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PHENYLALANINE HYDROXYLASE FROM SPINACH LEAVES* 
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Al&act-Spinach leaves contain an enzyme system which catalyses the hydroxylation of r&phenylalanhre 
to tyrosine. The crude active extract has been partiahy puri6ed by fractional precipitation with acetone, 
adsorption on DEAE-cehmose, and with calcium phosphate gel. Such preparations showed a 66fold incream 
in specitk activity. The optimum pH of the reaction was at 42. Only bphenylalanine and ~-p-fluorophenyl- 
alanineamongthecompoundsttstedweresubstrattsofthcenzyrraesystgnandeachwasconvertedtotyrosine. 
Cinnamic acid was not hydroxylated. No reqtnremen t for metal ions could be demonstrated. The partially 
purified system showed an absolute req uirement for electron donors which was satistied by adding tetra- 
hydrofolic acid and a reduced pyridii nucleotide. The latter could be replaced by ascorbic acid, and the 
former by an extract of spinach leaves. The active factor in the extract was not obtained pure but behaved as 
expected for a pteridhre derivative during fractionation. The enxyme system was inhibited by concentrations 
of ~phenylalanine above 10-s M. Aminopterin, cinnamic acid, pchloromercurr ‘benxoate and sulfhydryl- 
containing compounds also inhibited the reaction. A kinetic study suggested that the enxyme system from 
spinach which hydroxylates phenylalanine is similar to that isolated from animal liver. 

INTRODUCTION 

AN EARLIER paper l described the ability of crude extracts from spinach leaves to catalyse the 
hydroxylation of cinnamic acid to pcoumaric acid. The enzyme preparation was unstable 
and could not be purified, but it was shown to require supplementation with two electron 
donors for maximum activity. The requirement was met by adding tetrahydrofolic acid, and 
a reduced pyridine nucleotide. 

A similarity between this system and the phenylalanine hydroxylase of animal liver was 
evident. Further examination of the crude spinach extract revealed that it was also able to 
catalyse the hydroxylation of phenylalanine. Since many aryl hydroxylases appear to be 
relatively non-specific there was a strong possibility that the hydroxylation of both substrates 
was catalysed by a single enzyme system. Some support for this was provided by the obser- 
vation that L-phenylalanine inhibited the hydroxylation of cinnamic acid, suggesting com- 
petition for the same active centre. 

Because a decision on whether the two types of activity were catalysed by the same or 
separate enzymes could not be arrived at by further study of unstable cinnamic acid hydroxy- 
lase attention was directed to the phenylalanine hydroxylating system. This proved to be more 
stable and a partial purification, resulting in separation of the two activities, has been achieved. 

RESULTS AND DISCUSSION 

The ability to catalyse hydroxylation of L-phenylalanine in an assay system containing 
tetrahydrofolic acid (THFA) and reduced nicotinamide adenine dinucleotide (NADH) was 

* Issued as N.R.C. No. 8334. 
t National Reseamh Council of Canada P o&&torate Fellow 1962-64. 

1 P. M. NAIR and L. C. V~~IW, Phytochem. 4,161(1964). 
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present in an aqueous extract of frozen spinach leaves. Preciprtation with acetone gave an 

active residue. When this was re-extracted with water, and the solution fractionated by step- 
wise addition of acetone. all of the activity was recovered in the material precipitated at 
concentrations of acetone between 40 and 75 per cent. Additional purification was accomp- 
lished by adsorbing the enrymc on to diethylaminoethyl (DEAE)-cellulose and cluting 
immediately with a buffer of higher ionic strength. Chromatographic procedures gave poor 
recoveries of the enzyme. Further treatment of the eluate with calcium phosphate gel at pH 

7.0 removed a large amount of protein without lowering phenylalanine hydroaylase activity. 
By these steps a 66-fold increase in specific activ ity was achieved (Table I ) and this preparation 

was used in subsequent studies. 
The single product formed from L.-phenylalanine in the enzyme reaction was identified as 

tyrosine. Tyrosine was also produced from p-fluorophenylalaninc and in this respect the 
spinach enzyme resembles the phenylalanine hydroxylase of animal liver.’ On the other hand 

no activity was observed with L-tryptophan as substrate. The animal system has been reported 
to catalyse the formation of 5-hydroxytryptophan but a high concentration of t_-tryptophan 

TABLE 1. PURIWATIOY OF PHkNYLAL4NINE HYDROXYLASh FROM SPIhACH LEA\‘FS 

Specific 
actrvitp 

Volume Activity Protem (umts/mg) Recovery? 
(ml) (units/ml) (mg/nil) protein* (“,,) Purification 

._ -. --- ._-. _-- ____. -_.. - _ . . ..-- - .-.. _.___ _ 

Crude 0.80 7.0 0.11 loo _- 
45-75” Acetone 
DEA&ellulose 

:: 0.80 1.5 0.53 ton 48 

adsorption 125 1.09 0.40 2-7 
Calcium phosphate 

gel treatment IO 1.09 0.15 73 

* One umt is 3 FM tyrosme/hr under the standard assay conditions used. 
t Adjusted for the removal of aliquots at each step for assay. 

6X 25 

68 66 

was required.3 Cinnamic acid, anthranilic acid, scetanilide and phenylpyruvic acid were also 
ineffective as substrates for the purified enzyme. although the first three compounds yielded 
phenolic products when tested with the crude preparation. 

Maximum activity with t.-phenylalanine as substrate was observed at pH 4.2 (Fig. 1). 
As reported by Kaufman J with rat lrver phenylalaninc hydroxylase high substrate concen- 
trations inhibited the system (Table 2). No change in activity was observed when therenction 
mixture was supplemented with MgSO+ MnS0.r. ZnSO+ CuSO+ CdSOJ or Fe,(SOa)J at 
5 )I: 10e4 M. However. HgC12 at this concentration c,tused a 71 per cent Inhibition. Of the 
metalchelatingagentstested w.cr’-dipyridyl and o-phenanthroline did not inhibit. but cyanide 
caused a small decrease in activity (Table 3). /I-Chloromercuribenzoate and a \arrety of 
sulfhydryl-containing compounds caused appreciable inhibitron. In\ol\rmcnt of a ptcridine 
cofactor i5 inferred from the inhibition by aminopterin. It is also noteworthy that cinnamic 

3 S. K~LFMAN. in O.\~gtwwe, (EdIted by 0. HAYAISHI). p. 129. Academx Press. Net\ 1 ark (1963 
3 J. REWOU, H. WEIWACH and S. UDFNFRIE~D. J. Biol. Chm. 237, 2261 (1962). 
-I S. KALkhlAN. in #Mtvhodv in Drq~~tm~o~_~~, Vol. 5 (EdIted by S. P. ~OLOWIC~ and Y. 0. K~PL.zN), p. 809. 

Academic Press, Ncr\ York (1962). 
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acid caused some inhibition; inhibition of cinnamic acid hydroxyiase activity by L-phenyl- 
alanine was observed previous1y.l 

The reaction exhibited an absolute requirement for added electron donors (Table 4). 
Addition of nicotinamide adenine dinucleotide (NADH) or its 2’-phosphate (NADPH) alone 

P” 

FIG. 1. EFFECT OF PH ON HYDROXYLATION OF L-m. 

Standard assay conditions were used, except for chanm in pH of the O-1 M citric acid-O.2 M sodium 
phosphate buffer. 

resulted in only a small amount of activity compared with that obtained when tetrahydrofolic 
acid (THFA) was also added. This property distinguishes the enzyme from the inducible 
phenylalanine hydroxylase of Pseudomonas specieqs which requires only NADH for maxi- 
mum activity. THFA alone gave approximately half of the activity which could be obtained 
by the combined addition of THFA and either NADH or NADPH to the assay system. The 

5 G. GUROFF and T. ITO, Bockn. Bio&s. Actu 77,159 (1%3). 
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reduced pyridine nucleotides could be replaced by ascorbic acid. Thus the enzyme system 
of spinach which hydroxylates L-phenylalanine appears to be less exacting in its requirement 
for electron donors than that which hydroxylates cinnamic acid. since ascorbic acid did not 

TAB= 2. EFFECT OF SUBSTRATE CONCFN?RATIO~ Ou FNZYHE ACII\ I rY* 

t.-Phenylalanine 
concentratton Tyrosme formed 

(pmolest Ipmoles) 
__ ._._.. _..- - -- - -- --- -.---- -- 

0.30 0.12 
060 0.38 
1.2 0.52 
I.8 0.79 
2.4 0.96 
3.0 I.10 
6.0 0.7% 
9-O 0.45 

* Standard assay condttions were used. 
except for changes in the amount oft -phenyl- 
alanine. 

TABLE 3. EFFECT OF INHIBITORS ON ENZYME ACTWIT\ 

Tyrosme 
formed Inhibition 

Supplement* (~moles) (I’,,) 
__ _c._._ .-__---~.-__-.- --.... -_.- .-.- _ 

None 
p-Chloromercurdxnzoate 
N-EthylmaIeimide 
Glu~thlone (reduced) 
Cysteine 
Mercaptoethanol 
&&Dtmercaptopropan- 

l-01 (BAL) 
ct,a’-Dipyndyl 
o-Phenanthroline 
Cyamde 
Aminopterin 
Cinnamic actd 

I.15 __ 
0 76 34 
I.12 3 
0.83 28 
0.64 44 
0.06 95 

0 IO0 
I.15 (1 
I IS 0 
I-02 II 
0.13 89 
0.64 44 

* Standard assay conditions were used except for addmon 
of the inhtbitor. Aminopterin and cinnamic acid were used at 
lO-4 and IO-” M respectively. Other substances uere added to 
give 5 F. 10 J M in the reaction mixture 

serve as an electron donor in the latter. Moreover, ascorbic acid has not been reported to 
be active in the phenylalanine hydroxylating system of animals. 

With an enzyme prepared from rat liver Kaufman ?. b has demonstrated that the cofactor 
which donates electrons directly to the substrate is a tetrahydropteridine which is oxidised 
during the reaction to the dihydro-state. For catalytic activity the dihydropteridille must be 

6 S. KWFMA~, J. Bud Chenr. 239. 331( 1964). 
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immediately reduced again by an auxiliary electron donor, either non-enzymically with 
certain reducing agents or with a reduced pyridine nucleotide in the presence of a second 
enzyme. The pyridine nucleotide may be subsequently returned to the reduced state by par- 
ticipation in any suitable oxido-reductase reaction in the metabolism of the organism. A 
kinetic study with the spinach enzyme system (Fig. 2) has indicated that a similar sequence of 
events probably occurs. With THFA as the only cofactor in the incubation mixture the reac- 
tion rate was slower than when both NADH and THFA were present and levelled off after 15 
min at less than half the value attained with the complete system. Adding NADH to the 
reaction at this time had little effect. The result is similar to that observed by Kaufmar~,~*’ 
who has shown that the quinone form of the oxidized pteridine rearranges rapidly to the 7,8- 
dihydro derivative which cannot be reduced back to the tetrahydro state. The crude cinnamic 
acid hydroxylase of spinach did not show this effect.’ 

TABLE 4. EFFECT OF ELECTRoN WNATING CX3FAClXX.S ON ENZYME ACllWTY* 

None 
NADH 
NADPH 
Ascorbic acid 
THFA 
THFA+ NADH (O-2 ,umole) 
THFA+ NADH (03 wale) 
THFA+NADH (1-O /anole) 
THFA+ NADH (2.0 wale) 
THFA+NAJJPH 
THFA + ascorbic acid (0.2 qole) 
THFA + ascorbic acid (05 qole) 
THFA+ascorbic acid (1.0 qole) 

* Assay conditions were standard, except for variations 
inthecofactorsupplement. TheamountofTHFApresent 
was @2 holes. Unless noted otherwise 0.5 qoles of the 
remaining cofactors were used. 

A second addition of THFA to a reaction, which had proceeded for 15 min with only 
THFA present, permitted hydroxylation to continue with little change in rate. When both 
NADH and THFA were added after 15 min to the reaction which had received only THFA 
the rate of hydroxylation increased. It was slightly lower than when both cofactors were 
added at the start of the reaction, presumably because of some inactivation of the enzyme 
during incubation. 

Although THFA is effective as an electron donor in the phenylalanine hydroxylase sys- 
tems of animals as well as spinach, Kaufman has demonstrated* that it is not the natural 
cofactor of rat liver. He has recently isolated the latter substance * and shown it to be dihydro- 
biopterin. Aqueous extracts of spinach leaves were found to contain a cofactor able to replace 
THFA as an electron donor in the spinach phenylalanine hydroxylase system. The extract 

7 S. KAUFMAN, J. Biol. Gem. 234,207 (1959). 
8 S. KAUPMAN, Proc. Nat. Acad. Sci. U.S. 50,108s (1963) 
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was fractionated by adsorption chromatography on Florisil and then by partition chromato- 
graphy on a column of silicic acid. The absorption spectrum is recorded in Fig. 3. Paper 
chromatographic examination of the active product showed it to contain a blue-fluorescent 
substance which became yellow, with a deep yellow fluorescence. upon treating with alkali. 

With the cofactor preparation from spinach in the phttnylalanine hydrosylase assay 

system and L-phenylalanine as substrate tyrosine was again the sole product of the reactlon. 
The rate of hydroxylation was linear for 10 min with no initial lag (Fig. 4). Kaufman n has 

reported that the natural cofactor of rat liver phenylalanine h>drosylase is inncttve uhen 

/-------- 
._._---_-_.. __- . . -_ ._-._T-‘ __~ 

I 
I 
I 

I 

TIME I MINUTEi I 

FK, 2. RAIEO~~HYDR~~)X'ILATIONOFL-PHEYYL~L~~I~E. 

Assay conditions were standard except for vanations m the ndditlon of THFc\ (0.2 pmole) and NADH 
(0.5 pmole). Delayed addmonb ~crc made 15 mm after the start of the reaction. 

prepared in a pure state unless first reduced to the tetrahydro derivative with a dihydrofolatc 
reductase. However, no lag was observed with crude or partially purified preparations. 

Although the conversion of phenylalanine to tyrosine in animals has been extensively 
studied little attention appears to have been given to the occurrence of this reaction in the 
plant kingdom. Some evidence has suggested that the reaction may be of only minor import- 
ancc in plants and microorganisms .9 Nevertheless results obtained in feeding esperiments 
with lJC-labelled phenylalanine have occasionally indicated that hFdrn\yI:ttion to tlrosine 
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does occur. Values reported by Neish and coworkers lo, l l for the specific activity of tyrosine 
isolated from Salvia splendens, Triticum vulgare and Fagopyrum tataricum which had been 
administered radioactive phenylalanine, or compounds easily converted to this amino acid, 
show that direct conversion by a hydroxylation reaction must have been appreciable. Similar 
evidence has been obtained with fungi 12s l3 and examples of the induction of a phenylalanine 
hydroxylase in bacteria are known.14n l5 

The isolation and partial purification from spinach leaves of a cell-free system which can 
catalyse the hydroxylation of phenylalanine strengthens the direct evidence from feeding 
labelled precursors for the existence of this pathway in plants. The demonstration that a 
natural cofactor which can substitute for THFA in the test system is also present in spinach 

‘0 

WAVELENGTH Imp) 

Fro.3. ULTRAVIOL~TABSORPTION SPECTRA OFAPREPARATIONCQNTAINING ANATURALCOFACTORFOR 
THE-HyDROXYLAsEOF SPINACH. 

The active fractions from a silicic acid partition column wcrc mcasurcd in @l N HCl (solid line) and Q 1 
N NaOH (hat&cd line). 

leaves increases the likelihood that the enzyme is functional. The enzyme system is spinach 
is clearly similar in most, though possibly not all, respects to that present in animals. It is 
also similar to, but distinct from, the system in spinach which hydroxylates cinnamic acid. 
Spinach phenylalanine hydroxylase is now known to be devoid of activity on cimuunic acid; 
it has not been shown whether the converse is true. 

10 D. R. MCCAL.L.A and A. C. NEISH, CaMd J. Biochem. i%_vsiol. 37,531(1959). 
110. L. GAMBORO and A. C. NEISI, CaMd J. Biochem. Physiol. 37,1277 (1959). 
12 L. C. VINING and W. A. TABER, Canad. J. Microbioi. 9,291 (1963). 
13 L, C. VINING, Unpublished results. 
14 S. DAGLEY, M. E. FEWS-IIS and F. C. HAPPOLD, J. Gen. Mizrobiol. 8,1(1953). 
1 5 s. UDENFRIEND and C. MITOMA, in Amino Acid Metabolism (Edited by W. D. MCELROY and H. B. GLASS), 

p. 876, The Johns Hopkins Press, Baltimore. (1955). 
27 
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separate reactions uerc assayed after d&krent periods crf incrrbution. Other condwxw were standard. 

Assay 

EXPERIMENTAL 

The reaction mixture consisted of L-p~eny~afa~ine (3 Pmolef, NADH (O-5 ~~mole). THFA 
f0.2 pmole), enzyme solution (1 ml), O-1 M citric acid-O.2 M sodium phosphate buffer, pH 
4.2 (1 ml), and water to a total volume of 3 ml. It was incubated at 30 for 20 min. then tri- 
chloroacetic acid (O-5 ml of a 20 I)0 w/s solution) added and the precipitate remowd by centri- 
f~gat~o~, Analiquot fl ml) of the su~r~atant solution was used f~~rl~leestimati~n ~~fphel~ol~c 
substances by a modification of the procedure of Booth and ~oy~a1~d.l~ Suitable controls and 
a reagent blank were included in the assay. The response to increasinp conwntrations of 
tyrosine was finear. A unit of activity is defined us the amount of enzyme required to form I 
pmole of tyrosine under the standard conditions of assay. 

Protein was estimated by the method of Lotvry t’! af.” with bwine serum albumin as 
standard. 

I* J. Boom and E. BOYLAW, Bkzcl~em 3.66, 73 (1957). 
1’ 0. N. LOWRY, N. J. ROSEBROWH, .4. J- FARR and R. J. R~MMLK . J. Bmi. Cltem 193.365 (1951 f. 
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Purtjkation of Enzyme 

Exoept where noted otherwise all manipulations were carried out at 4”. 
Crude preparation. Spinach leaves (250 g fresh weight) frozen at - 20” were crushed in a 

mortar with a pestle. The powder was stirred into water (250 ml) and the suspension filtered 
through cheese cloth. To the filtrate three volumes of acetone at - 20” were added. The precipi- 
tate was separated by centrifugation, washed three times with cold acetone, and dried 
thoroughly in vacua. 

A solution of the crude enzyme preparation was obtained by dispersing the residue (0.6 g) 
in water (30 ml) and centrifuging the suspension at 10,000 g for 5 min to remove debris. 

Acetone fractionation. To the crude enzyme solution (28 ml) acetone (19.6 ml) at - 20” 
was added and the precipitate, removed by centrifugation at 12,000 g for 10 mins, was dis- 
carded. An additional portion (64.4 ml) of acetone was mixed with the supernatant. The 
second precipitate, separated in the same manner as the 8rst, was collected and redissolved 
in 0.01 M sodium phosphate buffer, pH 7.2 (28 ml). 

Adrorption on DEAlGcellulose. A solution (25 ml) of the acetone-fractionated enzyme was 
stirred for 15 mins with 500 mg of DEAE-cehulose which had been prepared by the procedure 
of Peterson and Sober I8 and previously equilibrated with 0.01 M sodium phosphate buffer, 
pH 7.2. The mixture was f&red through a sintered glass funnel; the cellulose derivative, 
containing the adsorbed enzyme was washed in the funnel with 50 ml of the same buffer and 
again in a similar manner with 0.01 M sodium phosphate buffer, pH 7.2, containing 0.05 M 
sodium chloride. The enzyme was finally eluted by stirring the residue with 12.5 ml of the 
buffer to which sodium chloride at 0.4 M concentration had been added. 

Calcium phosphate gel adsorption. The eluate (10 ml) from DEAE-cellulose was adjusted 
to pH 7-O with O-1 N acetic acid. Calcium phosphate gel (35 mg) prepared as described by 
Keilin and Hartree rg was stirred into the solution and, after 15 mins, removed by centrifug- 
ation. Most of the phenylalanine hydroxylase activity was in the supematant fraction. The 
course of purification is summarr ‘zed in Table 1. 

Identijkation of Product 

GPhenylalanine (3 pmole) uniformly labelled with 14C (0.1 +) was incubated with a puri- 
fied enzyme preparation under standard assay conditions. Protein was removed after pre- 
cipitation with trichloroacetic acid and the solution applied to a column of Dowex-50 x 8 
@I+). Amino acids adsorbed on the resin were eluted with 2 N ammonium hydroxide; the 
eluate was evaporated in vacua and redissolved in water (1 ml). An aliquot (50 ~1) of the solu- 
tion was chromatographed on a Whatman No. 1 paper strip using the solvent mixture 
n-butanol : acetic acid : water (12 : 3 : 5). When scanned for radioactivity the developed chrom- 
atogram showed two zones at I$values of 0.55 and 0.48 corresponding to those of authentic 
specimens of phenylalanine and tyrosine respectively. Both radioactive areas coincided with 
purple zones which appeared when the chromatogram was treated with ninhydrin. 

To cotirm the formation of tyrosine a sample of L-phenylalanine-U-14C-containing 0.5 
e of radioactivity was incubated with the enzyme system under standard conditions. The 
amino acid fraction obtained from the reaction mixture was diluted with carrier L-tyrosine 
(250 mg) and the amino acid crystallized four times from water to a constant specific activity 
of 1.39 mF/mg. 

18 E. A. PETERSON and H. A. SOBER, in Metho& in Enzymology, Vol. 5 (Edited by S. P. c!4XDWICK ad 

N. 0. KAPLAN), p. 3, Academic Press, New York (1%2). 
19 D. KEILIN and E. F. HARTREE, Proc. Roy. Sot. 124 (B), 397 (1937). 
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Spec$city 

Under standard assay conditions with the purified enzyme preparation no hydroxylation 
was detected when r-phenylalanine in the reaction mixture was replaced with phenylpyrukic 
acid, cinnamic acid, anthranilic acid, acetanilide or r-tryptophan at equivalent concen- 
trations. L-p-fluorophenylalanine. on the other hand, was a suitable substrate. The product of 
the reaction was indistinguishable from tyrosine bq co-chromatography in n-butanol: acetic 
acid: water (12: 3: 5). The rate ofthc reaction under standard conditions @as only slightly less 
than that with L-phenylalanine (I.02 vs. I.09 itmole of tyrosmr formed. rcspectivel} ). 

holatiorl of Nutllra/ Cofacrol 

Frozen spinach leaves (500 gl crushed with a pestle in a mortar were mixed with I litrc of 
water and macerated in a Waring blendor for 5 min. The slurry was filtered through cheese 
cloth and the filtrate boiled for 5 min. then immediately cooled to 0 . After the pH had been 
adjusted with acetic acid to 4.0 the extract was clarified by filtration through Celite and applied 
to a column (2.5 Y 15 cm) of Florisil(60- 100 mesh 1. Thorough washing u ith water removed a 
large quantity of inactive yello\\-colored eflluent. The active substance was elutcd with 20 I’,, 
aqueous acetone. It was concentrated in wcuo to remove the acetone and the volume adjusted 
to 20 ml with water. An inactive gelatinous yellow precipitate which settled on storage at 0’ 
was separated leaving a clear yellow solution. 

A portion ( I5 ml) of this was concentrated in VUCIIO at 30 to a small volume and applied to 

a partition column (2.5 x 12 cm) prepared from a slurry of silicic acid (21 g). water ( 11 ml). 
and a chloroform : n-butanol(3 : 17) mixture as described by Kaufman and Levenberg.“’ The 
column was developed in the dark under nitrogen with the organic phase of the solvent mix- 
ture and 10 ml fractions collected. Cofactor activity was present in fractions 3 to 8. These 
were combined. concentrated almost to dryness at 40’. in YCIMO. and diluted to 5 ml lvith water. 

The activity of extracts and concentrates was tested by substituting 0.2 ml of the solution 

for the THFA used in the standard assay of phenylalanine hydrouqlase activity. A control 
with boiled enzyme was included. No attempt was made to debclop a quantitative assay, but 

where the test showed the preparation to be very active the assal HLS repeated after suitable 
dilution. A comparison of the activity of preparations at ditkrent stages of purification is 
given in Table 5. 

TAHLE 5. COf .\CTOR AC TIVITY 01 i KM’1 IONS I ROM SPlh 21 ti EX I R.WT* 

Volume of Dllutlon T> rows 
extract for formed 

(ml) as\Cly Ij~rnolc\) 

Nl1 ._ -. 0 

THFA I 4w 
Crude boiled extract 

of spinach IO00 ml 0 32 
Florisil column elua~e 20 I .70 I 5.1 
Silicic 3c1d column 

clunk 5 l-70 Wh 
-_-_ 

* Stanllard condittonh for assaymg phenylalanme hydroxylaw XII\ it) 
were used ew~pt that THFA ~a’r replaced. H here mdlcated by 0 2 ml of the 
tcsl solution. 
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Evidence that the reaction catalysed by the enzyme in the presence of the natural cofactor 
was the same as when THFA was used was obtained at each step in the purification by using 
Irphenylalanine4P4C as the substrate. In each instance radioactive tyrosine was identified 
in the incubation mixture by paper chromatography. 

Paper Chromatography of Natural Cofactor Preparation 

Samples of the purified material were chromatographed on Whatman No. 1 paper strips 
by the descending technique. Folic acid was used as a reference compound and the chromato- 
grams were examined under U.V. light of 253.7 rnp. The cofactor solution gave a single zone 
with blue fluorescence, which changed to a deep yellow fluorescence under light of 366 rnp 
after the paper had been sprayed with 5 % aqueous sodium bicarbonate. The fluorescent area 
coincided with a yellow zone which could be seen under visible light after the alkaline treat- 
ment. The Rf values of this zone and the references compound in three solvent systems are 
given in Table 6. 

TABLE 6. Rfv~u~ OFPLU~RES~ENTSUMTANCEDINATUUL 

cOFACTORPREPARATION 

solvent system 

Rf values 
, , 
Folic Cofactor 
acid solution 

n_Butanol : acetic acid : water 
(12:3:5) 

Isopropanol:2N ammonia:water 
(40:1:20) 

5% Aqueous acetic acid 

O-38 o-39 

O-60 O-70 
0 O-35 


