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Biochemical Studies on Carboxypeptidase Contained in the
Pyloric Coeca of Mackerel, Scomber Japonicus

Zentaro OOSHIRO

Abstract

It was, at the outset, demonstrated that the precipitate yielded abundantly on the
dialysis of a saline extract of the pyloric coeca of mackerel, Scomber japonicus, show-
ed an enzymatic activity which catalyses both the hydrolysis of chloroacetyl-n-tyro-
sine and the asymmetric hydrolysis of chloroacetyl-pr-phenylalanine. The active
enzymatic principle was assumed to be a carboxypeptidase (CPase).

Zone electrophoresis indicated that a major constituent of the precipitate was
repsonsible for the enzyme activity. The active priciple was separated through a
well arranged employment of the DEAE-cellulose column chromatography, and an
ultracentrifugally homogenous CPase was isolated. The chromatogram obtained
through this procedure was found to be quite different from that obtained from the
bovine pancreatic CPase under the same experimental conditions.

By the purification procedure, the specific activity of the enzyme was increased
as much as 4.3 times. A sedimentation constant (st) of 3.25X10-13 was obtained by
the ultracentrifugation. The molecular weight was calculated to be 23,500, which was
definitely smaller than that of the bovine pancreatic CPase, 34,000. This fact suggests
that these two forms of CPase consist of different types of proteins.

Optimal pH and temperature for the hydrolysis of carbobenzoxyglycyl-L-phenyla-
lanine were found to be 8.0 and 35-40°C respectively. Furthermore, the mackerel
pyloric coeca CPase was ascertained to be a type of metal enzyme.

Effects of various metals on the activity of this enzyme were examined. No effect
was brought about by calcium and magnesium. The activity was inhibited by mang-
anese and zinc as much as 50 per cent, while it was five times activated by cobalt.
On the other hand, the activity was arrested by the chelating agent EDTA. The
enzyme inactivated in this way was reactivated by calcium, magnesium and, parti-
cularly, by cobalt, but not by zinc. The mackerel pyloric coeca CPase differs also in
this respect from the bovine pancreatic CPases, although the substrate specificities of
these two enzymes are identical.

Judging from the way of the asymmetric hydrolysis of chloroacetyl-pr-phenylala-
nine, chloroacetyl-pr-tyrosine, and chloroacetyl-pr-leucine, the pyloric coeca CPases is
assumed to be a type of CPase-A, although it apparently differs from the bovine
pancreatic CPase-A in the nature of the enzyme protein.

Finally, some physico-chemical properties were investigated on both the intact and
the cobalt-treated pyloric coeca CPase. The kinetic constants, such as Michaelis
constant Kp, Vmas, activation energies E4, and the various velocity constants, were
determined in the case of the hydrolysis of carbobenzoxy-glycyl-u-phenylalanine, and
these kinetic constants of the two types of the enzyme were studied comparatively
to elucidate the mechanism of the participation of cobalt ion in the activation of the
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enzyme.

The activation energies, k-1/k1, and ks/ky decreased by treatment of the enzyme
with cobalt ion, together with the corresponding, directly proportional diminution of
K. Judging from these facts, it is postulated that a close combination of cobalt ion
with the active center or the enzyme occurs quite readily to form a favorable struc-
ture of the active site and the stable ES-complex.
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Fig. 1. Calibration curve for mackerel CPase-protein obtained through
the ultraviolet absorption spectrum method.
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Fig. 2. The relationship between the amount of rn-phenylalanine and the
light-absorbance of the developed ninhydrin color.

r-phenylalanine was estimated through the colorimetric ninhydrin
method of Yemm-Cocging.
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Fig. 3. The relationship between the unit of mackerel CPase activity and the
light-absorbance of the developed ninhydrin color of r-phenylalanine
liberated from carbobenzoxy-glycyl-t-phenylalanine by mackerel CPase.

For the assay of unit of CPase activity, n-phenylalanine was estimated
by colorimetric ninhydrin method of Yemm-Cocring.
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Table 1. Scheme of extraction and separation of CPase from
the pyloric coeca of mackerel.

2 Kg. of mackerel pyloric coeca was homogenized
with 4 1. of 10 % NaCl.

r

Homogenate

added 0.1 volume of M/2 CaOAc solution, kept standing overnight,
centrifuged at 4,000 r.p.m.

| ' o |
Precipitate Supernatant

|
 EE— 7fJ dialysed against water for 15-20 hours, centrifuged

Supernatant Precipitate
| ‘dissolved in 100 ml. of 5 9% NaCl, centrifuged
Precipitate Supernatant

dialysed against water overnight, centrifuged

Supernatant Precipitate (partially purified mackerel CPase) 83.5 mg.
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Fig. 4. Apparatus for vertical zone electrophoresis of mackerel CPase preparation.
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RERAEA L CAKTFEEZFAM L - BOEERE S ¥ 7. kE)%ME 300V, 14 mA, 15 &
MEEE L. WEKTERY 7 28BN A—EERE I Lol 220 T
777¥avavyy—End, BEOBH/r <774 —LFAICEHETHH IS, B
L T IR L. BORCEBRHRO—IBC 2 K2 OIEMRE RO SE 8% HIE
Lo ORI Fig. 5 WWiR3Z & {fEMED Peak r BEE D FIITIEA ¥ —3+ 378
¥ 2 DOEEAEBRDARIET 5 & L3R D LR, o THEBRIKLE— Tk Fiok
Bl WERED BT, 7ok Main Peak o FhiEPEIT 585 unit CThho 7-.
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Fig. 5. Vertical zone electrophoreis of partially purified mackerel CPase in Table 1.

Column : 1X60 cm ; starch: celite=5:1.
Electrophoretic and eluting solvent: 0.1 M Carbonate buffer (pH 10.08).
Electrophoretic condition: 300V, 14 mA, 15hrs.
—@—@®— : CPase activity. (0. D. at 570 mz) —(O—O— : Protein. (0. D. at 660 mx)

B3I BEpHOBRLIBE—MHCEITIER

— TR DY — R 2 D HEEIC Lo TRET L LTS THERTNE D THD
M Y — 2 36 5 AT IER I L WIHETE 5. X 2 WHE LT 5 2
LIHESTFERBLAY OB —IGT OWE N TH B E STV 205, BEHED
I3 eESFUEOBECTE W TUL LML L ToBEAEOH—MEELERHLT D
DTIEI . FIZATEANBESRS -7 7 2 r 7 ) VIZEREIRICE SRR L E—
HREHEO—DLEL bR T WD THBDY, LI LOOHFEIC Lo TZHAN DD EH
BB Teo TWB T LM INT B, IKEIFER UE Xk EcE—e ) R
X7 VLT—¥h e 2T IR —Th B2 e HIRs 5T ko TR I e
B c TALLAN™ (1) v 5 — A Dfl S Ec> % Amberlite IRC-50 (XE-64) ik 37 m
< V5T —RRATCENEERSOBREYN TL2 Z L &b LT 5. EAHED
RIS AR AV s m < b 27T 74—k EREOFEENL LB L ST
BB OMLLFOMBEOREICKE { RLo T 3. FHIEAHE O BRI < 6
IR A TR v b B — X A S ATEE MR TR (Table 1) TSI~ 93
HifgE CPase OffifbailAitc. RT3 ABRS FHICILEE B 33882 81
ZENTIERTRD BAID T, AT 3 RIEEL LT 2 B BRICT =4 v &
$afk Tl 5 DEAE—t /L r — X% F\ .

%48 DEAERILO—RXASALICL DY/ HFIE CPase OIFHL

I. A5 L0hRR

DEAE-t v = —=x CK[E Brown #:#l) % 1IN Hpky —5, ZEK, 1IN HEg, T
A DIETHWF L CEME(L L e, 0.02M k) =fEERE (pH 9.0) T Fmciz L
LT 155x20cm D 5 &L 7.

. ERRroRR

Table 1 IZEIR L 72 /55 CH 8L 70 CPase 1= 1M &4 —0.02M ) =& (pH
9.0) 10 ml &% T & X < B L Ll L CARE YA B\ TR 1o iliE % Visking
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77 YFa—TAN, 002M bV =EBHHE 2] I C<T 2Ty 7 AF— 55— F
DIt L EBIENT LT NaCl #kr29 2 & e Bufferize L. 4MNEIT 12 BERRSEHIC
T L BTN & 05U 24 BB BILR5 L 0 LR B . L.

IIL. = i

Tl 22 03 U Tk B vk D VAR AN 8 & b Te.
W T 1 002M r Y = fEMHE (pH 9.0)
T :002M bV = $Efu (pH 9.0)—01M £&HiEik
I :002M bV = iR (pPH 9.0)—1.0 M ffiisk
ZHEOBEBRINTR & D 22 THEEERE LD T,
IV. #5408k
B 7 AR 19°C DOIERE T1T7 - 7o. Bufferize U 7o EE##ERE 30 ml (0.44 mg—

N/ml) %% 7 AICHEARGER LD, 0% 1 Tl 2 EHEE L 1 ml/min & L.
I T T%ETT@Z/}Ebﬁ‘7L‘T LicZ & &R ETROGBEHT & B b ez, HiCHKRC LT
BN Z ST F L. ZofE5T Fig. 6 KR35 Th3.
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Fig. 6. The chromatographic purification of partially purified mackerel
CPase in Table 1 on DEAE-cellulose.

Stepwise elutions were carried out with 0.02 M Tris buffer (1), 0.02 M Tris-0.1 M
NaCl buffer (II) and 0.02M Tris-1.0 M NaCl buffer solution (IIl) (pH 9.0) successi-

vely.
The total recoveries of protein and the eluted activity were 90.6 9% and 100.2 %

respectively.
Column : 1.55>20 cm. —(— Protein-N. —@— CPase activity.

Wt 1 X 2R (Fraction 1) 127\~ CPase {iM:2sigd bivte.  EBET Jot
I CHRHE L 7-X49 (Fraction 2 KXOF 3) i@ dEnESTEENZED Bz, o T CPase
BT THHL TCRAR DG ENT B L E L bivfe. L L TEEEEN O
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1% 90.6 %, aiEtkolElEE 100.2 % Tho i,

Fraction 1 0&EE-N & KOUEEO KB HER O Thic i+ 2 BIE R Em A EIREE 15.0
%, TEHEER 60.3 % Tho T

E5HE BREHERS (Fraction 1) oFsAT ST 74—

FHIC 3\ T8 b L - @Bk X 4> (Fraction 1) ioo&, ¥ I %\ Rechoma-
tography #4717\ FDiER%Y Fig. 7 Rl BHELDBRAUEZORSNIE—THS
rEZILRS.
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Fig. 7. Rechromatography of the fraction 1 in Fig. 6.
Column : 1.55%21 cm. Solvent: 0.02 M Tris buffer solution (pH 9.0).

FEOHE HosHifiE CPase &4 CPase A DILER

WP CPase » 4Rl CPase-A @ DEAE-v Ve —=X3 7 Ak} d 7R < b
25 A BTG O B 217> fo. Bl NEURATH 74T Lo T 3 [EHALE L /o4 CPase-A
w FGEGRD 56 &[RRI 0.02M b ) AEHHC Bufferize L7ci%s 7 a2 230, BT
[EIREAEE T CORH L 7oA B I & B ez TR R T o> 1o, T #i%% Fig. 8 iR+,
EHAG S B S 2570 X 512 3[EIERE LTt CPase A THMNELEE I THHEL TRS
CPase {Eka A L 7s WEEEMNEAET 3728, CPase /oA 5 XIMIAEE LI L Thh
HTHRHENTHKI., ZOE T~y Wi E CPase & 4§ CPase-A 1 3EAH L L
THOLMTIHRZ D TH S LRI,

ET18: 7]

B S LA 2 B 5 e U X R E O W LA 2 it 3 5 7o b DR & Ve
ZEZOHHEI AR, FOE > CPase-A w3 2 & & —&H /e iE =0 0
R & D HhH 3 2 A S P EE O B ST IE DD THE GE XY Tllinho oD
TROM ML Fo. Blby ~HPIIRIC 2 (550 10 % AEEEE Nz TRIckES F—
MCHEER A V> 7 sz CIRER Y 2R XL L CREBRAE. & ORI AT
KB % & CPase % &t EE AL L i TR o fth 0 B (VBT & 3l S Auek 5 FER L
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Fig. 8. Chromatographic behavior of three-times-recrystallized bovine
pancreatic carboxypeptidase A on DEAE-cellulose.
Isolation of crystalline carboxypeptidase A from bovine pancreatic juice was
carried out through Nreurato modified method.
Experimental conditions were the same as those shown in Fig. 6.
: Protein-N. ----: CPase activity.

TR ENHHKI. ZOXSRTLTELRICHEREZ SV > B —v o4 MESYE
TR E UTc it h 7 2% (i~ Zone electrophoresis 247> 7op3dr< 4 SHLL FOE G
HRAPNRETZZ 2R DLRIC. Lo THIC DEAE-tv L r —Xh 5 A2 L 2 8%

AR 7 < V77 7L — 2 F 2 bbb CPase Kya182 & & 3HFI. X i
Db CPase & ¥ SE[aE CPase DIFRLDGE L &L AMRZHETTCre~ b7

574 —HRAMEDOHEHGENEL Bl TWAZ LN WEL EEEE LT Z LD
ThbeFz b,

Fi4E BEOEERCE DY/ WMPIE CPase og—HEop
BREECICDFEDRE

MR O R B OFERE 2 T 3 2 18R Lk, BRkERE, BMEE, se< s 2
74 —ER 1 DOFEREOII T 5.

AWFZETIRERE B X ) ¥ SEfEE CPase D #—ik & it lL, BH—ROTh3 2
ERFER LT BT o ER A L, I OGRS Lo T TRER DT
B1E EEEZHCE IAEEROEHFE™

TR s XIS OB Th 300, [l S OREA X, FEilx ¢, ([
BROMHEEY o 234Ul

ThbbHbINb.
EETIT IR B TS T A I E DR TICE H TE o b, ﬁ@@ﬁ@tlmxﬁ
BALE X1 LW o R AfME xe AHIEST S L, A (4—1) 2FEY
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ko Tk a Z LAHKS.
(4-2) RPRD LI CHBEHET Z LAHK
§—2.303(log x,—log x1)
PRGN
& LTI kb 5 & & IR 2.
B8 EETEERCLDIDPFEOHEHME
HWLHDBED RELLBOCH TR ELIC L TikBEd 20, A UEEZEICLST
RBD 1o DITTENT HE23 5 D & 53 SFHPRRBIC 7n o THF O S M EHIREIC /e B0 2D XD
TPkl 5 D B TR — RIS KA LD & & A% ARCHIBALD™IC L > THIES R T\ 5.
M—_ RT _ dcjdx
A-Vo)w® xc
BL  M:opFi, R 7AZE T b, V: FLE, o0 5% o AHE,
c: FWHOMEE, x: [HiEdL L ) o fEEE
¢k deldx BFERIC Lo TTLROMKDT, (4—4) &b M 2FHT 52 o3
*%.

oo L (TP 0 e dx Y eeerereereseiiiriaeenens _
c=¢co X2 me(dc/dx)dx (4—5)

B1L X, : [ElfEdLC X D meniscus (TH) 2 pHEE
Xy [EEf L & b plateau 1F| 5 FHKEE
Co: FIURME
KR x=x0 LRMLEZ2L

c=cp— J";P (de[AX)dx +overerenreeeesrinerieerennae, (4—6)
W& DRI ¢ AT .
e Ik
o= ﬁ’ (e[ dX)dx +onveeerennseinnieeierinarinens -7

ko TRDBZENHIKS.

AL Xo: [E#EEF.LE D bottom ZH| 3

FIWM EEREER

L hREEH (st)

BUIE S 1
)LVDEZX 1 1.2cm
H & i BE : 25.7°C
iz 3 B 1 59,700 r.p.m. (995 r.p.s.)
s B2 0.02M k) AREREW —0.1M frHiAw (pH 9.0)

LRCO KM THE LR T Fig. 9 WRITmE kg e 8.

RIS R L 5 W R e R L FRICE L QL H—R o bt s =
EDEIS Lo fo. FITIOE—RAOMBEER st kb2 i Lic. HIbRERC
FU TR L fcrkBeX % R 2 51 E U C AU ENIERDTRE 8 2 BTl N7 X 5 i & rER
3 RAEOME (X1, x2) FEUWL TEREHEOEICHELCH 4-3) Ricfi- T
st HEH U GURLD. M2 h S IEE USRI s W TRIBRICHE L a2 1TV 2 DR R A2 [ERE
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6 5 4 3 2 1
Fig. 9. Ultracentrifugal pattern of the purified mackerel CPase (fraction 1 in Fig. 6)
in 0.02M Tris-0.1 M NaCl buffer (pH 9.0) at 59,700 r.p.m. and 25.7°C.

With 10 minutes intervals between exposures (photograph 1 was taken 10 minutes
after the rotation became constant).

Table 2. Determination of sedimentation constant St of mackerel pyloric coeca
CPase by the sedimentation-velocity ultracentrifugation method.

‘ Sample 1 “ Sample 2%
Plate No in Tlg 9 ; 1 5 ‘ 1 5
¢ (minutes) | 5 45 | 5 45
x (cm.) 5.909 6.094 l‘ 5.916 6.096
log x 0.7716 0.7849 | 0.7729 0.7850
»2 X 10-7 3.90 ! 3.83
St X 10138 3.27 ! 8.23
St (mean Value) 3.25 X 10-13

Data of sample 2 were obtained under the similar conditions as in Fig. 9.

To calculate the sedimentation constant of the sample, the following equation is used.
_ In(xy/x1) ~ 2.303(log x2—log x1)

Cw2(te—t) w2(ts—11)
where x; is the boundary position at time #;, X2 is at time 73, and o is the angular

velocity.

WAL T st R L GUBL2). ZFofERa Table 2 1R
CDFEICRT L 5 Iy SEFHTE CPase Oy st 1L 3.25x1078 Cho 7o,
1L ﬁ} F =
e S
NADEZX 1 1.2cm
W R 25.0°C
| Iz 3R 8330.7 rop.s. (19,842 r.p.m.)
" B 0.02M bV RFEEE —0.1M fiauE (pH 9.0)
ERED &M T T A AL S 2T Lo TSR CPase 01 (M) %31
HL 7.
r.p.s.: 3307, »%: 4.31x10%, R: 8.31x107, T: 273.2+25.0, V: 0.750, o: 1.02
WIPEIE co VXA B 2 v & HIU~ 2 O 3Rl B HE U e R 1617 L 7go fo. (fHL
FIfEAR 39.6).
Pl R A A CHE L 7o iy s 8 CPase o4 Faiid 23,500 Th 2 Z &A%,
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HEAL 72

THFLEN DO WD CPase A O FH&ix 34,0009:5:5 » HIEI T 328, BT
% &y EFIEE CPase (XaE I/ & Wi Fiea 42 7o, & Ok procarboxypeptidase
(pro-CPase) 2 b DG LIS I 1) 2 40 & BIfRAa b b, Bukh Z2R0EYE L CHRIFFET
RNEFELE2 5.

FAE ) &

PSR L D L DEAE-tw v —X ) 5 2 ko TRBLL 72 CPase A [©o& i
HOTAE R T8 =t T DILREED DIBE LIICITE—Th 3 & L 2WEE Shit- TR
BIERITR D IR0 EL b5, =D OO pFEER st i3 3.256x10-8 T
%D X ARCHIBALD ¥EIC L » TkdDi-mFHIT 23,500 Tho 1.

EOE HRORRER(CHHIEBENERULEMED
[E 4 =3 U [ ELE D R ED
53 EROH A B I\ TR & 5109 S CPase (3£ DA A+ > K7 v < b2
7 2T LB DR B LIRA EH—R o L BB,
HBLETIC 513 3 BERN B O B0 EUCR 0N REFE AL O Z B 2 T~ T h %
DFEE%A Table 3 1% & 1.

Table 3. Summary of purification procedure for mackerel pyloric coeca CPase.

Yield Repomeny Specific activity
Preparation Total Total . sty
protein-N  activity Prc;em AC%XIW units/mg.-N/min.
] mg  wunits | ~© 2 4
|
1. Partially purified
CPase in Table 1. 13.3 780 100 100 ‘ 58.5
2. Fraction 1 obtained on ‘
DEAE-cellulose column .
shFgmat gDty i 2.0 508 15.0 65.5 254.0
_ Fig.6 1

Table 3 \wiR3Z & <, 2kg. DY AT L b FFEEEIC L - C 183 mg-N fHED
MHEERA R ORIc. 20 bOOmE 585 unit Tho fo. Z%&HIC DE-AE-v1w —
XA 7 AT XK 5 & HWEEREAED 150 % tH¥4D CPase X457 (Fraction
1-tube No. 6~No. 15) 2.0 mg-N 23507, Lo LT Z DXy OEHEBEIERIY 63.5 %
%R UL iEM: T 245 unit Tho fo.

$6% HSWPIE CPase OBESELSMVIE

BERTD S D\~ EIEEEDO Th &L A—Th 32, COEAK L LTOR
M ATER A YIE R b BER O EF OTEIC 3 #E L Hbbh T 3. e bk Hic
YR TITdo i 2 ZEARM 7 AU O I v B R CKIG T b [A Ul
FIT Lo THEES N T3 Z LT BERENZ L ThH 30, [FA—0fERAEZRLThEh
FORFIC Lo TTORRICIIZDDERNLZ 2L bIEH STk Y, TDORRBEE
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BRBEDHEO W TULZ O LR R OMEC I b T W 5. KEELYNIRIRI
TEBRGUCHEEL TV 202 b T OBER & IRkE BRTFLENY) O BESRC I LET O Mg R S h
%. ZOX 5 I RMICLs Ty ~HFIIE CPase OMEEIC DX B 24 MEd & T78- To.
18 BREAOREKREE

FslEEFc o % 0.04 M Carbobenzoxy-glycyl-L-phenylalanine (pH 8.0) ##E > L
TERBIC RS 2GR RET 2 2 LI Lo CERMEAORBEEFEEREIT L. HIbs
WECTRL TR WICHREAE 1oL iU PEL Tk W o BEREm A M i
—0.0004 mg-N/ml) 1ml. %jin% C 10 s &4, 044 M TCA ¥ 1 ml. & fnx Tl
FLUSHAFILE LD S, ZORGHE 1ml IkoX=vr F)YEa%2iT, TOREELY
PlCiEE Eb L, TERAOEBEEEE ARG Lc. £ofEE% Fig. 10 @R3. ZhbA
TR DVEFIZEMIRY 35~40°C Th 2 Z LRI LE oo 1o,

N
5 15 3
1_ -
= \o
o
I~ o
19]
5 0k
a
o
> 050
>
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Temperafure ©C

Fig. 10. A temperature-activity curve of mackerel CPase.

CPase activity was assayed by incubating a mixture of 1 mi. of 0.04 M carbobenzoxy-
glycyl-r-phenylalanine in 0.02 M tris buffer (pH 8.0) and 1 ml of enzyme solution (0.0004
mg.-N/ml.) at various temperatures for 10 minutes. The liberated n-phenylalanine was
measured by colorimetric ninhydrin method of Yrumm-Cockine.

28 BERFHA pH &KFEH

WAHWATE pH @ 0.1 M FEERIEE, b AR, bV = OV RERHREE I W IR L C e
0.04 M Carbobenzoxy-glycyl-1.-phenylalanine EigaiE & LT 37°C 1o\~ CEEFTE
M2 HE L oD pH IR E RN, ThEFOFRRY Fig. 1R L.
PrEEZzEm pH %k 8.0 iz HEx bk,

B3I BEEECRIFETEESAF 0¥

Mno*+, Mg*+, Cot*t Ko Znt* 7o XD L 57 &@A A v ORINc Lo Ch2Hp~7

FF —EREEALT 2 Z LTI L bR O BT B, SMITE® (37 3 /R4
— RO RTF I — KDL L DD FEA A VI Lo THEMCEELEH 5 278
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Fig. 11. A pH-activity curve of mackerel CPase.

CPase activity was assayed by incubating a mixture of 1 ml. of 0.04 M carbobenzoxy-
glycyl--phenylalanine in 0.1 M acetate, phosphate, Tris and carbonate buffer solution
and 1ml. of enzyme solution (0.0004 mg.-N/ml.) at 37°C for 10 minutes. The liberated
r-phenylalanine was measured by colorimetric ninhydrin method of Yemw-Cockixe.

SEBEETHI L HERE AHEEL L. L2 LT SMITH BEBIEEO <7545 —+%
TR W R R EEH (ES-Complex) DEKIC EELSBEA 4~ ARG OB L O
BEEFRLEDOTH S LIRNT 5.

2y < g SEPR IR B 15 s CPase i Cott, Catt, Mg*+, Znt+ ot Mn*+
(T & ALY %inz T Preincubate U7ciRBEREMAME L, BFREHEICIITIZE
GIBA A OFEL RE Lic. £ofER4% Table 4 10779

Table 4. The effect of divalent metal ions on the activiy
of mackerel CPase.

Metal ions ‘ Relative activity (%
control (without metal ion) ‘ 100

Cot+ ‘ 525.0

Cat+ 99.5

Mg++ 97.5

Mnt+ 45.6

Znt+ 56.7

The enzyme activity of mackerel CPase was estimated after being
preincubated with 0.005 M various metal ions for 30 minutes at 25°C.
The final concentration of metal ions in each enzyme-substrate

reaction mixture was 0.001 M.

CORDLY ek 5T Mgtt, Catt XEBEFIGHAC X L FAA &R BE R SRS,
Mn*+, Znt+ (3 b EFEIEESY 50 % BiEIHET 3 - 3o bt —7 Cott iR
ML 7cd O TR LE L S Etkofind 2 & L 23580 b,

BAi BE-EERGRICETD Cott olERER

S SKYFFIE CPase D g K35 Cott B S DR A B89 % = & 1L EERILFEN
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R b hEkh 22 L Tha. @FEA A Y ORBRIEHC ST 2T a b330
EFZEZDBNTWE. FlzIE2 ) > ) v v 2755 —« (Glycylglycinedipeptidase)
i2 X % Glycylglycine O KEISDOEI Cott DIFIETE L < FUSHMEES Sh 3 = &
MEED LN T B0, 2oL Cott » Glycylglycine & Complex #Eh # okt H
TVINT )y PRI FH —¥D attack T HL B LS5 BRICST> T3, i
FimA4vy T3 /7545 —+% (Leucineaminopeptidase) @ L 5= Mn** X3 Mg*+
MNEREA LKA L Complex ZBRL THEMHAL™ 42 X 5 mBES5DOHFb 5.

T ZTEZL Y ~HFIE CPase @ Cottic X 2B A B & hvic 3 3 fo b Dt
wiTo fo. BibEE# e CoCly #iE4A L C—EHf Preincubate L #-7%i1c3/E (Carbob-
enzoxyglycyl-L-phenylalanine) & 5 & €74 (Cot*+-CPase &) &, #/Eic CoCls
%z CRMB—ERHERERBER &« (FA S %G (Cot*-Substrate ) D HE KK
IS D REEE KD, BR—HEAFUERICKITZ Cott OGN A TT. FORER
% Fig. 12 @R+

I v
co* CPase. Substrate’

/of——o“\o

®
= 4wor
:?_. ° 114 9
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¢ 200° 0—° 0 o} °
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Fig. 12. Participation of cobalt ion in the enzyme-substrate reaction.
Relative activities are compared with the value of 100 for intact CPase in the

absence of cobalt ion.

“Cot+-CPase-Substrate” (solid circle): The mixture of 1ml of 0.01M CoCls
solution and 1ml. of CPase solution (0.0004 mg.-N/ml) was preincubated at 25°C.
And then 1 ml. of 0.04 M carbobenzoxy-giycyl-r-phenylalanine in 0.02 M Tris buffer
(pH 8.0) was added and the mixture was incubated at 37°C for 10 minutes.

“Cot+-Substrate-CPase” (open circle): The mixture of 1ml of 0.01M CoCls
solution and 1ml. of 0.04 M carbobenzoxy-glycyl-L-phenylalanine in 0.02 M Tris
buffer (pH 8.0) was preincubated at 25°C. And then, 1 ml. of CPase solution (0.0004
mg.-N/ml.) was added and the mixture was incubated at 37°C for 10 minutes.

Fig. 12 2»BHIG 2 7e L 512 Cott-Substrate & (3 Preincubation 1= X 235D 251y,
TERD BN o to. LxLED Cott-CPase A CITRRRFANICE L\ EEO B InAR 5
, 25C IR\ Tig Y 15 I TIEmEAREEEZ R L Th BE <ML TH Ekossn
D BRI To. Blbo Z sh Cott 1o X 2BEiEEo# AL Cott-CPase (4
) BERTA2ZLCRELDOTHS LE2 bhvic. Cott-Substrate R T¥ Cott 4EK
MDA L X THY 2 (5D THMENFED b B 28 2K EER PG (10 M) e Cot-
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CPase #EH T2 o2 icr3bD B2z b5, oz it Cot*t-Substrate ZRiCk\»
T Preincubation OREOEMIZ) \ bbd—FlE 732 & bR I t.

58 Cott-CPase &R D EEDOHE

Cott |z & ZEEROTEMEALIT LLIRATRED I T b, BITEROEE SR (25°C) Tk
% 10 43¢ Full active [&7¢c 5 Z &EH bR, £ Z THiZ Cot*t-CPase (complex)
TE R BEREA B S35 Hids B Preincubation DR E O EEAFH~7-. Bl 6, 18.5,
29, 37, 50°C ic s\ CHERHE (0.1 M ~m o — ViE@E, pH 8.0) & 0.01M M= <
VbR AR RS Nz T 15 40[H] Preincubate L€ Cot+ 1o J 2 kAL AE TV,
EHIZAGEK CTHE LI 37°C [EiF M 5 ofEE TR L, 2w 37C I FimL T
¥\ 7o 0.02 M Chloracetyl-L-phenylalanine #%5% % bz € 10 2[5 € L&, JEMA
=Ye F) vyEEETHELE. BbohiciEEsb Cott 1o L 2BROATLIEEE 2 EME
I RIETHE LTI, ZT0fERA Table 5 /R L 7-.

Table 5. The effect of preincubation-temperature on the

increase in the activity of mackerel CPase in-
duced by cobalt ion.

Preincubation temperature (°C) ' Activity (0. D. at 570 mu)

6 0.578
18.5 0.758
29 ‘ 0.717
37 | 0.702
50 0.695

without Cot+ 0.225

Preincubation was carried out by incubating a mixture of equal
volumes of enzyme solution of 0.1 M veronal buffer (pH 8.0) and
0.01 M CoCls for 15 minutes.

CHTH B2 e & 5 ICHTAERR A% 18.5~50°C DA iim i O i35\ FEEER TR M O B
RPWBEo T, 2D Enb Cott-CPase JEFICIXHZR 2 1 fn7s s tb a5 2 5 2 &8
WETE L EE2 bivte. —7F 6°C Tt 185 C i bl U CHlpL b Ml 77 L T 528,
< 6°C Tk 15 9fH Cott L Th Co**-CPase DEMNTER S H-> TiE
ML IREEC B S o e DEELBRA.

268 Ethylendiaminetetracetate (EDTA) JLIE|C k B2kF&L Cott, Mghtt, Catt

RO Zott 2k BEMEEE

3, <H4FRFE CPase % Co** L iUFE$ 3 L FOEEETEMEAINT © b A iind 2 HE 5
COBERTTHRICEEBA A Y20 THL2 LEELL. —RICZD LX) e BER
TFv— ERFITH S EDTA CTUFE$ 2 &0 THDOEE 2D i 505 b E GRS
T2540TH5B.

Z ZTHe oy NP CPase Dy FHICEE A G Tk ifEd 5728 EDTA T
L COEEOZE TR~ MbERK (04mg-N/ml) wHED 01M EDTA s
Mz 0°C OkAKH) WL € —EFlfE#ks 238 L CEflo EDTA o787
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Fig. 13. Cessation of enzyme activity of mackerel CPase incubated with EDTA at 0°C.

The incubated mixture consisted of equal volumes of enzyme solution (0.4 mg.-N/ml.)
and 0.1 M EDTA solution. In the assay of the CPase activity, the EDTA-treated enzyme
preparation was dialysed against water to remove the excess free EDTA.

znt [

Mg |

Ca ]

1 -
=
100 300
Relative activity

Fig. 14. Reactivation of the EDTA-treated inactive mackerel CPases by the
effect of various divalent metal ions.

The CPase activity was measured after preincubation with 10-2M metal ions.
1: intact enzyme; E; treated with EDTA; Co*+, Cat+, Mg++, Zn++ : Pretreated
with EDTA for 5 days and treated with the respective kinds of metal ions.
PEAHIE L CEEFIE A HE L CERIEHc Jug 3 EDTA of8E2 1L b1, ZOREER
1T Fig. 13 o4n< EDTA MBI L R2CIEEMETL, 1HT5%, 2 HET 65 %,
5 A CHRA LFERITRELIC. O &b I OBRTIIEHRCHEREBREENRT
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WA EAMEE IR

WICZD L 5 LT RIESIEECEREA A v 2L T OiEEnEE I 5085
hEi L. Bib T EDTA T LIcENT L GERO EDTA wfra L iEto
Te NI S L 5o Mgtt, Catr, Cott Jor Zn*t (i d Hifbh) ©#% 0.01M
B A L T 1265 6~8C ¥ L, TORAMRF OREFIE 2 HIE L OE e
FBEEA & Y OBREA TN, FOMIE Fig. 14 R <, Co** i% intact 7¢
EEZOFEED 3.7 %, Mgt 12 0.95 %, Cat* (I L1{%x s b ALACIEEEELFED L
hic. LosUL/ED Zntt 3R bhisino fo. 2O X 5P EDORREA A+ > 53
BERTEMEIC RS LS 2 FH IR DO B2 L 2HTH 2.

BTE HoSHPIE CPase OILEISREM

I. Carbobenzoxyglycyl-L-phenylalanine D& 5

CPase A il 314 Cdp % Carbobenzoxyglycyl-L-phenylalanine D&% KD
1 f778> fz. SHEEHAN®) (3 1955 FIHEAR L LTSy 7 manF I BN RS A4 I F
(Dicyclohexylcarbodiimide) % 7> A7 3 VKO T 3 /=AF D F P T Fr7
v (Tetrahydrofuran) #HEICINL TR TT Y VT Fy F=RATAEERT S
EICEIIL TS,

RlCO—NHCIHCOOH+H2NCIHCOOR4+<~>—N~C:N_<_>
Ro R

ey R1—CONHCIHCONHCHCOOR4~|-<

l
R R

DT 2 BOFN s DFEETEEALT 205 T < XEUSA KM D 5 b IKFE
FEATEBABCRE RIS R Dicoic fECRELELZNLEND T L7
Fv FORPEGTHERICEDNE LRI EIiEd> Tnd. KPR ZoHFECID
O-benzyl-pL-Serine ZHHL T, ZDO~NTFv FEKEZFTL 80~90 % D RIEF/CIET
Bo o LG L, REDMED TRMD S 2 O KMDO L 2 Mk TH S Z L DT 5.

Zy RH:A FiC Carbobenzoxyglycyl-L-phenylalanine % & L 7-.

A. ALEKEXRDYF5 Y (Carbobenzoxyglycine) D&
C¢H;CH:0COCI+NH,CH,COOH
— CeHsCH0CONHCH.COOH +HC1

X —CO—NH—
O—NH—CO—NH—_ >

. RERE
TV, ANKERYIFTIrrSAF, Bty —4
) v ITHEMBEE Y D AT LI, AARRY Y F s r T A Pk RY Y OFEHRE
P30 feDTHIR CRELER KKD O b= g (30 % i) %KD b=y uH
£LTHW.
2. B MF
300ml KRz s=x= s ) vy 18.2g (0176 =1) &b, Zic AN Hky —5
VAR 45 ml Rz IR L OKKFRTRDGE (0~2°C), kicilic 0C I FH Lic 4N #f
My —2 9ml, NTHLRRYy Y F>7r54F 6ml #liKkz Cern oy v THho
—LlcT 2 CHERLTHL <R DBEERTE KRR 20 TR 2. #9 10 94460
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SCHRVERIAR A R OB >~ — &RUﬁWﬁ«Vf#V&D74F%M%T%ﬁbﬁm*ﬁ
FOG# L5, ZOBFEX%3E GH5ED HRL TR FME LD 5. 60 RIS
(pH 6.7) % 6N i< pH 45~40 KT B L AL KRRy Y+ 2 ) vy R L TR S
23D 2 % — IRV T O B E LR B

3E#EE

ATRC ORGSR 7 7 moab 4 100 ml iz TR Lo, ZE2 ST 5 & fESvE s
b, mp. 120°C.

4. 1 g
32.0g TULR 86.7 % Tho 7-.

B. L-7x= =75 AFILT AR5 ILEEELYE (L-phenylalaninemethylester - HCI) & 5
NHzCIHCOOH +HCI-HC1-NH.CHCOOH

I
(?HZ C'Hz
@ Q@
N/ N/
HC1-NH,CHCOOH+CH3;0H—HC1- NHzCIHCOOCHs+ H:0
(l:Hz C|H2
@ @
N\ N/
1. T ERE
AFNTNa— (JEK), L= =—VT F =y
2. BB E

L-7x=—T7 5=y 40g A2 /—N 50ml CFEL, Zhk—REOFERT
HBHIT 5. ZWCHIRERR S A2 U TR Lo 3 (120 HIER), F= X7 {ba 5k
L& % 1cdfy 5 RS Eda a2l CERT 5. FUNMRRE T TA 2/ — N NOHRE Y
ABREEL CEiET 2 & LD RALNENbZE2KET 5L L-v= =—VT 5=V
AF N = AT VIR O SHRFE ST HIT 5.

3 FH #E &

ATAC O AE ST 50 ml DOERER =7 % iz CTHMRAEMR LIS L TR be Lo i,

4. 13 =

43.0 g TUE 82.4 % Tl 1-.

5. -7 == T 5o AFIITRTFIERE L Y BT RS IILOTRE

— T I S BROWEE = A F VIS T A b S F Y UL E ) ~— I L S0
THBEDIETRIFL, 75y FOEGRITKOM MR L Clff= =51 & Lic. Blib
L-7x =— V7 7=V AFLVeAF VIEBIEICHRET vEe=TH A% A7 v vk
VAR AR IR B EHALT vy BER L T 20 b2 Bl EE L
Tr7meRV A {ET 5RO =A7 A0 bR 5 (E 70.0 %).

C. AILERRYFIFYIIL-L-Tz==IT 5= (Carbobenzoxyglycyl-L-phenyl-
alanine) D&
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ANERySFv 7))y 00BM71g, L-7z =—LVT 5=y i5r=x7 )L 0.06 M
105g, S r7a~FTAALKRSALIF 004M 826g KL A+F¥ ¥ 30ml, 15m],
10ml ML = D NEC iz TLIBET 2L 50 THLMCRIGHRD bIRFEFH YA
RN LIA» 5. ZEERIC—ENEL, FKERR 05 ml 2inx CTHEIC 1 RRIE L Toe
SAREY R T 5. BONICEE (SAFy YRR A IEERER=F v 2Nz T
NTFy F2AFARERT . ZONBR=FVERE THRRHCBL, ZEK, 1IN i
®, 4% B RBY — 5/ EH BCEHAKDIETICHBL TEKRRIED L-7x =—ALT 5 =
YAFNEARFNVREANRRY S0 ) vy aRET S CONM=FVEREYRE
LTH = V2 BAET B L HIRD AVRRY Y F ) S L-Tx = LT T =y AF
NZRFANRNEBLNE. ZICAs/—b 50ml Mz C=AFVEEBEMLTHL 2N R
By — 5% 50ml iz CL<BRML, ERTIRHMKEL C=2x7r2t+3. #%
BMELBELT RKHBHD A5/ —VaEELT 6N Hifwinz < pH % 50 cHH+ 22
ANKERY S F 7)o N-1-7x =— VT 5 =vOREITHTE. ZOHERYHOE
=V CHIRAEM L CARFHE L, W2 ER CRLCHAT % L5335, mp. 125
~126°C. UL 75.0 % Tho 7o,

II.. H/3df98E CPase [C ) D Carbobenzoxyglycyl-L-phenylalanine @k fiZ#E

CPase A D#ABIHIE TH 3 Carbobenzoxyglycyl-L-phenylalanine & x¢3-2% ¥4 ,<
K9 CPase DML N——27r=< 2774 — &% VT OBAERY 2 [FEST 3
Z i h#Et L. Elh Casbobenzoxyglycyl-L-phenylalanine @ 6 N #HES K 4 #%
W & BEFR AR A AL No. 51 v n-7" 2/ —v « KEef « K (4:1:1) %ER
WL LT ERBICL D 15em BEAL KR, BELATR2CEKKRELT25% =L F)
vy—K8FT 4 — VB EE L TnEEEE LS. FRCRMLCZ Y v v RO L-
7z =—AT7Z7=vO spot & HIKFEELK. Fig. 15 RF0#ERELRT. KX HE5H
7ok 51z 6N HEEIMKDEX ST RE EL D2 ) oy K L-7z2 == T 5=
ERLTWBZ LR DONICH, BRERIME D TiE = F ) v 2EMENVERER 5 B
THREMECGELTWT, Fic 1282 i 4BEERAIRTH Loz =— LT 5=y
D spot DELAMPKRHI A, 27V v D spot (ZEEDbRIo fo. XERDZ L Tikdh
%73 Carbobenzoxy-glycyl-L-phenylalanine {Z=> v F ) vic k h BEEETR> TH-
ORI ERED )V Y XL b7 =— VT 5=V EETHRVHETHE L e
THEBH I v fe.

Ll EDEEHEE) S = DEE#EIL Carbobenzoxyglycyl-L-phenylalanine (=g L T

Carbobenzoxyglycyl-L-phenylalanine —
Carbobenzoxyglycine+L-phenylalanine
DU BVRFZVEKRIT I /BOZEIMAKGRL 1-7= ==V T 7 =& e LD 3
A% Carbobenzoxyglycine {Zxf L Tk & EFH L7\ Z E BB A & 70 h Z 0 S Tl ek
8 CPase IRl ME 2R -

IOL  ZEESRME

CPase 1CB#T23H% 0.1 M ~Ne i — L BEK (pH 8.0) AL T 0.04 M R
LU THWE. B 0.04 M HERK 1 ml CEFHRAEK (0.00165 mg-N/ml) 1ml %z
T 10 ESE L 044 MTCA B 1ml #inx CTRISEZEIE L CEEERC L b i
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Fig. 15. Paper chromatogram of the reaction-products resulting from the incubation
of carbobenzoxy-glycyl-t-phenylalanine with mackerel CPase.

1: Glycine.
2: r-Phenylalanine.
3: Mackerel CPase control.
4: Carbobenzoxy-glycyl-r-phenylalanine.
5: Reaction products after 5hours of incubation with mackerel CPase at 37°C.
6: Reaction products after 12hours of incubation with mackerel CPase at 37°C.
7: Reaction products after 24hours of incubation with mackerel CPase at 37°C.
8: Hydrolyzate of carbobenzoxy-glycyl-r-phenylalanine with 6N HCI at 110°C for

20 hours.

Solvent system: BuOH: AcOH : Hy0—=4:1:1.
Detection: 2.5 % ninhydrin in n-BuOH saturated with water was sprayed.

Table 6. The action of mackerel CPase on various types of
substrates (37°C).

Substrate ‘ Relative rate
Carbobenzoxy-glycyl-L-phenylalanine 10,000
Chloroacetyl-r-phenylalanine } 4,470
Chloroacetyl-pr-phenylalanine | 4,470
Chloroacetyl-L-tyrosine ‘ 3,820
Carbobenzoxy-glycyl-n-leucine ‘ 5,600
Chloroacetyl-glycyl-r-leucine 2,200
Acetyl-pr-tryptophan 102
Chloroacetyl-pr.-methionine 134
Acetyl-pu-methionine 0.5
Chloroacetyl-r-glutamic acid 7.9
e-Benzoyl-a-acetyl-pr-lysine 1.5
Carbobenzoxy-glycyl-t-phenylalanineamide i 0
Glycyl-v-leucine 0

Glycyl-glycine | 0

The relative rates were compared with the standard value of
10,000 for Carbobenzoxy-glycyl-t-phenylalanine.



K s VN TRE S VR v RTF L — I T AR 137

BEL7c7 S /A =ve F) Yy REBRCLVERLL. FEEEXTXTrA > HEEL
TEHL 1o, B O Ik RS Carbobenzoxyglycyl-L-phenenylalanine
Drge 10,000 & LIcHHETRI Uic. (B UMK S Uy S ENIARHT SOGHE H] % 58
HER L CHMERHIE L AR B L CFR L. #5R% Table 6 wrd8
hTh5b.

I\ TCHEICEE T R E Ly S MPAE CPase RFERT I /BRU v A > DT >V
S kE L AMTE oL ThA Y. NEA—T7 I /BTH 7> VIOMEEIC L DERC
BAKIBVEFNC 2 L\ EER L B & i bhvic. flx 1Y Chloroacetyl-DL-methionine
1. Acetyl-DL-methionine @ FL% 250 {5 & D X TARFAfEE 7. X Carbobenzoxy-
glycyl-L-phenylalanine % #2127k %+ % A3 Carbobenzoxyglycyl-L-phenylalani-
neamide ICIT 4 S VERI L7\ & & SIS & 7o fo. T Carbobenzoxyglycyl-L-leucine
B ML HIE A K9 3 2% Glyceyl-L-leucine [id &< FHL s\ Z & bbbl Z
SLOEBRBEEND ZOBEREORE L L TR hVEF VEDUERRICFEEL T 3/ HRILE
HEDIREETo\ & & 2L BT 7e CPase DB RIEA/R$ 2 L R I L.

B8E TI/moiESE

T I /B OIENENC ST ABREOBR TV AT IR L Mbh Tk, NEU-
BERG', GREENSTEIN 5% DfffZ¢h3% 5 .

EEIADRO X 51 <pefiFE CPase »3 Chloroacetyl-L-tyrosine IZfEfiL CTEh &
ML D LT Ry Y RS B LR R L o0y, HIC AR @ Chloroacetyl-DL-
phenylalanine & 33 2 /EfIZ BB 1S3 2 BB DRD X 5 s it 2 4778= 7o Bl
0.1 M Chloroacetyl-pL-phenylalanine %3 (pH 8.0) 1 ml 1@EEzyE (0.017 mg-N/ml)
1ml %fnx € 37°C TSI VLD MR DI,

R

o

“

£ 50r o o)
g o—

13} /
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Fig. 16. Asymmetric hydrolysis of chloroacetyl-pr-phenylalanine by mackerel CPase.

The reaction was made at pH 8.0 and 37°C. The reaction mixture was composed
of equal volumes of 0.1 M chloroacetyl-pi.-phenylalanine in 0.1 M veronal buffer and
enzyme solution (0.017 mg.-N/ml).

Fo#EEE Fig. 16 oih Th b, # 60 49 CRF AL T R mid o ®s L
feo to. T BAREEFIL Chloroacetyl-pL-phenylalanine [ZfEAL T
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Chloroacetyl-pL-phenylalanine
1 = &
Chloroacetyl-p-phenylalanine
+ 0.5 =
L-phenylalanine
+ 0.5 =
Monochloracetic acid
0.5 =

o< 1 =1 d Chloroacetyl-pL-phenylalanine 1 H 051D L-7x =— LT 5 =+
RSB bDOTHS L wRDI. MO L7 =—T 5 =Y LR Th B
LN AT e 7o EBRCABEFR Y Chloroacetyl-L-phenylalanine IcfEf L T2 & 554
ICAKIBL CENEFEND L-7x =— VT 5 =VBRHERT B EMBEELL. FRIKC
AR OB R FNE 225 S FHEL T ¥~ P CPase 1345 (DL) 73 /B D 5 Bikc
L-7zx2=—=VT7J=, FRYY, )T 77 v, r4>yELhRICHIET 25
MR -7 I/ REB/ZOIBELOBD L E D

BIE /) ¥

DEAE-% v m —Z7 7 &% v C B LR LAICIE — L B b h e Bfic o7
D EERACEE M A P~

L pH 80 iR\ CEERIEADRBEKGF A MR L 35~40C 1o VEf © BERE S 2
Z L wmERdT.

. 37°C CEEFRIEM D pH K122 F~Z pH 23 8.0 MHhEICEIET 5 & L AT 7e.

0L BERERCRIETEBA A v OFBCOEREF L. Catt KoY Mg+t 13564 &
R 527000, Mot Bor Zntt (2T diEM Y 50 % BIAMLET 2 & L 3B LA
fo. =77 Cot* meyRinlic b DIXFE L < iEEE N L RO XD 5 f5HE R L.

V. zoX 5 Cott PFImC & - TEERTE OB NS 2 & L Ic 0 & R4 KRET L 7o iR,
Co*t L EEF L % Preincubate 32 X Wi & HiciE el 15 9 CREEICEZEL F0
BT Lo\ 2 2 hvbdo fo. TR DB OERDOB AL Cott-CPase (HAH) %
EXT2ZLHNZDTHELE2LNS.

V. Co**-CPase DRI 2IMEDHE A FWIHEE, 185C~50C TIRREDE
WEBERIE ML Ko oo TR Cot*-CPase JERKICIT R 3 25 R Fi7e % 5 %
LBENRB B LEZ bR,

VL. 0°C © EDTA 42 L, ZMT22/LiIcdo K D LRIESE B LR
oo ZOLS L THRLNITE-RD W EE#REL B EDTA 2FBHAE L TERWT b,
BERVAIR & F Ao Mg™t, Cat?, Znt+, Cott (fifh & Hifth) D% 0.01M B % iz
T6~8C 1T T 12FMRTF L CRIEMZ T L CZESBA + v 1T & 3EEEDIEMEIH5)
RaEf L. Cott (3 intact 7nEEROEM:D 3.7 f%, Mgt* 1k 0.954%, Ca** i3 1.1
B Lo DL ACIEE EE T 5 2 L 2R bivie. Zntt IEEREY R I Ide foid s
D EILRERD 4P CPase & Bifco T 3.

VIL  ki© v -~ 493 CPase o FERiHRMEC 2 X Mt L7z, 455 Carbobenzoxy-
glycyl-L-phenylalanine #J3Wg & 42 IR 1L -7 = =— V7 5 = v % #5952 Carbo-
benzoxyglycine IZ3 L TEELEALL WZ L& R—S—2 < 2574 —IC X D EE
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YL, IKWCHEO S ERIVEIC O T kbt ik O W 5% Carbobenzoxyglycyl-
L-phenylalanme LTI Uy, L L CZ DRI AL T 2 /8, nAv> D7
S VERMAE & L KR LT X Carbobenzoxyglycyl-L-phenylalanine % #{7sIC 0K 5
##4- %73 Carbobenzoxyglycyl-L-phenylalanineamide 113584 &4 < ERIET, b5
Carbobenzoxyglycyl-L-leucine % HlHgH-Lh V2K #4528 Glycyl-L-leucine 12it4:
SHERUIho fo. BlLEDZ 2B 2 OFEROIVE & LT H VR ¥ 2 v Il /7
LT 3 /L T /o2 X 2WAZET, Sy 7; CPase DR LA U L 5 7ok
B AR o NERE I

VIIL. %> ofE#L Chloroacetyl-DL-phenylalanine 735 L-7x =— L7 7 =¥ D&

B EEE X, o TT I /RO ENC SRR S & & DT,

BTE H/SHPIE CPase @ Co 4 F[CkBEMLHEIC
B8 3~ B B iR B R R AT

3 FUGEEVED FRAH D 1235 D kR & L C 0 RS B it a 13, s SUG o0 3 Mg
FFl 2 DRF O EED B b AR E T T O UCEIEAHEE T2 DT BHE
DIFFE LMD CHEERHIH TS 5.

Y] AEEE CPase - BEFEEET505, Zic Cott & lnx T Pirencubate 3
BENEMEMZE L 95 & LEBRCIRNCl D Th 3. o VICZ DEEROTEMALIC T
3 Cott OHE|Z GBI 5 1O RISHEMNRN 21778y, BbhiciEEHn:b Cotr
IC & B WAL O A A 3

185 Michaelis ®8 (K,.) ORES

B3 S & SRR L D BR A E BHNCE > oDt MICHAELIS & MENTEN®
b D, #iC VANSLYKE & CULLEN™ |2 Lo CThuit & fhie. MIKRFIC L 5 &, —MCiER
ELHES L23i—H ES 7t 2B E—HEGHEEECERY P & 7s b BEREER R T 2
LxhTnB. B

E+S- Ky S N — 2 T - e (7—1)

N /~1
e BERNE 2 bR, 2 AT kT xD@ERREDOHEFEKTH 5.
L@ﬁ;iv:mo TG D EH KR (d[ESJ/dt 0 fxéM B) 1T d\ Tk ZUE AL [(S)

,szEjLSJ
Kn+(S)

=
7o ABAREARE B .

(7—2) ¥ Michaelis-Menten-Briggs-lHaldane® " o= &\~ \, K, % Michaelis
FIEFT 5. Kn 1% (koit+ka) [k 7 NBED S D508, koik: 752 L ZTRD Kn=
k_i/ki &7t 0 ES offieik (K) w—E72%. [S)BADKE S HEHELTXT ES D
Tigo TW5B & SRUGHEBITRA LD, RHEY ViThLE

VmKg[E] oorenersnnrersssnaressorsnasonsansonsnnnee (7—3)
Z b, PUGHE v & FEHEE (S] L ORMIKD (T—4) XTEHLINB
ZVIS) e Tt
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Kon= (S]( ) .................................... (7—5)

L85 Kn  VII—EThY, ZOHFBERIIELZNEMR % £ U ERKCEHEI N3~
HHIHARDOTE TH B. Mo TZh b Ku KOV wkD B = LT IHME T 5 0 REET 5 37
b, ROM(T=5) XEZEELT v & [S) DMFEER 7 ry b 432 LI ko Tk 1o,
(7—-5) XeZE+2 &

e T T T ——— (7—6)

v [S] 4
Lileh, 1/v % 1/[S) kL7 ry + (Lineweaver-Burk Plot*®) -3 » EiEAE S
, ERROARNE Kn/V Y Ui EOER 22 2h Fh 1)V RO —1/K, %42
DTEZ0D Kn &V &EsRDdI.
X (7=5) RERDOL S CEETBEC L HHKS.

,[?:LVM +~%[S] ................................. (7T—7)

TRED Sy & (Sl T7ry b (Hofstee plot™) 42 & [F U < BRAE SR,
EARDAENE 1/V il EOEH 1L Kn/V KO —Kn CHST2D0OTCZE Ky & V &
ki,

FIeX (7T-5) KEROLICERTBZL b Hﬂ%.

=V—-K,— [S] .................................... (7—8)

ZED v & v/[S) ML T ry b (Augustinsson plot®™ ) -2 1 [FIREEAEAVE S
M, EMOARL —Kn 78 ) WO IR L V KO V/Kn CHYST 3D TEZ 0 Kn
LV k.

B8 BERRIDEBITS 370 OBRE 2 H o S B3 2 255 o B R0 00,

102)

WER S Michaelis O (7—1) CHIIHKZ. LaL T Michaelis @k (ES-
complex) ITIZFIZRNCT A TIEHAL S N ARIEDE F 1 TU TR WS, EEICIL RS O 4T
WL complex DIEMALAWAEETH B, BIBEEHEE L WE SOfEEIC k> € ES-complex
MBS 4 2 @R B\ CHpEE M E & ¢ (transitory activated complex) ES* %% 2
T DB TCRIORTRAE B 2 2 LE N b 5.

E4S+—ES*=——2ES = ccrrrvetrrrsivosvnceres (7—9)

CD L5 IR UG HETRC I W C BB O PRNEERENTFET 2 2 Lk X h
%L ZHTH BT ONTO BRI G e EET 5 2 L 3o CHREECS 2.
FHHEL Y ~HPIE CPase 12T Cot*-CPase 230 7c 3 ISR AR L, X =
ED X5 IeBREABT 50% Cott HEML 7\ CPase O SER Y ik 42 = 210 -
DHIBDONREBTH 5000, KD XS CIGHEL S D & LT k B L. Bib
E+Co*tt— “E.Co

E-Co+Sc %

(7-10) Kic o COME T (Ks=k-1/k) 1%
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=[S]< Jvi_l> ................................. (7—11)
IOVEHETE, ERSEHEER ki
— 1 4o LSJe >
k=1 log s 20 (7-12)

Lokdbhz.

il O ol t= G (min), [Slo= S D)L
(Pl =M 1 It B BUGAE R O Ve

5 3.
Sk 2 O ERRD HEEARL, V—ho[E)eeseeree (7-3) %EEL T
|4
Trsms iR e R R B 713
=k (7-13)
Kb ke k, Kp=fortke_g K "2 REFLT
1
— ICZ ------------------------------------ —_
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Fig. 17. The production of r-phenylalanine by mackerel CPase as a function of
the reaction time in various initial concentrations of carbobenzoxy-
glycyl-t-phenylalanine.

The reactions were performed at 37°C, pH 8.0.
“CPase ”: intact mackerel CPase. “Co*+-CPase”: cobalt-activated mackerel CPase.
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Fig. 18. The reaction velocity of mackerel CPase as a function of the substrate
concentrations in the case of the hydrolysis of carbobenzoxyglycyl-r-
phenylalanine at various temperatures.

“CPase ”: intact makerel CPase. *“Cot++-CPase”: cobalt-activated mackerel CPase.
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pH 8.0 »Ff # 2 > Carbobenzoxy-L-phenylalanine k& /% & L € 5, 157, 25°,37°C
DB I\ T 3~ KWy E CPase (LIF “CPase” & i19) & Cott & Preincubate
L Full active & L 7= ~K4['§HE CPase (LL'F Co**-CPase” & #4) #fEfA& ¥,
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Fig. 19-a. Determinations of Km and V values in the hydrolysis of carbobenzoxy-
glycyl-t-phenylalanine by mackerel CPase.

A: Lineweaver-Burk plot. B: Hofstee plot. C: Augustinsson plot.
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Fig. 19-b. Determinations of Km and V values with carbobenzoxyglycyl-
r-phenylalanine of cobalt-activated mackerel CPase.

A: Lineweaver-Burk plot. B: Hofstee plot. C: Augustinsson plot.
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FE R [S] L oBfR% Fig. 18 1R

MXAC LS5 3D 7 my b& Fig. 19 a, b I R4 40< 47 7 » T “CPase” K8
“Cott-CPase” I X 26D Ky FOX V &k,

FoFERA Table 7 /R
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BIMEIC KT 5 “CPase” Kur “Cott-CPase” [coXxkad ki, ki, ke FO° K,
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Table 7. Km and V values of mackerel CPase measured on the hydrolysis of
Carbobenzoxy gly cyl L-phenylalanine at various temperatures

& CPase ” ’ “ Co++ CPEse ”
Temperature, e
C) Km <103 Vv Km><103
‘(mole/l ) (mole of Phe /mole enz. /sec ) (mole/l ) (mole of Phe. /mole enz. /sec )
5 i 1.85 2.57 0.72 10.09
15 211 4.95 0.97 15.05
25 285 10.09 | 101 21.82
s | 419 16.18 ‘ 1.38 32.48
“CPase ”: intact mackerel CPase. “ Cot+-CPase”: cobalt-activated mackerel CPase.

Table 8. The summary of kinetic constants in the hydrolysis of carbobenzoxy-
glycyl-r-phenylalanine by mackerel CPase (intact and cobalt-activated)
at various temperatures (pH 8.0).

Temperature k1X10-10 k=1x10~7  kox10-5 Ksx103 K .4x10-3
°C (mole/l.)—l(l/sec.) (l/see ) (1/sec.) (mole/l ) (mole/l )
| 5 ‘ 0.06 0.08 2.84 137 0.73
15 0.19 0.36 5.47 1.83 0.55
“CPuase”
25 0.59 1.56 11.17 2.66 0.38
37 1.02 411 17.92 4.01 0.25
‘ 5 5.1 310  55.82 0.61 1.64
15 13.9 12.61 83.14 0.91 1.10
“Cot+-CPase”
i 25 40.2 39.43 120.55 0.98 1.02
| 37 1 89.8 122.1 179.45 1.36 0.73
“CPase”: intact mackerel CPase. “Cot++-CPase ”: cobalt activated mackerel CPase.

T Ky DfExHEL I-fEHE% Table 8 1.

. EnoEH Ty — E ORE (Arrhenius plot)

Table 7 =7k L7z “ CPase” JoN “Co**+-CPase” IZ k A& REIc Ikl 5 Carboben-
zoxyglycyl-L-phenylalanine D fnAK RGO V & s, log V& 1/T B L Arrhenius
plot #477¢o 1oitRad Fig. 20 10”4 R4 & 5 e UG 5~37°C @%LEHV\]TU:
B WEBLR, Foakh “CPase” @ E,;=10.87 K Cal/mole, “ Co*+-CPase”
E =634 K Cal/mole 23kdb . TR THLNRL 51T “CottCPase” @ E4 (L
“CPase” @ 1/2 FEETH 5.

EHE JELTICER

FSHFEE CPase 23 Cott 12 L= CiEMAL I NAEH D EER 2 e+ 5 & 13Tk
DIEYH T B3, DB KT 2 SUGKET & I % 70 ORI R & T\ TRUGH BRI
fat Uie. BB R —IE S0 ~ﬂ%tﬁi

!S-k_ = ES

IR \NT Cott MREYD X SIS RICES LT RAE A KD 5 7% Michaelis 7 Ky,
SIS R V, RS ki, k-1, ke J20° ES-complex O fi#ikER K, ES complex

ke

E+P
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Fig. 20. Arrhenius diagrams of mackerel CPase drawn on the hydrolysis
of carbobenzoxy-glycyl-t-phenylalanine.

“CPase”: intact mackerel CPase. “Co**-CPase”: cobalt-activated mackerel CPase.

OFFER Ky o Arrhenius OFFHAL= 20— Ey ZHIEL, ThEOBMEENIC
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32.48 T “Co*+-CPase” AuEic kX . wic ES Complex JER DB k 13
mEOLfMIC X B3 “Cott-CPase” 1% “CPase” @ 90 5% RL T\z. L2sLEKE ES
complex 7 E+S ~REET 2 SUSER k-1 & 7oK W32 OHE1 30 (581 Th 5.

INFHOHEEL “CottCPase” 12wt ES complex JEFK DA ES complex
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D 10~15 5 TH D ES v P ~DPMERHRLITIES & L 2R L T 5. BILEDIHEET
FUSINEZTIE B 12T, R b=F v —23 “Cot+-CPase” T/ &\ HEHHE L —
BLTC3.

Kn 23 “Cott-CPase” IZR T/ WHHE LTROENEL BB, Bln Cott ik
CPase & &L C ES-complex DR A L, Ka 23K & v b iR E 7z ES
complex 2FACTEKENE Z LiTies. K h3 “CPase” Ofy 1/3 T/I&<, ki/ks: %
FRANE T L% “CPase” 1Kkl “ Cot+-CPase” AUNE\s Knl(koi+ks) [k} %3 %
BIRALIZ. DDz &b Cot [IBERISAR b AT 5 fodic B /e BEk
DI LOREER BT 2 DT RiLh, £OfEHR ES-complex JEK K ES complex
3 Product ~OBTERET 2D EFE 2 b

HEE & B
AN TH N B AU TN TABME TH 2 BRIC Lo THXHIh T, 4
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FEAIEAN T OFEARM 7o BCEDUSE SFE W b TEFRMEMCEZ FTHRUKIGTHD
FICEFRIC Lo TS LTV 5.

Loy UESBER OB EMNE L Cho T EDIFET 2%, I L » TehZho
FERIECITZDoERNRE 2 2 L bIEH SR TR 0, TOFRNAEAEMEEO AR LTI
DY IR E OFIECIE DTS KEEYNT R R AR TR BRI R LT B s
B DEEFR S IRE LSRN L U A TEEAET 5 2 L M HEE S B

FEFLZO L) e IR AL NS o CHRIEOEE R —Y S E CPase—IC B3 5
W R AT IR DFE R B H BT L. '
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% AT Zone electrophoresis #47o 7273, MfbOBEEAE K ORENHD BTz, K
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Xr 0.02M b ) REHEREAZFNT I < 27 74 —BITWEEORWE %8 20
RPCDOEH I v~ 27 74 —®{To ILRRZOEDIEI—TEB LE L bR, &
DOEERIAEE O Gy 58.5 unit, » 7 AT RiBLL cX 40 kKL 254 unit #R L.
My CPase 7 r~ 27 74 —EBE L T CPase D 7 m< 2574 —3
[AIRF i U et Fig. 8 W/R73- X 5 IO GAE R L - Tl L EAEH L LTS
INCHED & DT B HIVHHL 7.
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M1 Z ONFHEER ORI Lo THH S uTorbFE e s 1k 3.256x 10718 ©h b Xk
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THAB LB/ WEE 52 7.

. DEAE—-zl m — X% Rl TR U 5 LI i — & 380 BB R R o &
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HEFIERC T TRIEA 4 v OB DI MET Ui, Ca't, Mgt 13544 L s
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L < BRIETEA R L DTN R D 5 (550 E R L o
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bDTH>dZ &% LT, “Co**-CPase” OJEIL Preincubate -2 1IC L b i
h, 185~50°C TIRREDE 4 UclE# ((‘Cott-CPase ™) OiF PRI T3 5 @3
Rtz o T “Cott-CPase” DIERITITHR B 15BN tha 5 %2 2 BB S 5
Z L HRDIC.

X% 0C Ikk\\WT EDTA T T LA T2 o emLiCRAICKIFEIR B L
AHKRZ. &5 LTERLRITEE D I\ WEERIE 2D EDTA 2 BH L TBRELE L DI
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7= DRENEBER IS 7 I VBONESENC L FIRERS = L 2D,

IV. ¥ spgfiME CPase 723 Co** » Preincubate 2= 12k b3 L < EHL 33 =
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k] N kz N
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k_i/k)), ES complex D#{FuEkk Kia(1/Ks) I Arrhenius OEHAL =315 — E, &
HIEL, ZHFEMEMOBIRND Cott 1ok 2 MROE(LEM L Rom HERHLE. BHb
Cot*+-CPase IZR\\T Km VNI WNWZ & RO V B3R E {EMAL= 2 v F =23/ &z &
hb#Ez A E, Cott [T CPase rfi& 1L T Cot*-CPase ¢7cbh, Zod Cot*-CPase 23
LS L TR ES complex #JERT 4725, Z OEOFfHY ES complex fAlic-Sh
HHAE» THLHIT ES complex WJEF I NFEIRIZ ES 2B P ~O RS (RAE I L5 D
Thb. CHEFEORFIRERVEIZZERLZLZ 2005, D EDZ &h5 Cott
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