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Feedback inhibition of methylene-tetrahydrofolate reductase in rat liver by 
S.adenosylmethionine 

A feedback-type regulation of the enzyme methylene tetrahydrofolate reduc- 
tase (5-methyltetrahydrofolate:NAD oxidoreductase, ECI . I . I .68)  (Eqn. I) by 
methionine or S-adenosylmethionine (SAM) has been proposed 1-4 to account for the 
well-known effects of methionine on folic acid-mediated metabolism. 

5,io-CH2-H~folate + NADH + H~ ~ 5-CH3-H4folatc + NAI)~ (t) 

Previous experiments 5 failed to show an influence of dietary methionine on 
the level of this enzyme in rat liver homogenates. We therefore tested the effect of 
methionine, choline, betaine, creatinine and SAM on the activity of this enzyme in 
vitro since the tissue levels of these compounds should depend on methionine intake. 
Of these, only SAM showed an inhibitory effect at physiological concentration. 

The  s t a n d a r d  a s say  was  p e r f o r m e d  in t he  b a c k  d i r ec t ion  of  E q n .  I w i t h  5-14CH3 - 

H 4 P t e G l u  as s u b s t r a t e  a n d  m e n a d i o n e  as ar t i f icial  e l e c t ro n  a c c e p t o r  ~. "['he 5,IO- 

CH2-H4PteGlu  f o r m e d  d i ssoc ia tes  easi ly  to  y ie ld  l abe led  f o r m a l d e h y d e  w h i c h  can  

be i so la t ed  as t he  d i m e d o n e  a d d u c t  7,8. The  i n c u b a t i o n  m i x t u r e  (vol. 0.6 ml) con-  

t a i n e d :  3 2 o r e # m o l e s  of  (~) -5-14CH3-H4PteGlu  ( i l o d i s i n t . / m i n  per  m # m o l e ) ,  

5 m # m o l e s  F A D ,  2 # m o l e s  m e n a d i o n e  (not  c o m p l e t e l y  d isso lved) ,  5 # m o l e s  a s c o r b a t e ,  

I O O / , m o l e s  p h o s p h a t e  buffer  (pH 6.3), I # m o l e  e t h y l e n e d i a m i n e t e t r a a c e t i c  ac id  a n d  

T A B L E I  

I N H I B I T I O N  O F  M E T H Y L E N E  T E T R A H Y D R O F O L A T E  R E D U C T A S E  B Y  S A ~ I  I N  T H E  S T A N D A R D  A S S A Y  

Addition Conditions Specific % Inhibition 
activity 
(m#moles 
rnin-1, mg -1) 

- -  undialyzed, 3 °° o.13 o 
o.I6 mM SAM 64 
0.8 mM SAM 93 

- -  undialyzed, 35 ° o.18 o 
0.8 mM SAM 75 

- -  dialyzed 12 h 0.23 o 
at 0 o, 3 °0 

o.16 mM SAM 25 
0.8 mM SAM 4 ° 

0.8 mM SAH undialyzed, 3 °0 o 
o. 16 mM SAM o.16 mM SAH 4 ° 
o.16 mM SAM 0.8 mM SAH 22 
0.8 mM SAM o.16 mM SAH 83 
0.8 mM SAM 0.8 mM SAH 68 

Abbreviations : SAM, 
adenosylhomocysteine. 

S-adenosylmethionine; PteGlu, pteroylglutamic acid; SAH, S- 
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an amount  of enzyme tha t  p roduced  max ima l ly  30 m, amoles  formaldehyde.  The 
incubat ion per iod was i h at  3 °° ; o.3 ml of a solution of 3 mg dimedone per ml I M 
acetate  buffer (pH 4.5) was then added,  the mixture  hea ted  for 5 min at  95 ° and 
cooled in ice. The fo rn la ldehyde-d imedone  adduc t  was ex t r ac t ed  into 3 ml of toluem~ 
by  vigorous shaking with a Vortex mixer  for 15 sec. The phases were then separa ted  
by  centr i fugat ion and z nil of the toluene phase counted  in a Packard  scint i l la t ion 
counter  with in ternal  s tandard iza t ion .  The b lank  was ti le value ob ta ined  when the 
enzyme was added  after  the incubat ion.  Liver  homogenates  were p repared  from fresh 
ra t  l iver with 3 vol. of o.o5 M phospha te  buffer, p H  7.2, in a P o t t e r - E l v e h j e m  hom<)- 
genizer and then centrif l lged at  3o ooo × g for 30 min. SAM iodine was purchased  
from Calbiochem. 

The extent  of inhibi t ion by  SAM (Table I) was very  much dependent  on the  
incubat ion t empera tu re  and the t r ea tmen t  of the  liver homogenate .  Under  s t a n d a r d  
incubat ion condit ions o.16 mM SAM and o.8 mM SAM caused 64% and 93 %/0 inhibi-  
tion. At  35 ° the ac t iv i ty  of the enzyme was z.4-fold higher than  at  3 o°, bu t  inhibi t ion 
by  o.8 mM SAM, dropped  to 75 ~1%- Dialysis  (and "aging"  at  o °) increased the ac t iv i ty  
s imilar ly  and led to an even higher loss in sens i t iv i ty  to tile inhibi tor .  Fur the rmore ,  
all a t t e m p t s  to pur i fy  the enzyme caused desensi t izat ion against  inhibit ion.  Similar  
effects have been observed on other  regu la tory  enzymes 'a. The enzyme from pig liver 
was inhibi ted b y  SAM in the same concentra t ion  range and also desensi t ized upon 
storage at  o% The ra t  l iver enzyme m a y  also be inhibi ted  b y  S-adenosyle th ionine  
in view of the inhibi t ion produced by  a combinat ion  of ethionine and ATP,  each 
compound alone having li t t le or no efl\:ct. Of several  compounds  tested,  only  .% 
adenosylhoinocyste ine  (SAIl)  (a gift from Professor Dr. L. JAENICKE, K61n) reversed 

TABLE [I 

I N H I B I T I O N  OF M E T H Y L E N E - T E T R A H Y D R O F O L A T E  R E D U C T A S E  B Y  ,~A~¢~, A S S A Y E D  I N  R E D U C I N G  

D I R E C T I O N  

Incubations contained : i /,mole (~)-5, Io-CH2-H4PteGlu, o.i/,mole VAD, 7.5/,moles NAI)H, 
ioo//inoles phosphate buffer, pH 6.8, IO mg ascorbic acid, SAM, and enzynle in a total of i ml. 
Incubation was for 2 h at 3 °o trader helium. 

SA 31 5-CHa-H4PleGlu % hzhibitiolz 
(raM) formed 

(ml~moles) 

- -  1 1 6  o 

o.05 85 27 
o.I 74 46 
0. 5 0 IO0 

I . O  O I O O  

the  inhibi t ion by  SAM but  did  not  ac t iva te  tile enzyme when added  alone (Table I). 
The inhibi t ion was also demons t ra t ed  in the  physiological  forward direct ion 

of the enzyme react ion (Table II) .  5-Methyl-H4PteGlu formed from 5, Io-CH 2- 
H4PteGlu and N A D H  was es t ima ted  as the  difference of Lactobacillus casei and  
Streptococcusfaecalis act ivi t ies  before and after  the  reaction% 
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A kinetic study was done in the direction of 5-methyl-H4PteGlu oxidation at 
4 concentrations of either substrate and inhibitor. I/V vs. I/[SJ (Lineweaver-Burk) 
plots were linear and indicated a mixed competitive and non-competitive type of 
inhibition. To compare the effect of the inhibitor under different conditions, tile in- 
hibitor concentration causing 5o% inhibition (Is0) was estimated from the data for a 
substrate concentration of 2.1o 4 M which is twice the Km of 5-CHa-H~PteGlu. 
Values are : 6. IO 5 8. IO 5 M for the enzyme in a fresh extract, 3" IO 4 and 8. IO ~ M 
for two preparations of desensitized enzyme, and 3" IO 4 M in the presence of o.8 mM 
SAH. In the latter two cases inhibition apparently did not approach lOO% at high 
inhibitor concentrations. Thus, the difference between fresh and dialyzed enzyme 
preparations is much bigger than could be accounted for by removal of endogenous 
tissue SAM. The effects of SAM and SAH on the enzyme activity may be explained 
most simply by assuming competitive binding of these compounds to an allosteric 
regulatory site on the enzyme different from the catalytic, substrate-binding site. 
This is strongly supported by the fact that the enzyme can be desensitized against 
inhibition s . 

Additional support for this concept is given by the data in Table I I I  on the 
protective effects of substrate and inhibitor against heat inactivation of the enzyme. 

T A B L E  I l i  

E F F E C T S  OF S U B S T R A T E  A N D  I N H I B I T O R  ON I N A C T I V A T I O N  A N D  D E S E N S I T I Z A T I O N  OF M E T H Y L E N E -  

T E T R A H Y D R O F O L A T E  R E D U C T A S E  B Y  H E A T I N G  

The samples  were incuba ted  for 3 rain a t  50 °. After  cooling the added  compounds  were removed  
by  adsorp t ion  on Norite.  A c t i v i t y  and  inh ib i t ion  were de te rmined  in the s t a n d a r d  assay sys tem,  

Addition during heating °/" o Original 
actiwt), 

None 32 
2 mM SAM ioo 
2 rnM SAH 5 I 
0.5 mM CHa-H4PteGlu 94 

% Inhibition 
by 0.8 mM 
SA 3i 

2 9  

88 
60 
27 

SAM and SAH protected both the catalytic and the inhibitory site, but the sub- 
strate protected only the former. Preincubation of partly desensitized enzyme with 
I mM SAM also restored sensitivity to SAM. 

We propose that the inhibition of methylene-tetrahydrofolate reductase 
activity by SAM functions as a feedback-type metabolic regulation in vivo and might 
explain in part the effects of methionine on folic acid metabolism. A connection 
between methionine intake and the level of SAM in the tissues has recently been 
demonstrated by BALDESSARINI 1° who found that intraperitoneal injection of 
130/~moles DL-methionine increased rat liver SAM from an average normal range 
of 65 re#moles to 290 re#moles per g wet weight. Such SAM concentrations cause 
appreciable inhibition of the enzyme in the in vitro assay. Studies on the correlation of 
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methionine content ill the diet to SAM levels in tissues over a longer period are, 
however, still missing. 
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