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It has been demonstrated previously (Greenberg and Jaenicke, 1957; Hatefi, 

et. ) 1957; Osborn and Huennekens, 1957; Flaks, et., 1957; Whiteley, in 

press) that many tissues contain a.TPN-linked, N 
5 IO 

,N -methylene tetrahydrofolic 

dehydrogenass (formerly called “hydroxymethyl tetrahydrofolic dehydrogenase”) 
TP 

, 

which catalyzes the reactiotie: 

N5 ,Nl’-methylene FHq + TPN+ w (N5,N”-methenyl FHb)+ + TPNH (1) 

In the metabolism of one-carbon units (Huennekens and Osborn, 1959), this en- 

zyme is responsible for the interconversion of “active” Cl units at the oxi- 

dation levels of formaldehyde and formate. 

In Ehrlich ascites tumor cells (strain ELD, obtained from Dr. T.S. Hauschka, 

Roswell Park Memorial Institute) the above enzyme has been observed, and, in 

addition, it was found that crude extracts of these cells can carry out a DPN- 

I inked, metal ion-dependent dehydrogenation of N5,N10-methylene FH4 (equation (2)) 

N5 NI” 
+ Me++ + 

# -methylene FHq + DPN .& (N5,N10-methenyl FH4) + DPNH (2) 

c 

F Paper X In the series “Folic acid coenzymes and one-carbon units”. 
* Recipient of the Eli Lilly and Co. Predoctoral Award in the Department of Bio- 

chemistry, University of Washington, 1959-60. 
TT Since it has been shown recent y reaction (l) is actual,y Ni ,FBat “active formaldehyde,80 the substrate in 

Huennekens a;d Osborn, 1958)’ 
-methylene tetrahydrofolate (Blakley, 1958; 

it would seem preferable to call this enzyme 
NS,NlO-methylene tetrahydrof;lic dehydrogenase. 

Jwc The following abbreviations are used: DPN, DPNH, TPN, TPNH, oxidized and reduced 
di- and triphosphopyridine nucleotide; ATP, adenosine triphosphate; 
tetrahydrofol ic acid: fS’lOFH4, Ng,NlO-methenyl FHq; Cl, one-carbon. 

FH4, 
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A comparison of these two activities is made in Table I. The substrate, 

N5 ,NiO-methylene FH4. is generated in situ by the chemical interaction of HCHO 

and FHq (Biakley, 1958; Huennekens and Osborn, 1958). Either reaction may be 

Table I 

Component Study for the TPN- and OPN-Linked 

N5,N’0-Methyiene FH4 Dehydrogenases 

Additions f5”‘FH4 Formation 

pmoies 
None 0.0 

TPN 0. ‘01 

TPN + Hg 
++ 

0.095 

TPN (FH4 omitted) 0.0 

.----_--___------_...-__-_-__------_--__.---------------. 

OPN 

OPN (Versene added) 

OPN +ATP 

OPN+ Mg++ 

OPN + Hg? ATP 
++ 

OPN + Hg (FH4 omitted) 

0.012 

0.002 

0.008 

0.142 

0.142 

0.0 

The complete system contained IO prmoier of HCHO, 20 pmoles of P-mercap- 
toethanol, I50 pmoies of potassium phosphate buffer, pH 7.5, 0.6 ymoies of 
OL-FH4, 0.03 ml. (1.0 mg.) of an aazaonium sulfate fraction of ascites cei I 
acetone powder xtract, and water to make 3.0 ml. 0.6 umoies of OPN or TPN, 
IO pmoies of Mg I pmole of ATP, and I prnoie of Versene were added where 
indicated. The c&trol vessel was idonticai except for the omission of HCHO. 
After 20 minutes incubation at 20 , the reactjoy were stopped by the addition 
of 0.4 ml. of 0.8 N HCI, and the amount of f FR was determined from the 
optical density at 355 II+I. (Rabinowitz and Pricer, *956) . 

followed in the forward direction by measuring the appearance of one of the 

products,f’-lo FHb or reduced pyridine nucieotide. It should be noted that the 

OPN enzyme, but not the TPN enzyme, requires Mg++ (or Mn+? for full activity. 
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The DPN activity in the absence of added Hg* Is depressed markedly upon the 

addition of Versene. 

That the DPN-linked activity is not due wreiy to the conversion of DPN 

to TPN via a metal ion and ATP-dependent kinase is shown by the following ob- - 

servations: (a) the DPN and TPN activities are additive; (b) added ATP is not 

required for the DPN system and there is no evidence that bound ATP is present 

in the partially purified preparation; (c) a well-dialyzed and aged preparation 

shows activity only with DPN; and (d) when DPN is used in reaction (2), DPNH is 

the product, as shown by its re-oxidation in the presence of acetaidehyde and 

crystalline alcohol dehydrogenase. 

As required by the stoichiometry of equation (2), 0.11 umoles of f5’l°FHb 

and 0.12 mies of DPNH were produced in a reaction carried out according to the 

Table II 

Reversal of the DPN-Linked N 
5 ‘0 

,N -mathyIene FHb Dehydrogenase 

Component Dmi tted 

None 

DPNH 

d+ 

Glycine I 
f”“FHk Disappearance 

-- 

pnoles 

0.073 

0.006 

0.019 

0.045 

The assay system contained 0.28 umoles of DL-f 5-‘oFHq, 150 umoies of 
potassium phosphate buffer, pH 6.5, 0.4 umoies of DPNH, 50 pmoles of glyclne, 
30 umoles of 2-mercaptoethanoi , 20 umoles of HgCl2, 0.2 ml. of an aged 
acetone powder extract of ascites cells, and water to make to 3.0 ml. The 
control vessel was identical except for the omission of enzyme. After 
30 minutes incubation at 20°, 0.3 ml. of 50% trichioroacetic acid was added 
and the residual f5-‘OFHq estimated by the optical density at 355 mu. 

protocol of Table I. The reversibility of the DPN-linked system is shown in 

Table II. DPNH and f”” FH4 were used as substrates, and giycine was added in 

order to facilitate reversal of the reaction by trapping N 5,N10-methylens FH4 

via the endogenous enzyme, serine hydroxymethyiase (equation (3)): - 

giycine + N5, NiO-methy iene FHq - serine + FH4 (3) 
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The Km values for the reactants in equation (2) are: DPN (1.2 x IO-%); 

DL-FH4 (4.2 x 10’5M) ; and Mg * (3 x 10V3M). The Km value for TPN in reaction 

(1) is 4.0 x lo-%I. 

The DPN enzyme has been partially purified from phosphate buffer extracts 

of acetone-dried ascites tumor cells by removal of nucleic acids with protamine, 

followed by precipitation of the enzyme with saturated asmronium sulfate, ptl 8, 

(O-48 per cent fraction), and with solid armKonium sulfate (O-35 per cent fraction). 

In contrast to the TPN enzyme, the DPN enzyma cannot be detected in normal 

mouse liver, in the liver of mtce bearing tha ascites tumor, or in chicken, 

rabblt, cod, salmon and human liver. 

This investigation was aided by grants from the American Cancer Society, 

(P-203)) the U.S. Public Health Service, (CY-3310)) and the Life Insurance 

Medical Research Fund. 
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