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ASCRM T LR REMETMAEHDIR. MY TEFEROR/D, RURBHER, HO¥EE
BRI RS ERRELEHEMBEBRMABEENEZER. FHSRERENET NI(D)5 -
apo—CA B RE MBSM RIS E MBI, 7 25C. pHTATH, kpgmyca N 14.0 1+ mol'sec”™, #
ZF Zn () —CA BB FEE/D 10° 5. Cd(I)-CA ARSI hEN—RRE, RARMEESE, £
WIEFWBRMANEET, WET Cd (0) -CA £ HEHREE R YA o—phen KA N 1.96 /1
2.92x 10™*mol « 1™ B 43 5% 137.1 f1 114.6 1+ mol'sec™. X—BFEiRR TR LY RO BEHEAEH N —
AEEHWRMEEEMAN. MRARANFERAKEETRSREEEEN L3 T1%#, itﬂ%’zﬂ‘]ﬂi
W

XRiA:  HRRAS EMEREM LRI NE

% BR B &% (carbonic anhydrase,CA,E.C42. 1. 1. ) RWHI MO HARPHN SHEBE, FE
HELLIRN CO, MI/KE R NMBRERI B KR Y. FEikSh, BEEBEAS LN B RESE
B} W (para—nitrophenyl acetate, p~NPA)RI KA 0, XHE B AN CRBREFAISHEN FTEY
.

Zn(IB TR CA BREBUABHELRT LN, REAEEPL Y. Zn (1) BFTU
BHMB—HERE TN, XUERETFSMEANRAMERMELERKNER @ & Zn
(I1). Co(IN )5 BiMERMAT M (apo—CAE R E BRI K N h1% © MBI, FBIAMZ
WEHL. AXRTRRMBHLALESBERBOEENSBREMERENXE, THET
ERBELNGYE. FRASBERENZET Ni (1) 55 apo—CA JEBLE& BB R 3
FHBREH, FHRETNARMESEPR Cd (1) —CA £BEHE ML BR M) /1%,

x W
. SARLEAE 44 M EREE B BF A (Bovine Carbonic Anhydrase, BCA, 4 {Lig ),
WE EEEATRRER, RE#—-H6k FEE ©), HeAFYHSHE (AR).
- FRAZWRUEEFKEHN. FRANGE-CCL, XA BELLRET. FiARESmMYL
EDTA BHALE, UEERBETFRE. BEERKEREHEMRBOE (eppum=57x10°1-
mol~'sec™), 7E H A= 8y Mt UV-240 %5017 WA HHBET LT,
Apo—CA fi5l#%& BCA100mg, #TF 6ml pH5.09, 0.010mol « 1"} 48JEH #k—0.10mol - 1" Z

7

A TF19904FE105 158 l&ﬁl.
FEFEHERX RPN EELBASTIEE.
« TREE R L A (L BR.
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B #(phen—acetate)® FHF, 4, 000rpm B0 20 405h. LMK TFENE P, £ 4C FTRE
BHEN, SRBXER BB (phen—acetate). — /55 E pH7.50. 0.010mol -
['tris—0.10mol « I"KCl E MWW P EN, SRBMHEL—RERB (HHRRE. BOB
£). HEN 2po-CARBETABEFHRENERT. KBRELHE. HBERME 1Y
1.3%.

EENME 13.6mg p-NPA(Gmmol « ')A T 1.0ml jIHE, EREFAIEHMPE, EHTF 25ml
(BrtRedl). 72 1.0cm M, A 1.0mlp~NPA, 2.0m1 0.02mol « 1 'tris—HCI(pH7.5)28 rp
W, MEa5meER apo—CA, CA, M (1) —CA. ERWIBEE =44 N7 ST UV-240
HOh ] WA N B L WE7E 348nm BN A, AL, HATEHREDRRREHITE .
M(O) ~-CAMEHME HAM apo—CAERER 2.0x 10*mol - 1", 4 5l B
5041 apo—CA, A& Zn(XI). Co(I). Mn(II). Ni(II). Cu(ll). Cd(I)ZE£ R
F, RHEBRESENEX LSRR BREHEERENEE Zn()EHBEREME KK

Ni(II). C&I1)-CA BIHEERHE N FiF apo—CA FIEKE 7.5x 10°mol - I"'. ¥—EH
(1.0m1) apo—CA F1 0.1mol * I"'pH7.47tris—-HCl Z HKIB 4, FHEAER N sml, 25C1E
B, MASTEH NiZ's, Cd¥, FERPSBEFEREN 1.02x10*mol - II'(AAR 7). &
N R R, IMASR Zo™ B EHEE 1, UBRERNER T apo—CA B (BM Zn™*
BB M1)-CA F#), #MWRHEREH.

# R M W it

—M(I)-CA K)iEHEFER
F 1 apo—CA 1 M(II)-CA RIFENELEE
Table 1 Comparison of Activities of apo—CA and M(II)—-CA°

species esterase relative esterase esterase activity . relative activity
M(II)-CA activity activity(%) after adding Zn?* after adding Zn**(%)

apo—CA 0.006 13 0447
Zn(II )-CA 0.477 100
Co(II)-CA 0.464 97.5
Mn(II )-CA 0.011 2.2 0.255 53.5
Cu(I)-CA 0.017 38 0.022 4.6
Ni(II)-CA 0.004 0.9 0.396 83.0

" Cd(I)-CA 0.001 ~0 0.010 2.1

* enzyme aclivity was calculated by monitoring the absorption (A,,) at 45,3 nm with the reaction l\\ime of 2 minutes

Apo—CA 1 M(I1 )-CA HIRERIE LR AR 1, H Ay XA t BIZRKINE 1. Co
(1 )-CA 1 Zn(II )-CA HAAXHEPEN 97.5%. FH Co(I)EMKMAEFME + Zn(I HBFER
#. {E&, U Mn(Il). Ni(II), Cu(Il). CAIHEFRANEREHLRBERBAIRAEERREHE
K. HB Ma(). Ni(I1)-CA F &R 77 # Zo™ HH AT ERE HKE: W Cu
(I). CA(II)-CA & RA FARMEHE Zo BR. BMA Co™. Cu™. Mn" S LRHERE
RIS ARABANR Y Zo™—8i 7, BENRALFFAMEER S EIINRALEE
FEFREN. HYRFIENEEFEBEREAYAEER. ROLBERE. UARE
THRERFMAZLHERE P . FHMERBETFE apo-CA BRRAYH RO XN I1¥H
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BRE2D . &RBLRKMETEEE NI 1gk(pHS. SYFK B B F i FRB Kb pH 2/
&A—#, Wi Zn(I )-CA F1 Co(II)-CA HEHBHEE CO, K& MBEKFMIE M L1
Zhb. XRAHT Zo(IHA Co(IBFHABRME FEE (0.744), BWEHEN THRNEE
RAHE, MMENXENNFER. SHMR. N(DEFRES apo—CA £ & Ni(TI
F-CA M $RENS Zo(l). CAIHEY, BhTFREHRHL0EE HERDNER
SR EPE/NEE. FHilk, Zn(D)EEHEH Ni(1)-CA i Ni(IEF, FRIMRE%EK
B, —HAETFORRERER. XEVELRMNERLE S, 2RETFSRERKNE
Bo¥, TEREMESE EERTEKNER @ .
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Fig.1 Activities of CA and its mctal derivatives
system:1.0ml p—NPA + 2.0m] pH7.5 tris—HCl + 50 ul apo—CA(2.0 X 10™*mol - ™
(1) adding 25 u1 0.05mol « 1"'Zn?*; (2) adding 25 ul 0.05mol - 1"'Co?*;
(3) adding 25 41 0.05mol - 1"'Mn?*; (4) adding 25 41 0.05mol - 1"'Ni?;
(5) adding 25 41 0.05mo! - 1"'Cd?; ‘

Three minutes later, 25 4l 0.05mol - 1"'Zn?* was added to the mixtures respectively in (3), (4), (5).
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Table2 Stability Constants and Kinetics Data of Metal Derivative Enzymes

species logK(l » mol™) k™) k(1 + mol's™") notes
ZnBCA 9.9(5.0) 1.0 x 107%(5.0) 1.5 10* (7.0) pHvalue
12.0(7.0) in bracket
CoBCA 6.0(5.0) 1.2x107%(5.0) 7.2(5.0)
81(7.5)
MnBCA 3.3(5.9) 1.1x107%6.3) 9.0(6.3)
3.3%107%7.8) 56(7.8)
CuHCAB 11.6(5.5) :
NiHCAB 9.5(5.5)
CJdHCAB 9.2(5.5)
HgHCAB 21.5(5.5)
Z. Ni(Il). C4(I)-CA MIERRNBIHZFE 5.0 £

Ni(II). Cd(II)5 apo~CA HMELAWHERE
BEESE, HRETUMBEE TS

440
apo—CA TH#:, BN L& BKBEANAER 3_-::
BhE . XHF Ni(IT)-CA & R R W) % "ol
HlE, TRAMTER:
M?* + apo—CA —ki» M(I)-CA(K% ) 2-% 600 1200 1800 2400
(ﬂﬁ) ﬁ t/sec :
+Zn*
B2 Ni*5 apo—CA JER Ni(II)-CA
B acadEs) O Bl— SR g 7 iR
EE b @ E[apo—C A]z B B n Za?t E[apo—C A]o Fig.2 Pseudo—first order kinetics of formation
R, X an+ﬁﬁ M(II )-CA T 7] 2 K. of Ni(Il )—CA from Ni** and apo—CA,
M MR, BTRAS-RRNAE, INi¥], = .02 107mol - I,
KM BB 1E R B 3 ke 8 M(I1)-CA FE [apa—CAly=1.50x 10™mol - I
Jia ¥ B Kb, = 1.42% 107%scc™!

d[M (I )}-CAl},/ dt=k{M**][apo—CA],= k,[apo—CA},
B WE apo-CA Wk, WEREREF RS MR apo—CA ¥ E[apo—CA],. REITFI
Jif: . .

~In(K—K..) = ky,t—In[apo—CA],
Heh K #RRMFLF apo—CA FEMA Za™ BIOTEHE.

BA—In(K,—K. )X BT[] t fEERICIN G 2), SR RMBRBE ko ATTEE L k.

FE 25C, pH7.47 0, WMET Ni (II) —CA £ B ERBEH kniyca N 140 1¢
mol™sec™, b Zn(T )~CA 4 BUAY 8 3 3K (kg yca = 1.5 % 104 + mol™'sec™)/h 10° i
-5 Mn(II)—CA M REREHABHEY 7.

CA(II)B F4 apo-CA £ REBRENESY, RNEH MR, BEREHAMA Zn*
M7 B E R AR R P apo—CA MW E, TRME Cd(I1)-CA MAERERKE. ATHRA
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AW 1, 10-483EB % (o—phenalthroline, o—phen)E7E& 4T, FIH o—phen 5 apo—CA &
SRALBIBPH Ca™, WH apo-CA 55 CA(IBFHRY, KET Cd*'5 apo—CA BRH
SYHRNER, LRGREW, & 25C, pH747, o—phen RESHIH 1.96x 107" mol -
I, 2.92x 10™*mol « 1! #f, - Cd**5 apo—CA FEM CA(I1)-CA MR HE B kicarnyca 7510
137.1 # 114.6 1+ mol'sec”’. BB, BE#H o—phen WEM K, keynyca BHZ TR, 4
A, 3 Zn(T)-CA 1 CA(T1)-CA WAEREBEE, A TEMBY kegnyca HRBERE
. EX—3HERHRA—MUEIESE TR EPENFHER M EE FHR SSETH
F, ERETHBAN. REINEYEPHEBRMEN (metallothioneins, MT), F|AF R
MESBEASHHRZAGBEEN, UR CdZn~MT BRAFCLBEREF, BHRE
‘apo—CA MEBJ1. RUXRR/IG FRAFEREMR S FRTUABHNEELS R
R EEE.
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METAL SUBSTITUTED CARBONIC ANHYDRASE AND
THEIR FORMATION KINETICS

Huang Zhongxian Hu Hongyu
(Department of Chemistry, Fudan University, Shanghai, 200433)

The activities of Co(1I ), Mn(11 ), Ni(TI ), Cu(Il ) and Cd(1I ) metal substituted carbonic
anhydrases(CA) have been studied. The results indicate that the crucial factors manipulating the
enzyme activit:y are the metal ionic radius, the coincidence of coordination geometry, the
thermodynamic stability constants of metal jons with apo—CA and the ligand (especially the
water molecule) exchange kinetics on metal ions. The formation rate constant of Ni(1I )—CA has
been spectrophotometrically measured by a metai substitution reaction. Undcr the conditions of
25C and pH 7.57 the k¢ winy-ca=14.0 1 mol”sec™ which is about 10° times slower than the
formation rate constant of Zn(Il )-CA. Cadmium ion forming Cd(1l )—CA with apo—CA has
rather fast kinetics. Usually, it is difficult to determine the rate constant. Here, the apparent rate
constants of Cd(TT )-CA formation in the presence of competitive ligand such as
o—phenanthroline has been successfully estimated. With different condition of o—phen at 1.96
and 2.92x 10"mpl + 17 the rate constants of Cd(T] )-CA formation, 137.1 and 1146 1-
mol'sec™! have been obtained respectively. The studies remind us that the oxicity of cadmium
is the results of the inactivation of essential zinc—containing metallocnzymes. The chelating
agents function as a scavenger of toxic material cadmium by inhibiting the formation of Cd

(T )~enzyme.
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