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Summary

L-Tyrosine, 2~chloro-L-tyrosine, 2-bromo-L-tyrosine, and 2-iodo-L-tyrosine were
synthesized by g-tyrosinase obtained from cells of Escherichia intermedia A-21,
through the reversal of the a, 8-elimination reaction, and their molecular structures
were analyzed by element analysis, NMR spectroscopy, mass spectrometry and IR
spectroscopy. Rates of synthesis and hydrolysis of halogenated tyrosines by g-tyrosi-
nase, inhibition of the enzyme activity by halogenated phenols, and effects of addi-
tion of m-bromophenol on the synthesis of 2-bromotyrosine were determined. The
results obtained were as follows:

1) In the synthesis of halogenated tyrosines, the yield of 2-chlorotyrosine from
m-chlorophenol were approximately 15 per cent, that of 2-bromotyrosine from
m-bromophenol 13.8 per cent, and that of 2-iodotyrosine from m-iodophenol 9.8
per cent.

2) Rate of synthesis of halogenated tyrosines by g-tyrosinase was slower than that
of tyrosine and the rates were decreased in the order of chlorine, bromine and
iodine, that is, by increasing the atomic radius. Relative rate of 2-chlorotyrosine
synthesis was determined to be 28.2, that of 2-bromotyrosine to be 8.13, and
that of 2-iodotyrosine to be 0.98, respectively, against 100 of tyrosine. However
3-iodotyrosine was not synthesized by the enzyme.

3) The relative rate of 2-chlorotyrosine hydrolysis by g-tyrosinase was 70.7, that
of 2-bromotyrosine was 39.0, and that of 2-iodotyrosine was 12.6 against 100
of tyrosine, respectively. The rate of hydrolysis appeared to be decreased in
the order of chlorine, bromine and iodine, that is, by increasing the atomic radius

or'by decreasing the electronegativity.  But 3-iodotyrosine was not hydrolyzed by
the enzyme.
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4) The activity of g-tyrosinase was inhibited by phenol markedly. Of the halo-

genated phenols, 0-, or m-chlorophenol and o-bromophenol gave marked inhibition

on the enzyme action, however inhibition by iodophenol was not strong. Plotting

by Lineweaver-Burk method, a mixed-type inhibition by m-~chlorophenol was
observed and its Ki value was found to be 5.46<107*M.

5) During the synthesizing reaction of 2-bromotyrosine by the enzyme, sequential

addition of substrate which was m-bromophenol with time intervals and in a

small amount resulted in better yield of the product.

6) The halogenated tyrosines which were produced by s-tyrosinase from pyruvate,

ammonia and m-halogenated phenols were analysed to determine their molecular

structures by element analysis, NMR spectroscopy, mass spectrometry, and IR

spectroscopy. The result indicated that they were 2-chloro-L-tyrosine, 2-bromo-

L-tyrosine, and 2-iodo-L-tyrosine, respectively.
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Fig. 1. Formation of L-tyrosine by the «,
B-elimination of g-tyrosinase.
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Table 1. Relative rate of halo-tyrosine syn-
thesis from ammonia, pyruvate
and halophenol by g-tyrosinase.

Tyrosine derivatives Syathetic velocity

(%)
Tyrosine 100
2-Chlorotyrosine 28.2
2-Bromotyrosine 8.13
2-Jodotyrosine 0.98
3-Iodotyrosine 0. 000
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Table 2. Relative rate of pyruvate forma-

tion from halo-tyrosine derivatives
by B-tyrosinase.

Degradative velocity

Tyrosine derivatives %)
Tyrosine 100
2-Chlorotyrosine 70.7
2-Bromotyrosine 39.0
2-Iodotyrosine 12.6
3-lodotyrosine 0.0
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Table 3. Effect of halophenol on the a, -
elimination of g-tyrosinase.

Phenol Formed Relative
derivatives  pyruvate(uzmol) activity
no addition 1,480 100
Phenol 0.235 15.9
p-Chlorophenol 1, 250 84.4
0-Chlorophenol 0.980 66. 2
m-Chlorophenol 0. 950 64.2
p-Bromophenol 1,052 71.1
o~-Bromophenol 0.912 61.6
m~Bromophenol 1,332 90.0
p-lodophenol 1,434 96.7
o-Iodophenol 1,419 95.9
m-Iodophenol 1,336 90.3
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Fig. 2. Inhibition of m-bromophenol on the
B-elimination reaction of S-tyrosinase.

m-bromophenol & BAHS] HEME veby
gon 7 K& 6.25x107*M & Bgsh e
uld © = 7] e}9] halogen {t. phenol ¢ K; gt& &
Aste] = 4 mAEY

Table 4. K; values of halophenol derivati-
ves for g-tyrosinase

deroitives KD pBso
m-Chlorophenol 5.46x107¢ mixed
o-Bromophenol 6.25%107* mixed
m-Bromophenol 6.25x107* mixed
o-Todophenol 1.81x1073 mixed
m-Iodopheno! 6.47Xx107* mixed

a¥ . K B Rl sk HHishgloh

VeV g Ka(li/K)
P 1R/ KK, =TI K /K K
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Fig. 3. Effect of feeding of m-bromophenol
and refreshment of enzyme on the
formation of 2-bromotyrosine.

oz A8 Artsle Ao 2-bromotyrosine 2]
aatdel HRML AL ¢+ Ak

9) Halogen {\ tyrosine 2| TS 17 : -tyro-
sinase 9] «, B-IRHEAEAS] WAL ol 43
A %k halogen {t tyrosine 2]C, H, N =} Cl, Br,
19§34 24% A3+E 7 50 EAsg

Table 5. Elemental analyses of 2-chloro-L-tyrosine, 2-bromo-L-tyrosine and 2-iodo-L-tyrosine.

2-chloro-L-tyrosine

2-bromo-L-tyrosine

2-iodo-L-tyrosine

/Cl I—ll /Br PII Yz I III
Molecular /N SN AN
formula HO—X O /—CHZ—?~C00H HO—( O /—CHz—(I)—COOH HO—{ O /~CH2—(I;—COOH
NH, NH, NH,

1
ﬁfgigegg‘ar 215. 64 260. 09 307. 09
frlliﬂnyesﬁal C% Hz N% Cly Co% H9% N9 Bry Co Hy N Il
Calculated 50.13 4.67 6.50 16.44 41.60 3.88 5.39 30.70 35.20 3.28 4.56 41.3
Found 49.32 4.93 6.29 16.09 39.44 4.16 5.15 29.60 33.69 3.62 4.16 39.4

F 5448 o] TESWT S Mimg B 5%k 3.48ppm ¢ X proton 2] quartet®] signal
—%5 &= A2 ¥ E43 halo-tyrosine o] IE (coupling S8t : Jas=5.5Hz, Jax=8.5Hz T
Hyez 48 --g #HudE & A4E 2y Jsx=8.5Hz)o] EAsta IJE%fES] methylene

.,

10) 2-Chloro-L-tyrosine o] #3347 : 5.4
Al gF 2-chloro-L-tyrosine ¢ NMR-spectrum
E 29 49 ZA5Rgc

a8 4o}Ase} 3ol 53 2.84ppm o] ABX 9
AB proton(H,, Hg)d] Hi3KsH= octet & signal,

proton &| £ & p¥estar etk

. ERe] ebd signal& &S proton
Ha, Hb 9 Hcol mzksExw 22 7.02ppm(Hae
doublet, coupling % Jab=8.2Hz), 6.52ppm
(Hb quartet, coupling ¥t Jab=8.2Hz, Jbc=

2.3Hz), 6.68ppm(Hc doublet, coupling E#
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Fig, 5. Mass-spectrum of 2-chloro-L-tyrosine.
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Fig. 6. IR-spectrum of 2-chloro-L-tyrosine
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3,400cm™*¢] —OH, 3,210cm~'e] —NH, 3,
000cm™ o] —CH,-CH—, 2,400cm™ ] —COOH,
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Fig. 7. NMR-spectrum of 2-bromo-L-tyJosine,

23 7149} o) 57k 2.84ppm o] ABX EI9]
AB proton(Ha, H,)el| Hi%EHs octet &) signal,
8zt 3.48ppm o} X proton & quartet - signal
(coupling Z# Jar=5.5Hz, Jax=8.5 Hz @ Jax
=8.5Hz) 7} &2 5}5] JE%(ES] methylene proton
o A7} BgRE L gl

g (gl vhekd signal & S5 % ] proton

Ha, Hb ¥ Heoll stz 77 7.02ppm(Ha,
doublet, Jab=8.1Hz) 6.53ppm(Hb, quartet,
Jab=g8.1Hz, Jbc=2.2 Hz) 6.85ppm(Hec, doubl-

et, Joc=2.2 Hz)o|r},

& RS spectrum & 18 o] A5}yl
5.

2-Bromo-L-tyrosine e 1895,-112;'7‘ ------- W
M.W. 260 N
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Fig. 8. Mass-spectrum of 2-bromo-L-tyrosine.
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Fig. 9. IR-spectrum of 2-bromo-L-tyrosine
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