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could not therefore demonstrate an effect of fluoroacetate in vitro, and conclude that any synthesis of 
fluorocitrate must be very slight, if it occurs at all. 

EXPERlMENTAL 

Chemicals have been AnalaR where possible. Na pyruvate was a specimen recrystallized from a 
commercial sample (Light). The rat brain homogenates were made as soon after death as possible, 
the heads being placed in ice. The brains were homogenized in a hand homogenizer in 0.25 M sucrose 
pH 7.4 solution, a vol. of 3 ml being used for each brain. The homogenate was centrifuged at 600 g 
for 15 min, and the supernatant used direct. 

~c~~~~~e~ge~e~~~-We are grateful to The Welicome Trustees for grants in aid of this work, to Mr. 
Brown for the sodium fluorocitrate and to Professor F. G. Young, F.R.S. for facilities provided. 
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The effect of 3’4odoaminopterin on dihydrofoIate reductase* 

(Received 28 March 1966; accepted 26 July 1966) 

HALOGENAT~ON of folic acid antagonists elicits significant changes in their biological effectiveness; 
thus, in mice, 3’, S-dichloromethotrexate has a greater antileukemic effect and is less toxic than the 
parent methotrexate.1 The syntheses of 4-~ino-4-deoxy-3‘-iodopteroyigiutami~ acid {3’-iodoaminop- 
term) and 3’-iodopteroyl~uta~c acid (3’-iodofolic acid) have been described recently.2~ 3 The activity 
of 3’-iodoaminopterin against murine leukemia Ll210 has been determined.” The compound was 
able to increase the survival time of the tumor-bearing mice to the same extent as aminopterin, 
although the optimal dose was about ten to twenty times greater than that of aminopterin. It thus 
became of interest to study the effect of 3’-iodoaminopterin on dihydrofolate reductase. 

MATERIALS AND METHODS 

3’-Iodoaminopterin was synthesized as previously described .2+ a Aminopterin, supplied by the 
Lederle Division of American Cyanamid Co., was purified as described previously.4 The molarity of 
solutions of these compounds was determined spectrophotometrically according to published values 
of molecular extinction coefficients of chromatographically pure materials. A phosphate buffer extract 

* Supports in part by Grant PH 43-64-91 i from the National Cancer Institute. 
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of an acetone-dried powder of an antifolate-resistant subline (FR-8) of leukemia Ll210 tumor was 
the enzyme source.5 Dihydrofolate reductase assays were carried out as described elsewhere.6* 7 

RESULTS AND DISCUSSION 

The effect of 3’-iodoaminopterin and aminopterin on the activity of dihydrofolate reductase from 
leukemia L12lO/FR-8 is shown in Fig. 1. The inhibition produced by equimolar concentrations of the 
two antagonists was found to be the same and was also consistent with the partly stoichiometric 
behavior expected in a “mutual depletion system”.* Extrapolation of the straight-line portion of the 
titration curve to the abscissa yielded a value of 6.5 x 10-s pmoles of inhibitor per unit of enzyme 
activity (pmoles of dihydrofolate reduced per hour), which is very close to the value reported earlier 
by Schrecker and Huennekens.e 

@OLES INHIBITOR/pMOLE DIHYDROFOLATE/ 
HR x105 

FIG. 1. Inhibition of Ll2lO/FR-8 dihydrofolate reductase by variable amounts of aminopterin, O-0, 
and 3’-iodoaminopterin, 0-0, at a constant enzyme level. An acetone-dried powder of the antifolate- 
resistant tumor was extracted with 0.05 M potassium phosphate buffer, pH 7.4, containing 0.01 M 
mercaptoethanol and 0.001 M EDTA. The extract (0.29 mg protein, sp. act. = 3.4 pmoles dihydro- 
folate reduced per hr/mg), inhibitor, and buffer mixture were preincubated 5 min at 37” before addi- 
tion of reduced NADP and dihydrofolate. Enzyme activity (initial rate at 28”) is expressed as per cent 

of a control in which extract was preincubated in the absence of inhibitor. 

On an equimolar basis 3’-iodoaminopterin, although considerably less toxic than the parent com- 
pound in mice, inhibited dihydrofolate reductase to the same extent as aminopterin. The introduction 
of the large halogen atom has apparently not altered the enzyme-inhibitory characteristics of aminop- 
terin, reminiscent of the related observations9 that aminopterin, methotrexate, and 3’,5’-dichloro- 
methotrexate are equally effective as inhibitors of dihydrofolate reductase in vitro. The appreciable 
differences in the optimal therapeutic doses of the two compounds may indicate that there has been 
a reduction in the sensitivity of other enzyme systems to the halogenated derivative; however, perme- 
ability and drug metabolism may also be involved. In this instance it is apparent that halogenation 
has partially achieved a desirable aim. 3’-Iodoaminopterin is less toxic than aminopterin, and its 
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therapeutic effect is not reduced at optimal daily dose levels.2 We have shown that the change in 
biological properties is not related to a difference in effect on the enzyme. 
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