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excretion. 
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Evidence for Participation of Vit. B6 in GIutamine-a-Keto Acid 
Transamina tion-Dearnidation Reaction. (22166) 

ALTON MEISTER* AND PHYLLIS FRASER DOWNEY. 
Laboratory of Biochemistry, National Cancer Institzcte, National Zmtitutes of Health, Bethesdu, M d .  

In a previous study( 1) it was found that, 
although h e r s  of vit. B6 deficient rats exhib- 
ited markedly reduced glutamate-pyruvate 
transaminase and cysteine desulf hydrase ac- 
tivities, the glutamine-a-keto acid transamin- 
ation-deamidation reaction proceeded a t  
about equal rates with llivers of control and 
experimental rats.+ This finding, and our in- 
ability to resolve the glutamine enzyme by 
fractionation, were consistent with the con- 
cept that vit. B6 was not involved in the 
glutamine-a-keto acid reaction, or altema- 
tively, that affinity of the glutamine system 
for coenzyme was greater than that of the. 
other enzymes studied. The present study 
supports the latter interpretation. 

Patients given isonicotinic acid hydrazide 
(INAH) for treatment of tuberculosis devel- 

* Present address: Department of Biochemistry 
and Nutrition, Tufts University School of Medicine, 
Bost,on, Mass. 

t We have subsequently confirmed this observation 
using weanling rats of the Sprague-Dawley strain; 
adult Buffalo rats were used in the earlier work(1). 

oped a peripheral neuritis, ameliorated by ad- 
ministration of pyridoxine; such patients were 
also found to excrete in their urine greater 
than normal quantities of vit. BG. apparently 
in a conjugated form involving INAH(2). 
These findings suggested to us that adminis- 
tration of INAH might represent a useful ex- 
perimental procedure for depleting an anlimal 
of vit. B6. We have therefore administered 
large doses of JNAH to several groups of rats, 
and after periods ranging from 8 to 30 days, 
examined the livers for glutamine transam- 
inase-deamidase activity in the presence and 
absence of coenzymes. 

Methods. Weanling rats of Sprague-Daw- 
ley strain weighing 30 to 45 g7 were used in 
Exp. 1 to 4, and adult Buffalo rats weighing 
150 to 250 g were employed in Esp. 5 and 6. 
Animals were housed in individual cages and 
given water and diet ad libitum. Exp. 1: 26 
rats were given stock Purina Chow diet; 13 
of these were given 600 mg of IKAH/k/day 
by gastnic tube, and 13 received approxi- 
mately same amount [in drinking water. After 
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30 days, 5 animals of each group remained 
alive. Exp. 2 :  30 animals received stock diet 
and 300 mg of INL4H/k (by gastric tube) 
daily for 20 days; all survived. Exp. 3 :  30 
rats given vit. B6 deficient diet and deoxypy- 
ridosine as previously described ( 1 ) , as well 
as 300 mg of INAH/k by tube per day for 
14 days; 20 rats survived. Ex$. 4: 30 rats 
were given same regimen as in Exp. 3 for 10 
days: 25 rats survived. Exp. 5 :  39 rats given 
stock diet and 480 mg of ISAH 'k by tube 
per day for 8 days: 26 survived. Exf .  6: 
60 rats given stock diet and 480 mg of 
IKAH k by tube for 10 days: 37 rats sur- 
vived. 

ResuEts. Large doses of IXAH were em- 
ployed because preliminary experiments indi- 
cated that smaller doses, at  least over periods 
of 10-20 days. did not result in lowered trans- 
aminase activity. In general, rats given high 
doses of IKAH were sluggish, developed 
moist snouts, and failed to gain weight or lost 
weight (0 to 0.7% body weight,'day): death 
usually occurred shortly after IKAH adminis- 
tration and was preceded by convulsions. 
Typical physical signs of vit. Br, deficiency 
did not appear, even in Exp. 3 and 4, in which 
vit. Br; deficient diet was administered: how- 
ever. the duration of these studies was rela- 
tively short. 

Enzyme assays were carried out essentially 
as described previously ( 1 ) . The homogenate 
system consisted of 0.5 ml each of homo- 
genate. L-glutamine (20 p M ) ,  sodium pyru- 
vate (40 pFr31), and 0.1 11 veronal buffer (pH 
7.8), and incubated at  37' for 2 hours. The 
purified enzymes were isolated and lyophil- 
ized(3,4), and assayed in a system consisting 
of 20 pFr31 of sodium pyruvate, 10 $1 of 1,- 

glutamine, 10 mg of enzyme, in 0.4 ml of 
0.023 11 veronal buffer; the incubation period 
was 2 hours. Pyridoxal phosphate and pyri- 
doxamine phosphate were used at  a concen- 
tration of 100 y/0.4 ml. 

In  Exp. 1, the livers of the treated rats ex- 
hibi ted greatly reduced glutamine-pyruvate 
transaminase-deamidase activity and in- 
creased glutaminase activity (Table I ) .  Ad- 
dition of pyridoxal phosphate or pyridox- 
amine phosphate increased glutamine-pyru- 
vate activity in some instances, but not sig- 

TABLE I. Glutaminase and Glutamine-Pyruvate 
Traasaminase-Deamidsse Activity of Rat Liver 

Homogenates. * 

Procedure stratest rats Range Mean 
Sub- N0.0f 

Controls G1 9 .60-1.52 1.01 
G1 + P 9 2.95-4.54 3.56 

I S A H  by tube G1 4 2.16-3.91 2.80 
G1 + P 4 .89-2.90 1.81 

I S X H  in water G1 6 1.33-2.49 2.03 
(31 + P 6 .67-2.86 1.91 

++ Values are expressed in terms of pM of am- 
inoiiia formed (corrected for blank ammonia) per 
1111 of lioniogenate per hr; esperiniental details are 
given in the text. 

t G1 = Glutamine; P Z' Pyruvate. 

nificantly in others. Because of the variable 
response to addition of the coenzymes, and 
because of the possibility that increased glut- 
aminase activity might interfere with the de- 
termination of the glutamine-pyruvate reac- 
tion, subsequent studies were carried out 
using purified enzyme preparations obtained 
from pooled livers of a group of experimental 
rats and of their untreated controls. 

Experiments on several such pudied en- 
zyme preparations are descltibed in Table 11. 
These preparations did not possess glutamin- 
ase activity, and the effects observed with 
added coenzymes were readily reproducible. 
Preparations of the enzyme from livers of 
INAH treated rats exhibited a considerably 
reduced activity, and showed a significant in- 
crease in activity when pyridoxal phosphate 
or pyridoxamine phosphate was added. In  

TABLE 11. Glutamine-Pyruvate Transaminase- 
Deamidase Activity of Purified Liver Prepara- 

tion s. * 
~~~~~~ 

Activity with 
coenzymes 

Esp. Pro- Initial Pyridosal Pyridoxa- 
S o .  cecluret activity PO4 mine PO4 

'7 con. 
Exp. 

3 Con. 
Exp. 

4 con. 
Exp. 

3 con. 
Exp. 

G Con. 
Exp. 

7.50 
3.07 
7.44 
1.49 
6.09 
1.38 
6.46 
2.06 
5.26 
2.44 

8.10 - 
4.50 - 
8.06 8.04 
3.16 3.36 
5.75 5.50 
3.38 3.37 
6.25 - 
5.66 - 
5.73 - 
5.77 - 

* See footnote, Table I. 
t Con. = Control; Exp. = Experimental. 
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‘FIG. 1. Effect of pyridoxal and pyridoxamine 
phosphates on activity. Abscissa: y coenzyme ; 
ordinate: % increase in activity. Closed circles = 
pyridoxal phosphate ; open circles z pyridoxamine 

phosphate. 

confirmation of earlier studies( 1,3,4) values of 
transaminase activity were in close agreement 
with those for ammonia formation. Maximal 
activation was observed with 25 y of coen- 
zyme (Fig. 1). 

Discussion. The present results are consis- 
tent with the concept that the glutamine trans- 
aminase, like other transtminases, requires a 
vit. BG coenzyme. Failure of earlier attempts 
to demonstrate this may probably be ascnibed 
to  strong binding of the coenzyme by the en- 
zyme. It is apparent that a relatively severe 
deficiency was required to remove vit. BG 
from this enzyme. I t  is of interest that con- 
centration of coenzyme required for maximal 
activation of the partially resolved enzyme is 
of approximately the same order of magni- 
tude as that required by other transaminases. 
I t  thus appears that deamidation of glut- 
amine in this system may be made to depend 
on the presence of vit. B6. I t  is probably the 
first step of the transamination-deamidation 
reaction (transamination of glutamine to a- 
ketoghtaramic acid) which requires vit. B6. 
The second step, in which ammonia is formed, 
is hydrolysis of a-ketoglutaramate to a-keto- 
glutarate( 5). 

I t  has been reported that INAH inhibits 
E .  coli. arginine decarboxylase( 6),  tirypto- 
phanase( 7), and glutamate-oxalacetate trans- 

aminase of BCG( 8) ; inhibition was reversed 
by pyridoxine, which is presumably converted 
to pyridoxal phosphate in the cell. It was 
also observed that patients being treated with 
INAH excreted unusually large amounts of 
xanthurenic acid in the urine aftera test dose 
of tryptophan(2). The present results ap- 
pear to provide general confirmation of the 
concept that this compound has an anti-vit. 
B6 effect.* I t  is clear, however, that INAH 
has other effects ( c f ( 9 ) )  some of which may 
be related to the present observation of in- 
creased liver glutaminax and the fact that 
transaminase activity of preparations ab- 
tained firom INAH-treated animals was often 
lower, even with added coenzyme, than that 
of controls. In 2 experiments in which INAH 
treatment was of relatively short duration, 
pyridoxal phosphate restored the activity to 
virtually control levels. (Exp. 5 and 6, Table 

Beaton and Ozawa(10) reported that liver 
extract.s of vit. B6-deficient rats exhibited de- 
creased ability to catalyze the glutamine- 
pyruvate reaction. Addition of pyridoxal 
phosphate to the extracts produced only very 
small and erratic activation.0 Our present re- 
sults, which show a clear-cut reproducible in 
vitro effect of pyridvxal phosphate and pyri- 
doxamine phosphate, lead to a conclusion 
which is not essentially different than that of 
Beaton and Ozawa, namely that vit. B6 is in- 
volved in the mechanism of glutamine-a-keto 
acid transamination reaction. The present 
findings also suggest that INAH treatment 
may be a useful tool in the study of vit. B6- 
catalyzed enzymatic reactions. 

11). 

~ ~ 

$ We have also found that livers of INAH-treated 
rats exhibited reduced glutamate-pyruvate and as- 
partate-ketoglutarate transaminase activities; the 
control level of activity was restored by addition of 
pyridoxal phosphate. 

$ It was observed several years ago that h e r s  of 
very markedZy vit. B, deficient rats and mice ex- 
hibite,d reduced glutamine transaminase-deamidase 
activity. It may not be concluded from this evidence 
that the enzyme specifically required vit. B6 because 
addition of pyridoxal phosphate did not increase the 
activity of enzyme preparations obtained from these 
very sick animals. (Meister, A., Morris, H. P., and 
Tice, S. V., unpublished data). 
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Summary. 1 .  Liver homogenates prepared 
from rats given large doses of isonicotinic acid 
hydrazide ( IKAH) exhibited reduced glut- 
aminepyruvate transaminase-deamidase activ- 
ity and increased glutaminase activity. 2. 
Purified enzyme preparations (free of glut- 
aminase) prepared from livers of IKAH- 
treated rats catalyzed the glutamine-pyruvate 
reaction at  markedly reduced rates compared 
to controls. ,4ddition of pyridoxal (or pyri- 
dosaniine) phosphate produced a consider- 
able increase in activity of the preparations 
obtained from INAH-treated rats. but not of 
that of the untreated controls. 3. The evi- 
dence supports the concept that vit. Bc, par- 
ticipates in the glutamine transaminase sys- 
tem. 
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Effect of Dihydrocholesterol a n d  Soybean Sterols on Cholesterol 
Metabolism in Rabb i t  and Rat.” (22167) 

GEORGE L. CUR RAN^ AND RICHARD L. COSTELLO. 
Department of Medicine, University of Kansas School of Medicine, Kansas City ,  Kans. 

Because considerable evidence exists show- 
ing that such sterols as dihydrocholesterol and 
soybean sterols are absorbed from the gut. it 
was considered worthwhile to restudy the 
effects of these sterols on cholesterol metab- 
olism in rabbit and rat. The data in this 
paper provide an explanation for the conflict- 
ing reports heretofore published and demon- 
strate the fallacy inherent in attempts to pro- 
duce a negative cholesterol balance by inhibi- 
tion of cholesterol absorption from the gut. 

Experimental. Preparation of sodium ace- 
tate-l-C1 $. Methylmagnesium bromide was 
carbonated with CI4O2. Control diets con- 
sisted of Purina Rzabbit Chow for rabbits and 
Purina Laboratory Chow for rats. Sterol 
diets were prepared by dissolving the requisite 

* This investigation was supported by research 
grants from the Sational Institutes of Health, 
V.S.P.H.S. and the McIlvain Trust. 

t This work was done during tenure of fellowship 
a5 Established Investigator of American Heart Assn. 

amount of dihydrocholesterol: or mixed soy- 
bean sterols6 in ether, adding the solution to 
control diets and evaporating the ether. Sera 
and tissues were prepared for sterol analysis 
as described previously( 1 ) . Sterol determina- 
tion. Digitonin precipitable, Liebermann- 
Burchrurd (L.B .) positive sterols were deter- 
mined by the method of Sperry and Webb ( 2 )  
and total digitonin precipitable sterols by a 
modification of the Pollak-Kadler turbidi- 
metric method(3). The latter method was 
modified as follows: Sterols were precipitated 
with digitonin in graduated glass-stoppered 
tube a t  10°C. Aflter precipitation the vol- 
ume was adjusted in the tube. and one drop 

$ Dihydrocholesterol (Lmot no. 105--7-30 I MRS), 
generously supplied by Schering Corp.. contained 
98 % Lie bermann-B u rchard negative s t erc Is. 

$ The mixed soybean sterols (Control no. S-7577 
and S-9707), generously supplied by Distillation 
Products Industries, contained 79% and 94% Lieber- 
mann-Burchard positive sterols respectively. 


