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Studies on the B-Tyrosinase

Part 1. On the Enzymological Characteristics of 3-Tyrosinase
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Summary

B-Tyrosimase was purified and crystallized from cells of Escherichia intermedia
A-21 grown in é medium supplemented with 0.29% L-tyrosine. Molecular weight of
its subunit, Km value and absorption spectra were determined. Crystallization
methods were also studied to eliminate any unnecessary procedures. The results
obtained were as follows:

1. The purification procedure included ammonium sulfate fractionation, dialysis
against potassium phosphate buffer, pH 6.0 and pH 7.0, and DEAE-Sephadex
column chromatography. In the column chromatography, 11 mg of protein was
applied per m! of DEAE-Sephadex for efficiency.

2. Steps of pr;otamine sulfate treatment and Sephadex G-150 gel filtration could
be eliminated for this enzyme from the known procedures.

3. The purified enzyme was dissolved in 0.0IM potassium phosphate buffer con-
taining 2-mercaptoethanol, with a concentration of 20mg/ml. Crystalline enzyme,
which appears as hexagonal rods, was obtained by adding solid fine powdered
ammonium sulfate to the enzyme solution.

4. Absorption maxima of the enzyme appeared at 340 and 430nm when associated
with pyridoxal phosphate.

5. Km value of the enzyme for L-tyrosine was 2.31x107*M and the molecular
weight of its subunit was determined by SDS-polyacrylamide electrophoresis to
be approxirﬁately 50, 000.

o~ coli phenologenesv} tyrosine-2 -5 sle] phenol
oW & YAEE A4 BRITY o] o) Belste

Kakihara %9 Ichihara 5.2 1953 Bacterium BEsL tyrosine {li$HY S-LEZS AN om

— 191 —



EitEER #me] tyrosinase o T Eks) $3h
o] p-tyrosinase[tyrosine phenol lyase(deamina
ting) (E.C. 4. 1. 99. 2)Jebz @& et? ol
o] 4 1957 W . Yoshimatsu®: o] B K
9] jtyrosine 2 & FEAAH I
phosphate(PLP) & #p## 2 $ta tyrosine of 2k
435l {LEER%HAe s phenol,
ammonia £ ¥ AcE A¢ wyeh 1F 19
651 Brot -‘é«“" Clostridium tetanomorpham
ol 4 o] B 2AA ] 2 AAE 2AR
oot ERE ’] g Abgkal (WHS®E Escheri

Erwinia herbicola

=3t pyridoxal

pyruvate gl

*a

chia intermedia A-21V 4
AICC 21434%¢]) A g-tyrosinase & 27 RO
= Bt 1 TR, SMoEMk AT Al
M D el £ TAY, mEn 42, 29
o AL ASe o7 wxstgvh. 2 25 o B
#7b o p-BZINES, G-E#d3vY H racemi
ferewd Zajgebe AL Weln =8 o5
ZyuF-S-9) RHFL- o2 tyrosine 3} 3, 4-dihydroxy-
phenol-1.-alanine(L-dopa)*® & tyrosine - 5.4
ﬂ —%xal Hd—rl:- uéﬁg}§q4_14,15,16)
Z p-tyrosinase & AEd a-B-IREET o2
L(D)-tyrosine+H,0—Pyruvic acid+NH;+-
Phenol,
L(D)-serineaPyruvic 'acid—l—N H,,
L(D)—tyrosine+Pyrocatechol—>L-dopa—|—
phenol
o urg-g Wl g-ERAELE
L(D)—serine+Phenol——>L—tyrosine+H20
L(D)—serine+Pyrocatechol—>L—dOpa—i—Hzo
o #k&-¢ #lx racemifbi-g oz
L(D)-alanine—DL-alanine
o wre-g she, 2Bl o-p-RAETES WS
L7
Pyruvic acid+NHz+ Phenol—L-tyrosine-+
H:0
Pyruvic acid+NH,-+Pyrocatechol—L-dopa-+
H:0
Zu gtz vitamin B & WEEHK R 3

x S. 8.
(=] o =
E 24 Aol

s# & Escherichia intermedia A-21 & ¥
ksle] ok 30088 TAE A o] A4 p-tyro-

sinase & Aoz EMART. 23t A2
s R EER ] SHRERNY P>} tyrosine o =g Km

U BER®me 9% o ke subunitd

STEE 4% 2%E 9o ]
o] gk dg AEE e kR 4
£ dglere waFy ol

o] B 1978 Vs THEW B BN HEE
ST dstd Bk HEAE BB B
(LERF PE B EE A o] Fela Aotk

E B

[. BEel a8

i) BREH : Escherichia intermedia A-21(F
TwAER BELTR, AKU-0010)

ii) BE8S| ui ek : peptone 0.5%,
595, NaCl 0:29, yeast ext. 0.05%, tyrosine
0.2%, pH7.0 &2 H#EE W™ 30/ & -2 50/
Eo] jar fermentore] <kzr9] silicon #EiuEE
7hste] sl AR A HEERE A S
waksk %) (150/min) & w4 28°C o4 18 4]
7+ W e¥sk 3 9,000~10,000rpm &2 kAl A
BHE dd

AT BEMES 24 88 59 ¥ Agd
WEg o) #ske 0~5°C T4 s

ili) Bkl il o2 ZHEHEE 3058(wet
weight)E 0.005M 9] 2-mercaptoethanol 3 3
FrEh 0. 01M e 7bel b5 (pHG. 0)o] & =hA
#A 20KC, 3027t @EE M=UE & %‘7— 12,0008
ol A 30 &7k EIEA A EMil FEAE ddrh

iv) fresy#l - EMSSY¢] ammonia K2
pHE 7.028 =x8d4 BEE 30% =37+ 2
w74 st 5°C 8 WAl —EYAF 42
IS 20 B-7+ 12,0008 o @phom A A
Lol olA] RS 60% #uFIAl A ‘”’”‘"“ﬂ -
Wb F 48R AAE e 5o WET
BEpgol el sbpdew THZ @mEstEY. B
A Az AEAA-L 3 12,0008 ¢} =ib.o
2 AAgge. 2 BBl 0.005M ¢ 2-mer-
captoethanol ¥ ¢f3t: 0.01M e 7lel 43
@ (pH7.0) o2 " HzZ #Hsle 44 445 B
e Eikez AAsg e

v) DEAE-Sephadex column chrematogra-
phy : L3t pH7.0¢ #fgsle] dFYor Ty
{tA]# DEAE-Sephadex A-50¢] column(5x85
cm)ol] GG BlANA A& EENE Emste
L 2o 31 2 A AFE 2 G54 0.1M-KCl
E et Aom 2.1ml/min9 HrE FEHAA

14 HEstgch. SEAY gREgde T

meat ext. Q.

H
07,

2
A

15.3m

— 192 —



Atz BATEL 2ot BT 30~60%% 4N
AA F%3sla pH6. 08 0.005M & 2-mercaptoe-
thanol & #H--8t& 0. 01M #s 7] 2]
el o

vi) BiRA# %4‘ L8 -2 R S
30% #FA A 47 AL mikow AAsw 2
LA oA FEed 50% #AA vz 8
BE AAY I3 ;i(%o Zo} 0.005M ¢ 2-
mercaptoethanol & #-f3 pH 6.09 0.01M
o BETlE dplom @H?Emidr

vii) Hydroxylapatite column chromatogr-
aphy : ZHE BEHEA-2 0.01M Y LT Sh5ao
2 T51Lat hydroxylapatite column(4x20cm)
off ®A&AA 0.005M & 2-mercaptoethanol & 3+
3= pH6.0 9 0.1M BEmE71 e 43 800ml =
A A5k ¥ 0.005M & | 2-mercaptoethancl 7 0,
IM 9 BR%EE FR3E pH6.09 0.1M g sle)
ShFTHoR FHHET. HiEMo] 0.7units/mg
£ BG5S Rt AR st2ae] 2o grEfp
< Bt ok

vill) BRI pHE-S 20meg/ml o
Fx7F HAE pHG6. 09 0.01M ¢ BEgmsls <
TRl Fo] o]l Frppe] oFe Febo] 4A
WA RS AAs nskel 12, 000g o) 4
3087k Eiste 7 k@l S wAad] dol &
fhel 7 e AE st

ix) R EHSY  pRAA ol BRI
%7 £ L-tyrosine 5g moles, PLP ¢.8u moles,
pH 8.0 9 MEfs7Ie] k% 200umoles 5l g-tyro-
sinase & -8} fHERFS 4 0ml & 30°C o
A 20%7 S A7 9g 30% TCA 1.0mi &
wste] Wbg-& AR A 7la 2,500 A 1087k &
Wete] B g sl L Fo] 44" pyru-
vic acid & Friedemann-Haugen #]'9o] wlzl 5
fahe] 243190,

=g & W25k 4 244 @ phenol & 4-
aminoantipyridine ¢ & FEfaA]r]E uwlbg®o g
E BREES 3459 F LR 2ol do
09 TCA 1ml& fustel 452 kA7 F =
Iml o] 10% BEE&vES 0.2ml & Juste) sfnAl
715 88 RAT 5 0.2M BiA o — S
o (pH9.1) 3.0ml <
(20mg/mi) '100/119} potassium ferricyanide
(27mg/ml) 1004! & Mmske] viebwt g 505nm
ol A EFAshe] ek ok

GFhon

]o
i3

w3

f~

M3k a 4-~aminoantipyridine

x) CHuzo] 578 : Hitachi 101
tometer & 280nm & WYEE A dto FE3H
9l ok

el D 19 w4 ELEERY  WREN
(Ef%)% mipdme] ®MoR 8.379 o] oo

spectropho-

A geme® o] ATdAL o ol we} w
A¢ HHHg e
xi) Hydroxylapatite o] g5 : & 488l 4

-8-3+ hydroxylapatite & Bernardi 3] *®¢] ¢ s}
ZA 5kgl .
I. %o 4%

i) ey 83 ERELEE 1
fdhe 0. 1M BESR7He 2hEol (pHT7.0)el] 5
B PLP & A A 3ly] 4 %le] sephadex G-25
9] column(1x10cm)al] SEBA At
09mg & 45+ #EHL 3 st Hitachi 139 %

0-*M ¢ PLP&

chal &6,

JeReEES B 1 spectrum & &34 3kl v},

il) Km gte| £X : g-tyrosinase 0,069 unit, P
LP 0.4umol, B%ste] 28 200pmol 3+ 7=
FE4 ek ubgey 4ml &
30°C ol Al 207 wb-&& Algleh 1
Srrebt A pyruvic acid 9] pmol B4 ¥
2] 8l Bt

iii) 20| subunit FFB| =SH : kT
B-tyosinase$l 43 F & EE41¢] phosphorylase b, al-
bumin, ovalbumin, carbonic anhydrase, tryp-
sin inhibitor @ «-lactoalbumin %9 F & =
¢ King-Laemmli #]29¢)) w}2} sodium dodecyl
sulfate(SDS) &4 5}¢] polyacrylamide & KE)
¢ A7 2 REGEL dmsle] Hisgeh

AP DL slab M (1212em) 9] BEE 443}
o] 40mA o4 57k k@A A HEE 10%
glycerin, 109 2-mercaptoethanol, 20mM Tris-
HCI $5-8 (pHT7.9) & 1% SDS ¢ &4 3} 95°C
ol A 587k WA A MM E st o

SHER geld] KL 10% acrylamide, 0.27%
bis-acrylamide, 0.36M Tris-HCl &8 (pH 8.
8%), 0.1% SDS, 0.12% N,N,N’,N’-tetrame-
thyl ethylene diamine, 0.07% ;#7&/ ammonium
olm FEIEA gel 9 HRL
089 bis-acrylamide, 0.125M Tris-HCl <fZod
(pH 6.8), 0.1% SDS, 0.25% N,N,N’,N’-tetra-
SB¥ERE ammo-

L-tyrosine &

u}.,ﬂlé‘; L= “:_

3% acrylamide, (.

methyl ethylene diamine, (.15%
nium & g3k =,

- 193 —



w %
1. %O BN

i) DEAE-sephadex column cromatography:
Escherichia intermedia A-21 & vjekslod 1.8
TAE BEMANZ AJAA 148 F&3zn
HMELR SHWBAZ E4£24 1,560 units F
ek w9l 18.37g/1668ml 8 FEHES S
DEAE-Sephadex column chromatography & &}
A4 oW 2 columnely alAsl FLRYES
9 EHEERS 138 14 AT vhe Ao

2.5

<24 ——QIM-KH, PG, -KoHPQ(PH70)——

l GIM-KC ~
£

g I
=1

3" o4
3 2
c g
3 £
319 €
£ k3
2 \ 08

Lo
&

-

¢ 50 K0 200 g)ﬂ

150
Fraction number(153miitube)

Fig. 1. Chromatography of crude g-tyrosi-
nase on DEAE-Sephadex A-50
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Fig. 2. Chromatography of g-tyrosinase on
hydroxylapatite.
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Table 1. Purification of g-tyrosinase from

Escherichia intermedia A-21.

Step p’fgttgiln Total Sgea—f Yield
(mg) ) Jtiviey, (%)

Cell extract 222,400 2,150{ 0.010{ 100
Ammoniumsulfate| 18,370 1,560/ 0.085 72.6
DEAE-Sephadex 1,038 670 0.645 31.2
Ammonium sulfate 649 553} 0. 852' 25.7
Hydroxylapatite 541 5190 0. 943\ 23.7
Crystallization 194] 363 1.870; 16.9
Recrystallization 179 338 1.890, 15.7
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Fig. 4. Effect of substrate concentration on
BA-tyrosinase activity.
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