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Hydrolysis of 5,10-Methenyltetrahydrofolate to 5-Formyltetrahydrofolate at pH 2.5
to 4.5
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ABSTRACT. At pH 4.0 to 4.5, 5,10-methenyltetrahydrofolate is hydrolyzed to only 5-formyltetrahydrofolate

if reducing agents are present or iron-redox cycling is suppressed. At pH 4.0, the equilibrium position for
this hydrolysis is approximately equal concentrations of both folates. If no reducing agents are used or
iron-redox cycling is promoted, considerable amounts of 10-formyldihydrofolate are also formed. It is
likely that 10-formyldihydrofolate has been misidentified as 5,10-hydroxymethylenetetrahydrofolate, which
was reported to accumulate during the hydrolysis of 5,10-methenyltetrahydrofolate to 5-formyltetrahydro-
folate [Stover, P. and Schirch, V. (199B)ochemistry 312148-2155 and 21552164; (1990)J. Biol.

Chem 265, 14227 14233]. Since 5,10-hydroxymethylenetetrahydrofolate is reported to be the viable in
Vivo substrate for serine hydroxymethyltransferase-catalyzed formation of 5-formyltetrahydrofolate, and
5,10-hydroxymethylenetetrahydrofolate probably does not accumulate, the above folate metabolism is
now doubtful. It is hypothesized that mildly acidic subcellular organelles provide an environment for the
hydrolysis of 5,10-methenyltetrahydrofolate to 5-formyltetrahydrofolate in vivo, and there is no requirement
for enzyme catalysis. Finally, 10-formyltetrahydrofolate is susceptible to iron-catalyzed oxidation to 10-
formyldihydrofolate at pH 4 to 4.5.

During the investigation of the oxidation of 10-formyltet- 10-HOCH-H,F from 5,10-CH=H,4F in acidic sites, such as
rahydrofolate (10-HCO-kF)! to 10-formyldihydrofolate (10-  the stomach and the lysosome, would substantially impact
HCO-H,F) at mildly acidic pHs, | became aware that Schrich our understanding of folate biology. Therefore, in the study
and co-workers¥—7) reported the possible formation of a presented here, hydrolysis and dehydration reactions of 5,
stable folate, 5,10-hydroxymethylenetetrahydrofolate (5,10- 10-CH=H4F and 5-HCO-HF under mildly acid conditions
HOCH-H,F). These investigators reported that 5,10-HOCH- were reinvestigated to evaluate whether 5,10-HOCH-id
H4F can be chemically prepared from and is in equilibrium actually formed.
with 5,10-methenyltetrahydrofolate (5,10-Ei;F) and
5-formyltetrahydrofolate (5-HCO-H) at pH values 2to 5.  EXPERIMENTAL PROCEDURES

If this compound exists, the formation of 5,10-HOCHM [6RY 5-HCO-H,F was a gift from Lederle Laboratories
would interfere with an assay for the oxidation of 10-HCO- (Pearl River, NY). 5,10-CHH.F was prepared from 5-HCO-
H4F to 10-HCO-HF at mildly acidic conditions. In addition, H.F by dissolving it in 0.1 M HSO, at 40°C and allowing
5,10-HOCH-HF is reported to be a good substrate for serine o product to precipitate at 5. The precipitated 5,10-
hydroxymethyltransferase (SHMT)-catalyzed formation of cp—p,F was redissolved in buffers, other chemicals were
5-HCO-HF (1, 3). ) added, pH was adjusted, and insoluble materials were
We recently gave human subjects an oral dose of 5,10-removed by centrifugation before spectrophotometric mea-
CH=H,F that had been prepared by incubating a solution syrements were made. 10-Formyl folic acid (10-HCO-F) was
of 5-HCO-HFF at pH 2.5 for 16 h &). According to the  prepared by heating folic acid in excess 98% formic acid at
reports by Stover and Schrichi«3), this procedure would g °C for 2 h. The reaction solution was placed at@
have produced a substantial amount of 5,10-HOGH:H  oyernight, and formic acid was removed with ether. The
Therefore, the results reported by us would have reflected product was recrystallized from hot water to a constant UV
the metabolism of the intermediate (i.e., 5,10-HOCHFH  gpectrum @). Authentic 10-HCO-HF was prepared as
rather than 5,10-C#tH.F. Furthermore, the formation of 5, previously describedl(). Distilled deionized water was used
in all experiments, and all other reagents were commercially
*Igi'o Whé)m correspondleréce shouldh be aldcljjresseda: 2%243:;/23/8% available ACS grade.
Building, 1675 University Blvd., Birmingham, Alabama, 35294- . _ _ - i
Phone (205) 934-6388. Fax: (205) 934-7049. (€5=H3C20 X?g?\?isc';q1?;2‘2:5?;22&32&?3 T&ZSI?_P m
Abbreviations: 10-formyltetrahydrofolate, 10-HCQ# 10-formyl- : h : .
7,8-dihydrofolate, 10-HCO-WF; 10-formyl-folic acid, 10-HCO-F;  cmY), respectively. The decrease Mss Of a solution of
5-formyltetrahydofolate, 5-HCO-f; 5,10-methenyltetrahydrofolate, 5 ,10-CH=H,F (pH 2.5 to 4.5) is a measure of the simulta-

5,10-CH=H4F; 5,10-hydroxymethylenetetrahydrofolate, 5, 10-HOCH- ; _ - _

H4F; desferioxamine, DFX; dithioerythritol, DTE; dimethyl sulfoxide, ne_olus f(_)[matlon of both 5 HCO"E (Ae 2.4 x 19411
DMSO; ethylenediaminetetraacetic acid, EDTA! serine hydroxymeth- M™% cm™%) and 10-HCO-HF (Ae = — 2.14 x 10' M
yltransferase, SHMT. cm1). All reactions were carried out in 50-mL plastic tubes
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Ficure 1: Kinetics of the hydrolysis and disappearance of 5,10- FIGURE 2. Kinetics of the hydrolysis and disappearance of 5,10-
methenyltetrahydrofolate. A solution of 5,10-EHi,F in 25 mM methenyltetrahydrofolate. Similar procedures were performed as

citrate with an initialAsss of 1.38 was divided into three portions.  Figure 1; the initialAgse was 1.02, and solutions were made pH
One was made pH 2.5, one was made pH 4.4 (control), and one4.0 (control), 5 mM ascorbic acid, pH 4.0 (ascorbate), 1 mM DFX,
was made 5 mM ascorbate, pH 4.4 (ascorbate). Aqg was pH 4.0 (DFX), and 0.1 M DMSO, pH 4.0 (DMSO). Inset shows
monitored at 23C. Inset: Aliquots of each reaction were made the same procedures described in Figure 1.

0.1 M H;SO,, and the finalAgse is plotted.

shown in Figure 3, EDTA increases the rate of decrease in

containing 16-25 mL of the reaction solution, and no attempt o : .
was made to make the reaction anaerobic. The spectrophof%%at pH 4.5, while dithioerythritol (DTE) reduced this rate

. . as compared to the control. Mannitol only slightly reduced
tometer was set at zero absorbency using buffers without P ° y stightly

folates before m rements were mad the rate.
olates belore measurements were made. . The amount of 5-HCO-kF formed in the experiments
The increase iss6 is a measure of the formation of 5,

o - . T shown in Figures £3 can be assessed simply by making
10|'C.H=H.4F (OAi I\; 24 Xf 10¢ g/Ichc(:)m ?: n}han ac'ﬁ'% aliquots acidic (i.e., 0.1 M k80, pH ~1) and by observing
?)f0 étbcélgh%i,m .11) wﬁogsézTo _establ_i;: .thatetrzrt]aetra?e of the increase isss as the 5-HCO- which was formed at
formation of 5,10-Cl=H,F from 5-HCO-HF was first order pH values 4.6:4.5 is converted back to 5,10-CtaF at

for greater than three half-lives and to estimate the g pH ~1. If 10-HCO-HF is formed at pH values 4:4.5,
after acidification (i.e., 0.1 M b5Q;). this folate cannot be reconverted to 5,10-€H,F at pH~1

(12); therefore, the originaRsss cannot be achieved. This
Sephadex G-25 (0.8 110 cm) column chromatography 5544y is also based on the observations of Rabinowitz and

was used to separate folate derivatives. Fractions (3.6 mL) jiars (3, 14) that the rate of formation of 5,10-GHH,F
were collected using 25 mM citrate buffers (pH values4.0 ¢ 5-HCO-HF is slower than the rate of formation of 5,

4.5) as the eluents. 10-CH=H,F from 10-HCO-HF; therefore, if the original
RESULTS Asssis achieved, 5-HCO-KF must be the only product. Insets
in Figures 3 show the final Ags¢ Obtained after the

In the reactions of 5,10-CGHH,4F at mildly acidic pH, the acidification. Figure 1 (inset) shows that close to the original
decrease if\ss6is @ measure of disappearance of 5,10<€H  Agsgwas obtained in the reaction at pH 2.5 and in the reaction
H4F and concerted formation of 5-HCO4H or any other at pH 4.4 in the presence of ascorbate. In contrast, after 48
folate with relatively low absorbency at 356 nm. Figure 1 h the control reaction achieved less than 50% of the original
shows that the rate of decreasefizs is much slower at pH  Agsg after the acidification. Figure 2 (inset) shows that the
2.5 than at pH 4.4 and that 5 mM ascorbate further slows reaction in the presence of ascorbate at pH 4.0 produced
down the rate at pH 4.4. Figure 2 shows that the rate of primarily 5-HCO-H,F, since thef\sss was 98% of its original
decrease ifsss at pH 4.0 is slower in 5 mM ascorbate than value after acidification. The same was true of the reaction
the control and that these two reactions appear to bethat contained DFX in thafsss was returned to 93% of its
approaching two different equilibrium positions at 168 h. original value. On the other hand, after 168 h in the control
Desferioxamine (DFX) reduces the rate of decreasksig reaction and the reaction in the presence of DMSO, less that
while DMSO is only slightly effective in this respect. As 50% of the originalAsss was recovered after acidification.
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Ficure 3: Kinetics of the hydrolysis and disappearance of 5,10-
methenyltetrahydrofolate. Similar procedures were performed as
described in Figure 1; the initidlsss was 1.43, and solutions were
made pH 4.5 (control); 5mM DTE, pH 4.5 (DTE), 0.5 M mannitol,
pH 4.5 (mannitol); ImM EDTA, pH 4.5 (EDTA). Inset shows the
same procedures described in Figure 1.

In Figure 3 (inset), the primary product was 5-HCGQFHn

the reaction in the presence of DTE. After 120 h in the
control reaction and the reactions in the presence of EDTA
or mannitol, substantially less than the origingks was
recovered after acidification. In all of the above acidification
reactions, the half-life for the increase Agss was 4.0-5.5

min at 23°C, and the reactions were first-order for over three
half-lives This rate is consistent with one of the products
formed being 5-HCO-gF (13, 14).

Similar reactions of 5,10-CHH4F were performed using
100 mM phosphate (pH 4.5) at 4%C to rule out the
possibility that the results in Figures-B were artifacts of
citrate buffer, ionic strength, or temperature and to repeat
the experiments performed by Stover and Schi@h The
reactions were faster at 4C€ as compared to 2. Similar
effects of ascorbate, DTE, DFX, and EDTA were observed
as shown in Figure 4.

Figure 5 shows repeated UV scans of 5,10=€H4F in
citrate buffer or citrate buffer containing DFX. Isosbestic
points at 261 and 319 nm were apparent in the reaction
containing DFX and were absent in the control reaction.
Figure 6 displays repeated scans of 5,10=€H4F in citrate
buffer with or without DTE or EDTA. The isosbestic points
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Ficure 4: Kinetics of the hydrolysis and disappearance of 5,10-
methenyltetrahydrofolate. Procedures were the same as described
in Figure 1 except that 100 mM potassium phosphate buffer, pH
4.5, at 40°C was used. Concentrations of ascorbate, DTE, DFX,
and EDTA are the same as described in Figure8.1
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Ficure 5: Panels a and b. Repeated UV scans of the control
reaction a and the DFX containing reaction b described in Figure
2.

Repeated UV scans showing the formation of 5,10=€CH
H4F from 5-CHO-HF at pH values 4.4 and 3.3 are shown
in Figure 7. Isosbestic points at 261 and 319 nm were

at 261 and 319 nm were observed in the reaction containingobserved in the reaction at pH 3.3. The reaction at pH 3.3

DTE, but absent in the control reaction or in the reaction

apparently reaches equilibrium after 20 h. The equilibrium

containing EDTA. The presence of isosbestic points suggestsconcentrations calculated from thAsss at 20 h in Figure

that only one product is formed from 5,10-EttH4F.

7, panel a, were 28% as 5-HCQfHand 72% as 5,10-CH



14650 Biochemistry, Vol. 39, No. 47, 2000 Baggott

1.6  CONTROL REACTION 1.0 -
25 mM citrate, pH 4.5
0 hrs (1); 24 hrs (2) (@) (a)
48 hrs (3); 72 hrs (4)
4 5-HCO-HF
< 25 mM citrate, pH 3.3
A 08 F 0 hrs (1); 5 hrs (2)
20 hrs (3); 96 hrs (4)
\ A0S
N
N
0.0 ) §
16
1 ~
(b)
0.0 . S~ -l
1.0
4 (b)
Ao0SF
4
1_/5mM DTE \ 5-HCO-H,F
25 mM citrate, pH 4.5 . 25 mM citrate, pH 4.4
0 hrs (1); 24 hrs (2) 0.5k 0 hrs (1); 24 hrs (2)
48 hrs (3); 72 hrs (4) A0 48 hrs (3); 72 hrs (4)
0.0 t
L6r | mMEDTA
25 mM citrate, pH 4.5 (©
0 hrs (1); 24 hrs (2)
48 hrs (3); 72 hrs (4) \
) NN
0 ~ i
0. ' s
A 08} 250 325 400
Anm
3 Ficure 7: Panels a and b. Repeated UV scans of a solution of
5-HCO-HF made in 25 mM citrate buffer (23C), which was
N divided and made pH 3.3 (a) or pH 4.4 (b).
0.0 . 4 Using theAAgsss (Figure 2), this reaction contained 43% as
250 325 400 5-HCO-H;F and 57% as 5,10-GHH4F of the total folate,
A and these were essentially the same as the values obtained

FIGURE 6: Panels a, b, and c. Repeated UV scans of the control using S_ephadex_ G-25 chromatography. .
reaction a, the DTE containing reacrt)ion b, and the EDTA-containing A rapid formation of product(s) from 5,10-CG+H,F using
reaction c described in Figure 3. procedures similar to those described by Stover and Schirch
(2) (see Figures 1 and 2 of this reference) was performed. A
H4F of the total folates. However, when it was allowed to solution of 1.6 mM 5,10-CHH4F in 25 mM citrate, pH
proceed for an additional 76 h, both isosbestic points were 4.5, was heated at 5@ for 75 min. TheAgss decreased by
lost (Figure 7, panel a, broken line). Repeated UV scans of 28% during this period. The reaction solution was then
the reaction at pH 4.4 never displayed isosbestic points chromatographed using Sephadex G-25 with the same buffer
(Figure 7, panel b), and there was only a small increase in (pH 4.5) as an eluent. Usinds; measurements, the first
Asse. Thus, only a small amount of 5,10-GHH,F was peak occurred at fraction 28 and a second peak at fraction
formed from 5-CHO-HF at pH 4.4. 36. The first peak was identified as unreacted 5,16=CH
The reaction solution containing ascorbate shown in Figure H4F by its UV spectrum, but the second peak could not be
2 was lyophilized, redissolved in water, applied to a identified by its UV spectrum. Each fraction was then made
Sephadex G-25 column and eluted with 25 mM citrate (pH 0.1 M in H,SQ,, and the rate ofAAgss was monitored
4.0). Two peaks appeared when monitoredat, although followed by a 60-min incubation. The fractions with measur-
the first peak was partially obscured by ascorbate (Figure able rates oAAsss are presented as a broken line in Figure
8). The first peak (fraction 28) and the second peak (fraction 9. Any 5-HCO-HF that was present will be dehydrated to
36) were identified as 5,10-GFH;F and 5-HCO-HF, 5,10-CH=H4F in this acidic environment resulting in an
respectively. One peak (fraction 28) appeared when moni-increase inAgss. This procedure and the elution position
tored atAsss and was again identified as 5,10-EHi,F identified 5-HCO-HF as one of the products. Under these
(Figure 8). Using peak height measurements and appropriateacidic conditions, 5,10-CHHF has the same molar extinc-
molar extinction coefficients, this reaction contained 46% tion coefficient at 305 and 380 nm; therefolkys — Asso
as 5-HCO-HF and 54% as 5,10-CGHH4F of the total folate. will be zero, if only 5,10-ClH=H4F is present. Figure 9 shows
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200 200 absorbance. This difference in absorbance is shown in Figure
9 (inset) and is the spectrum of 10-HCQHRAt pH~1 (Amax

258 and 325330 nm) (0). The small peak of théges —

Asgo plot was identified as 10-HCO-F (fraction 31), since,
in separate experiments, the peaks of pure 10-HGPafd
10-HCO-F appeared at fractions 36 and 31, respectively.

~ 150
—o— Ay DISCUSSION
—0 - Agss

150 —

The spectrophotometric measurements represent four
5 independent assays of reactions of 5,10=€HdF, including
- the rate of decrease #usg, the rate of increase iAgsg after
- 100 x,, acidification, the final Assg after acidification, and the
<3 presence or absence of isosbestic points. It was concluded
that in the presence of reducing agents (ascorbate and DTE)
or DFX, 5-HCO-HF is the major product of the hydrolysis
of 5,10-CH=H4F under mildly acidic conditions (pH 4-0
4.5). This conclusion was made because alterations in the
rates of decrease #yss produced by ascorbate, DTE, DFX,
and EDTA (Figures 14), the recovery of nearly quantitative
amounts of 5,10-CHH4F after acidification only in the
\ reactions containing ascorbate, DTE, and DFX (Figures
o\oooo\o\o 1-3), the presence of isosbestic points for the formation of
0 . o - 0 5-HCO-HyF from 5,10-CH=H4F only in the DTE and DFX
24 26 28 30 32 34 36 38 40 42 44 46 containing reactions (Figures 5 and 6), and the chromato-
graphic separation of 5-HCOzH and 5,10-CHH,F (Figure
8). The isosbestic points for the enzyme-catalyzed conversion

Ficure 8: Chromatogram of the hydrolysis products of 5,10- ) _ )
methenyltetrahydrofolate in the presence of ascorbate. The ascorbatc?1E 5-HCO-HF 10 5,10-CH=H,F were reported to be 258

containing reaction (after 168 h) described in Figure 2 was and 318 nm (pH 6.0), which are similar to the findings

chromotographed on Sephadex G-25 column using 25 mM citrate reported here 1(5). Beavon and Blair 14) reported that

pH 4.0 as the eluent. Blue dextran eluted at fractions 10 and 11.5-HCO-H,F is dehydrated only to 5,10-G+H,F at pH 2-3.

The “B-form” of 5,10-CH=H,F originally proposed by

SR Cosulich et al. 16) was later thought to be 5,10-HOCH-

o L o010 H4F by Stover and Schirch2). However, Kay et al. {7)
reported in 1960 that thes*form” of 5,10-CH=H,F was

L 008 not observed at pH 3.5 in the presence of mercaptoethanol

in the reaction solutions.

In the absence of reducing agents or the presence of iron-
redox cycling (EDTA and citrate), both 5-HCOHand 10-
- 0.04 HCO-H,F are formed from 5,10-CHH4F. The formation
of 10-HCO-HF is strongly suggested because the decrease
- 002 in Assg IS greater without the presence of ascorbate or DTE
and in the presence of EDTA (Figures4). Only a fraction
oo™ Yoo L 000 of the original 5,10-CHH,4F is obtained after acidification
e — of the reaction mixtures containing EDTA and the control
24 26 28 30 32 34 36 3B 40 4 reaction (Figures-13), which indicates the formation of 10-
Fraction Number HCO-H,F. Furthermore, the formation of 10-HCO#His
FiGure 9: Chromatogram of the products of 5,10-methenyltet- established by Sephadex G-25 chromatography (Figure 9).
rahydrofolate at pH 4.5 heated at %0 for 75 min. One milliliter Even in the presence of ascorbate, Temple el 8).réported

of a reaction mixture containing 1.6 mM 5,10-€#i,F in 25 mM
citrate (pH 4.5) heated at 5@ for 75 min was chromatographed that detectable amounts of 10-HCQRand 10-HCO-F are

on Sephadex G-25 column using the same buffer as the eluentformed from equilibrium concentrations of 5,10-Etl.F

Open circles and dashed lines represent the initial rat&/fe and 10-HCO-HF.

after making the fractions 0.1 M23Q,. Closed circles and solid The experiments shown in Figure 9 are of particular

lines represent the MHs — Azgo Of the acidified fractions. Inset is . . . o

the absorbance of acidified fraction 36 minus the absorbance of'mportance’ since they essentlally repeat the aerobic incuba-

the 5,10-CH=H,F, as described in the text. tion and the NMR experiments performed by Stover and
Schirch @) (see Figures 1 and 2 of this reference). They

that a plot of Aggs — Asgo (solid line) has a small peak at concluded that 5,10-CHH,4F at pH 4.5 heated aerobically

fraction 31 and a large peak at fraction 36. These two peaksfor 2.5 h at 50°C produced no detectable 5-HCQ#

represent two products of this chemical reaction in addition however, when 5,10-CHH,4F at pH 4.0 was heated for 1 h

to 5-HCO-HF. 10-HCO-HF was positively identified in at 55°C, substantial hydrolysis occurred 0% by NMR

fraction 36 by subtracting the absorbance of 5,10=HF peak heights) yielding 5-HCO4A as the major product.

formed from 5-HCO-HF (in 0.1 M H,SQy) from the final These contradictory results reported by Stover and Schirch

100
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50 - 50
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(2) may be explained by the inappropriate detection methods
for both 5-HCO-HF and 10-HCO-HF.

Furthermore, no direct evidence was offered by Stover and
Schirch (—3) for the accumulation of 5,10-HOCHH.
They did not use reducing agents when 5,10-HOCjH-Was
prepared from 5,10-CHH4F, and it is likely that 10-HCO-
H.F has been misidentified as 5,10-HOCHFH2, 3). 10-
HCO-H;F shares some of the properties reported for 5,10-
HOCH-H,F. These properties include that it is not an
intermediate in the hydrolysis of 5,10-GHH4F to 10-HCO-
H4F, it has a UV spectrum that is similar to that reported
for 5,10-HOCH-HF, and it is not a substrate for the 5,10-
CH=H/F synthetase or 5,10-G+H,F cyclohydrolase en-
zymes (—3, 10, 16). On the other hand, the chemistry of
10-HCO-HF is different from that reported for 5,10-HOCH-
H4F, since it cannot be converted to 5,10-€H,F and
5-HCO-H,F at pH values below 2 and above 8, respectively,
in the absence of a reducing systeln-8, 10, 12). 10-HCO-
H.F cannot be a substrate for SHMT-catalyzed formation
of 5-HCO-HF (1, 3).

The hydrolysis of 5,10-CHH,F to 5-HCO-HF is revers-
ible and reaches equilibrium by starting with either folate.
At pH 4.0 and 23°C, the equilibrium concentrations were
approximately equal (Figures 2 and 8). Kay et dl7)(
reported approximately equal concentrations of these folate
at pH 3.5. The equilibrium favors the formation of 5-HCO-
H4F at pH 4.5 and formation of 5,10-G+H4F at pH 3.3
(Figures 1, 3, and 7). At pH 2.5, 5-HCOHrepresents only
a few percent of the total folates (Figure 1).

Iron-redox cycling is involved in the production of 10-
HCO-H,F. Considerable evidence indicates that the chelators,
EDTA, citrate, and DFX, are good, moderate, and poor,
respectively, in supporting iron-redox cyclingd—24). The
decrease imfgsg of a 5,10-CH=H,F solution at pH 4.0 to

S

Baggott

SHMT activity simply could provide more folate precursors
of 5,10-CH=H,F; therefore, more 5,10-CGHH4F and thus
form more 5-HCO-HF prior to analysis. An additional
concern is the citation by Stover and Schiréhdf the data
published by Cossins et al2). Stover and Schrichlj
suggested that there was a positive correlation between
SHMT activity and 5-HCO-KF content in wild-type and
two mutant strains dleurospora crassaHowever, Cossins

et al. 26) reported that SHMT activities and 5-HCO#H
contents were, in paired order, 0.98, 0.76, 0.74, 0.48, 0.27,
and 0.09 [nmol product mirt (mg of protein)'] and 1.9,

9.0, 6.5, 2.0, 9.9, and 2.4 (ng/mg of dry weight), respectively.
Therefore, no apparent positive correlation existed.

Stover and Schirchl( 3) speculated that SHMT-catalyzed
reaction is the sole in vivo source of 5-HCQH If SHMT
does not catalyze the formation of 5-HCQF how could
it be formed in vivo? Cellular proton pumps maintain
relatively acidic microenvironment27). Folates are found
in and enter and exit the mildly acidic (pH 4 to 5) endosomes,
mitochondria, and lysosomes of eukaryotic cefl§34).
About 10% of the folates in rat liver cells is located in
lysosomesZ9). Folic acid and reduced metabolites are found
in isolated rat liver lysosons2 h after a dose of radiolabeled
folic acid (29). Furthermore, in cultured methotrexate-
resistant hepatoma cells with increased activity of lysosomal
pteroyl-y-glutamyl hydrolase, the polyglutamyl chain lengths
of folates are shorter as compared to wild-type ce3i’).(
There appears to be a facilitative system for transporting both
polyglutamyl folates and methotrexate into lysosongs.(
Thus, folates must enter and exit the acidic environment of
lysosomes. Any 10-HCO-# or 5-formiminotetrahydrofolate
which enters the lysosome will form 5,10-HH,F nonen-
zymatically (3), and 5,10-CiH=H4F could be converted to

4.5 containing these substances followed this trend (Figures>-HCO-HF as demonstrated in this study. Initial rates for

2—4). It is remarkable that trace amounts of iron in ACS

the formation of 5-HCO-kF from 5,10-CH=H,F in Figure

grade reagents at pH 4.0 to 4.5 readily catalyzed the oxidation? (I-€-, réactions in the presence of ascorbate, DFX, and DTE)

of smaller concentrations of 10-HCQOgHin equilibrium with
a larger concentration of 5,10-GH4F. The use of these

suggest a half-life of~10 h for this first-order reaction at
pH 4.5 (40°C). Although this is a relatively slow reaction,

chelators can reveal the presence of trace iron in reagentsOne-carbon metabolism does not take place in lysosomes,

For example, it has been reported that in purified reagents

and 5,10-CkH=H,4F hydrolysis to 5-HCO-KF would occur

and no added iron, the rate of oxidation of ascorbate is sevenwithout any competing reactions. The 5-HCQFHhat is

times faster in an EDTA-containing buffer than one contain- formed could be released relentlessly to the cytoplasm, the
ing DFX (25). Unexpectedly, the hydroxy-free-radical scav- intercellular space, and other neutral pH sites. Thus, it is
engers such as DMSO and mannitol provided only a small Still possible that chemically catalyzed reactions are indeed

amount of protection for the oxidation of 10-HCQHHin
the experiments presented here.

The assertion that 5,10-GFH,F is a substrate for SHMT-
catalyzed formation of 5-HCO-{# and that this is the in
vivo source of 5-HCO-kF made by Stover and Schirch, (

3) deserves further comment. Stoichiometric concentrations
of SHMT were used to demonstrate this reactidn 3).
Frequently, Stover and Schrich, 3) performed an indirect
assay for the formation of 5-HCO4H catalyzed by SHMT.
Furthermore, they stated that at cytosolic pH, enzyme kinetic
data suggest that only 5,10-HOCHH(not 5,10-CH=H,4F)
would be a viable substrate for SHMT-catalyzed reaction
(3). On the basis of the data presented here, it is unlikely
that these authors used 5,10-HOCHFHas a substrate for
SHMT. Increasing SHMT activity inE. coli and the
subsequent increase in 5-HCQFHdoes not provide proof
that this enzyme is forming this folatd)( An increase in

one in vivo source of 5-HCO-4f as suggested by Benkovic
et al. 36).

In conclusion, there is no compelling evidence for the
existence of 5,10-HOCH-f that is reported by Stover and
Schirch (@, 3) to be the viable in vivo substrate for SHMT-
catalyzed formation of 5-HCO-#. It is likely that 10-HCO-
H,F has been misidentified as 5,10-HOCHFHby these
investigators. Chemical reactions in mildly acidic subcellular
organelles could explain the formation of 5-HCQFHrom
5,10-CH=H,4F. Finally, iron-redox cycling is efficient in
catalyzing the oxidation of 10-HCO-H to 10-HCO-HF at
pH 4.0 to 4.5.
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