays an im- 
portant role in the biosynthesis of body crea- 
tine. Whether or not methylation of guani- 
dinoacetate also occurs in pancreas remains 
to be determined. In any event guanidinoace- 
tate formed in the pancreas and released into 
the blood stream would have but a short jour- 
ney via the portal vein to the liver, where 
methylation definitely can take place (2 ) .  In 
contrast to pancreas, the weak transamidinase 
activities of thymus and testis, briefly noted 
elsewhere(4) ? may be too low to be of physio- 
logical significance. It is of interest to com- 
pare the distribution of transamidinase in the 
mammal with that of another enzyme involved 
in arginine metabolism, argininmuccinase, 
previously known to occur in mammals only 
in liver and kidney ( 10) . Argininosuccinase 
has recently been found in this laboratory 
to occur in numerous other tissues of the 
body, such as brain, testis, spleen, pancreas, 
thymus, heart, and skeletal muscle. The 
significance of this distribution is not known 
a t  present. 

Summary. Arginine-glycine transamidi- 
nase, one of the 2 enzymes concerned with the 
hiosynthesis of creatine from amino acid pre- 
cursors, has been found to occur in high con- 
centration in mammalian pancreas. Homo- 

genates of dog pancreas have approximately 
5 times the transamidinase activity of kidney 
homogenates from the same animal, on a wet 
weight basis. The assay systems by which 
these tissues were compared included (a) 
canavanine-ornithine transamidination, made 
unidirectional by the addition of a carbonyl 
compouhd to trap canaline, and (b) arginine- 
hydroxylamine transamidination. It is sug- 
gested that the ability to catalyze these latter 
two reactions is a characteristic property bf 
transamidinases. Chemical and enzymic syn- 
theses of hydroxyguanidine are described. 
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Effect of C,ortisol on Gastric Ulcers of the Shay Rat. (23923) 
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Since Shay et al. (1) published that gastric 
(rumenal) ulcers could be produced by ligat- 
ing the pylorus of a fasting rat, numerous 
studies have appeared, using this technic, on 
the effect of various agents on formation of 
such ulcers and on the composition of the 
gastric juice which accumulates. It has been 
found that following adrenalectomy, rumenal 
ulcers do not develop(2,3) and acid and pep- 
sin production by the mucosa is greatly di- 
minished (4,s). Replacement therapy with 
corticoids, however, results in ulcer formation 
(3) coincidental with the return of normal 
gastric secretion ( 5 ) .  In the present communi- 

cation, we report the influence of large doses 
of cortisol (COL) on gastric ulcers using the 
Shay rat preparation. 

Materials and methods. A total of 98 fe- 
male rats, of an average body weight of 160 
g ,  of the Upjohn strain (originally from 
Sprague-Dawley ) were divided into groups of 
8-10 animals. Half of these served as con- 
trols (receiving cortisol vehicle), whereas the 
other half were treated with cortisol. At 9:OO 
a.m., 48 hours prior to operation, food was 
removed. Pylorus ligation was performed 
after this period of fasting according to Shay's 
procedure( 1) ; however, in order to avoid any 


