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ANKFIRTFST—+ A (CPase-A) IZEBZRFFFD
C-XKig7 3 /ERECH D AR

I M, EHO®, REE ETY, BT R

G oROBERRTF FDOT7 3 /BEIIAREE N-FK#H 58T % Edman %% DABITC
FENLCERINTUVLSH CRigA 7 2 /BB S A RET 3 Carboxypeptidase (CPase)
FEOERAFREEAL, pHI/OELD C-RBBEHDT I /VBESIRE AL THl-.
CPase-A @ g$H5 0 &t DBERRIGE F N % Michaelis-Menten & (M-M =) %3
2L, XVaAYERVTHRAILTE. [SI=2£ERBE, Km=3IHTYXEH, Vo (gmol/
min) =R K CPase-A ;EMfE, C- K7 I /BIC& 3 CPase-A HXHEMFRE KN4 %
NRIA—=F— LTHERALE. SOEFLERVAHTLEERICERTO CPase-A (24 3
TI/EBEREERTABEE LTHEELA. E¥ BE/ 0L CPase-A EDREICE -
THEINZ7I /BB FTAMEORICELIV—HrE5N:. /-, OFEEEEA
E/OECICCALEBR, C-REBHEBO7 I /BESAEICEVDAFEREAB I AR
L. (ERL 347 H 5 BERA)

Analysis of the Amino Acid Sequence in the C-Terminal Region of
Peptides by Carboxypeptidase-A (CPase-A)

Kazuko Doi, Satoshi Ueda, Keiko Harano* and Teruo Harano**

Although both the Edman method and the DABITC method are well-known
procedures for amino acid sequencing of the N-terminal of proteins and peptides, the
CPase method, which is an analytical method for amino acid sequencing of the C-
terminal of the substrate, is considered to be most useful for structural analysis of
the C-terminal region. In the present study, we adapted this method to an analysis
of the C-terminal region of the g-globin chain. A CPase-A reaction model between
B-globin, which was based on the Michaelis-Menten equation, was constructed with
a personal computer. Four parameters were prepared, namely, S (substrate
concentration), Km(Michaelis’ constant), Vpgax(umol/min, maximum CPase-A
activity), and K (relative activity factors of CPase-A according to C-terminal amino
acids) . The estimated amino acid values released from the C-terminal position of the
substrate at the various period of times corresponded well to the actual analyzed
values in the normal B*-globin chain. Application of this method to the structural
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analysis of abnormal hemoglobins having a 8-globin chain anomaly demonstrated it

to be a useful technique for amino acid sequencing of the C-terminal region of §-

globin chain.
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ZUNTHRRTF D C-KRIHEBDT £/
FEECS DFENTIC CPase ¥ED2 D315 T 508,
N-KE7 S VBOWTETHL 7 2=V FF
7 32— bk (Edman B) Y R 4-Y A F VT
IT7IRYEYy-4- AV FF YT A — &
(DABITC ¥k) ¥ VEfk T % 1% &R 2 BR
FEE R TuRwn., i, i) KIGCH
VWA BEROME —EME I X 2B OHE,
i) C-Ki7 3 /E~D CPase DRIGHEDER,
iii) 78/ EatetORBRE BRI L i
Bty 2 MET S BOSTRHIEORHE, iv)
BEOEMS, & SRR T REMESNE -
Il Th»S5. Lol, SHTREBMEDOR
EFREBNBEBCAF-FEATES LSRR, #
B7 2 VBAONEEORR ITON, 2%
nEMRE NV Fra vy a—F —DOHBEIC X
D, BEROEEREM L ZORIGI & DT
273 /BEOEHRFALITZELI1TE-
7.

4 [E A 1& Michaelis-Menten R # &1z, g
Sk CPase-A DRIGETIVERAILT,
C-KRIHFER D 7 & / BESIOWRELRHALD L &
bz, C-oRMEBIC Y & /VBEBRERFOREY
FroEr 07 S BESIORECIGHL 7.

B HE

1. ANVKRFYRTFF—¥ A (CPase-A) :
HANVEARFIYRTF Y —YA-DFP (16.3 mg
Prot./ml, 53 unit/mg Prot. (pH 7.5, 25°C) ;
Sigma) 27z, HERARTCABERZ TR
BERCHARL, LEEEMA. Lrl, K

RIGE3TPCTITo 12728, BERIEME IIERRE
DI AFEE LTEEL .

2. BVRY) AREEE 200 mM N-x7)v
ENKRY —FEEE (pH 8.5) K.

3. R7F ROHEE . b b ORIMEKH» 5 H7
BINEREE—7 2 b CUEL, Jut sy
Bl ZoZutrk®8 MRF—V VBT +Y
v NEFE (pH 6.75 5 Na A A4 YA - 5mM
—35 mM) ZEH® L L CM-2va—2A4 7
AT NTTT7 4=}, o, g OE
YEHY, 77 7vavavyy—THRLT.
&7 u v RFEH - Sephadex G25 7 A THE
L, RFFFEE L.

4 . CPase-A ODEERKIC - BRI /- p#HT
o 2.1 mg (133 nmol) #0.01N-NaOH 0.7
ml &, FARY VAEEHRK 0.7 ml BN IEREL
7z, DWTTFHEINERE, Yoty ! CPase-A=
100 : 1 (BVER) 1275 & 512 CPase-A B %
Mz, 3STCIHRL: (o r ORMKBRE :
94.5 nmol/ml). —EKIG (1,2, 3, 4 K
%) BRAE I RIS » 5 200 1 2 E D, 15% R
VAR FOVEBIEIE 100 wl 2N KGR E LS
7>, @l (3000 rpm, 5min) U, _EiF 100 gl
REHBE®ET 3 BoET (BB A-
5500) % FV, RT3 B ERD 2.

5. HEEEY I VBIEEROE [ IEE grMES 0
v d B146His & B143His X 4 B¥E D CPase-
ARGTREWERT 2D TET I/ BEREL
KOEFE I X His 4HTE (nmol/ml) D1/2% %
HICLTHE L.

6. Cpase-A DRZF RN T 57 I /B
WG 7 v OES | KE X Michaelis -
Menten RICEDT EK T A—F — L UTIAEE
FEME Viax, STV AESH : Km, HER
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Table 1. Relative activity factors affected by the C-terminal and C2 position amino
acids of the substrate used for released amino acid estimation with CPase-A
enzymatic reaction
CHRIRB O CHRIREL i
C- ¥ (Lt C 2 frfR# C- XK ig St C 2 fiiff#k
yoom | EEREE gy | Tm | RS ko)
Phe 1.0 3 . Asn 0.015 1
L 1.0 3 B Yo 0007 1
Leu 0.3 1 . Gly 0.0025 1
Val 0.3 1 gﬁ“ Asp | 0.0025 0.2
T @ Ala 0.3 0.9 Glu 0.0001 0.2
His 0.1 1
Gln 0.1 1 FE53E  Pro 0 0
a) Relative CPase-A activity factors as phenylalanine 1.0, if presented at the C-
terminal (C1) position of the substrate.
b) Relative CPase-A activity factors, if the amino acid presented at the C 2 position
of the substrate.
CPase-A activities were calculated with equation 1.
CPase-A activity (v) =added CPase-A unit XK 1 XK 2 ---:eeee (1)
unit = gmol/min
ES] 2O0FD LS RREL . ¢
;-
Michaelis—Menten % : 2 %, N
— Vmax X [S] B m-2 20 @ Jo *"f‘
y=—max Lol 5 s <
[S]+Km m (o)
| @ A\\
1) [S]:CPase-A i C-kKi7 ‘ 1 8‘e:9 10 “a
m- 9 aad
S VERE LT Pro, Arg b D7 = N /Al %
FREZEHALEWS g7 a , ® YD v %}*
(m-1), (a=1) (=17 n
T3 f126Pro TR G X2 1k ¥ 2 m e ' &
. s> < 72.9 81 16.2 1.8 ; 0.9
(B127Val THBHZDT I /B btk “ o N “ m N ' AN

BLIZ{ wWEEZbND). ZONKIG

Fig. 1. Schema of various aspects of the substrate and its

BWRICBWTEE L LTO C-KRin7
I BOBERIIED 30, 2EHR
EoZizw. $5bb [S]=%
BYRETHS.

2) Kmf# : CPase-A X3 %
Km [EIZEEBEIC LI VERLDH S .9 ZOH
EEBRTIEKm=0.81mM =EFHL .

3) Vnax : CPase-A O R FSHE 1 C-H B
EHICHLT S B L > THERRT S99 )
T, C-Kif& D n-fIDO7 2 VEIC L % CPase-
ADBRKEEME [ (Vi) o= (CPase-A),=
pumol/min] ZRD L I ZHEL .

(Vimax)n= (CPase-A) n=uXKl1, XK2,y

u . +437% Phe ZEE DL T TD CPase-A WEHEAHE
K1, K2 : tHE M ER S

concentrations by the CPase-A enzymatic reaction
Smna - each aspect of the substrate concentration (sb. conc.)
Ymn - each aspect of the released amino acid concentration
¢~ Rest sb. conc.,
«—Released amino acid conc,

N Newly produced sb. conc.

FERHEMEEAR S (K1,K2) 137 F ¥ D C-3Kig
7I/BOEE, KmE, EERBECT I B
SOREREZD LICLTaryEa—FiIck3y
T alb—¥a YETOHETE L7 (Table 1) . K1,
K2 iZZheh C KIghi £ 7213 CEREIDE 2 A1
7 3 BWBELE LTSS D CPase-A ORI EH:
BERT. ZhoDFER»S C-RiFL D nfillz
M3 27 3V BOEMEE I [S]=0.0954
mmol/]l THFLIzE &, RO LIS XEESND.
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Table 2. Amino acid ratio (mol/mol) of the analytic and
estimated values of normal g*-globin, when hydrolyz-
ed by CPase-A

C-Ki CPA 1 KKt CPA 4 KKt S=75.7nmol/ml, S:E=80.1:1
7B a) | 5t b) | FHEIE ¢ | 44 | PRIk Enzyme reacted with substrate at pHS.5,
His (2) 2.0 2.0 2.0 | 2.0 37C o
Tyr (2) 1.9 1.9 2.0 1.9 a) Structural numbers of the amino acids
Lys (2) 1'1 1'1 2'0 1'9 in the C-terminal region of B*-globin
ASIIS (6) 3'2 3'4 5'5 5.8 b) Amino acid ratio of the analytic values
a : : : : of normal B*-globin on the basis of
Leu (1) 0.7 1.0 1.0 1.0 C-terminal amino acid (His)
Asn (1) 0.6 0.9 0.9 1.0 ¢) Amino acid ratio of the estimated values
Val (3) 1.3 1.5 2.6 2.9 of normal B*-globin on the basis of C-
Gly (1) 0.5 0.3 1.0 1.0 terminal amino acid (His)
Gln (2) 0.9 0.3 1.9 1.8
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Fig. 2. Amino acid ratio (mol/mol) of the analytic and estimated values of C-terminal normal g*-
globins, when hydrolyzed by CPase-A
S=94.5nmol/ml, S:E=100: 1, Enzyme reacted with substrates at pH 8.5, 37°C
———  Mean amino acid ratio of the analytic values on the basis of C-terminal amino acid (His)
—+— : Amino acid ratio of the estimated values on the basis of C-terminal amino acid (His)
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Fig. 3. Amino acid ratio (mol/mol) of the analytic and estimated values of C-terminal normal g*-

globins, when hydrolyzed by CPase-A

S=94.5nmol/ml, S: E=100: 1, Enzyme reacted with substrates at pH8.5, 37°C :
———  Mean amino acid ratio of the analytic values on the basis of C-terminal amino acid (His)
— +— ! Amino acid ratio of the estimated values on the basis of C-terminal amino acid (His)

(CPase-A), X [S]
[S]+Km
BRERRICEIGCTH LI ERT 2X7F FOE
ER C-KICHNS 7 2 BOBEEIEILTS.
RIG BRI ETTT % & L TRGERK %
Figure 1 \Z>RUEIEAT 2. m REOKIGD L &,
C-HKi & D nfiz07 3 /Be% C-Ki7 3 Bk
T BRTF R OWED SnaTHoT2L %, CPase-
ARE VBT 27 3V BEOERE Yo, 30X

DRI TRENS.

Yiun = Vi X Spn/0.0945+-+- F1)
ZORDFD Sy i Em BH XD 1 EHT (m-1B¢
H) OEBERTF FBE (Sm-na) B & U CPase-
AWCE27 S BEHERE (Yo ven), (Ym_n)

Vo= = (CPase-A),%0.105

HLCEDERSh, ROR2 TREND.

Smn = Ym-u,m-10TS@m-0a =Y m-pa= (ﬁ 2)
ZOR1, R2poBBCBY 2HHET I/

BEBLIUEHBEEOEERT- 7.

] e

SEEEATF ¥ L L TR LIRS f 7
D C-FKim Aﬁﬁ@7 /@bi—l:nﬂ@i?f‘%

125 126 130 131 132

% . Pro-Val- Gln Ala Ala Tyr-GIn-Lys-

133 134 135 136 137 138 139 140 141

Val-Val-Ala-Gly-Val-Ala-Asn-Ala-Leu-
142 143 144 145 146
Ala-His-Lys-Tyr-His ‘
C-Ki# (8146) His 2> B125Pro % 721 ,6’126

Val £ T CPase-A WL DJERT 3/ BEHSHREX
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Table 3. Amino acid ratio of the analytic and estimated values of g-Mito globin, when
hydrolyzed by CPase-A
C-Kti CPA 1 K CPA 4 RIS
7I/BE Q) [Exgp) (2% 0 [FR1[FR2e| ER | B¥ [FW1 | THE2
His (2) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Tyr (2) 1.9 1.8 1.9 * 1.0 2.0 1.9 1.9 *1.1
Glu (1) - - 0.1 0.0 - * 0.2 0.3 0.1
Ala (6) 3.2 *0.3 0.3 * 3.2 5.5 * 1.4 1.3 v 4.2
Leu (2) 0.7 * 0.2 0.1 *1.0 1.0 * 0.4 0.3 * 1.0
Asn (1) 0.6 * - 0.1 % 0.9 0.9 * 0.2 0.3 * 1.0
Val (3) 1.3 * 0.2 0.1 * 1.6 2.6 * 0.9 0.7 ¥ 2.9
Gly (1) 0.5 * - 0.0 * 0.4 1.0 * (.2 0.2 *1.0
Lys (1) 11 | % - | 0.0 | ®#1.0| 2.0 | *0.3| 0.2 | «1.0
Gln (2) 0.9 * - 0.0 0.0 1.9 0.2 0.3 0.2
S=110.4nmol/ml, S : E=104.2 : 1, Enzyme reacted with the substrate at pH8.5, 37°C
a) Structural numbers of the amino acids in the C-terminal region of g-Mito globin
b) Amino acid ratio of the analytic values of nomal B*-globin on the basis of C-
terminal amino acid (His)
¢) Amino acid ratio of the analytic values of 8-Mito globin on the basis of C-terminal
amino acid (His)
d) The amino acid ratio 1 of the estimated values of 8 144Lys—Glu substituted globin
on the basis of C-terminal amino acid (His)
e) The amino acid ratio 2 of the estimated values of 8 132Lys—Glu substituted globin
on the basis of C-terminal amino acid (His)
*: The amino acid ratio of the analytic values of g-Mito globin, differed from that of
normal B*-globin
+:The amino acid ratio 2 of the estimated values of £ 132 Lys—Glu substituted
globin, differed from that of analytic values of g-Mito globin
ha. 1HEE ARBRcB Y 2087 S VBE BUZOMELFEEL 3L w—EHsaonT

(mol tbXR) % Table 212, 72, &7 I JBOD
1~ 4 BRR GRS BT 2 EREDOEH %15
Bz oWwTHlEL 7z (Figs. 2, 3). 1, 4K
KRG DOHEII £ % mol HE3RB LU CPase-A
FIGE T WV EDW I EEFHEILLR 2 50# L 7z
(Table 2). FERREE SITHELZHEL TAH S
LETOT /BB 4R CRELHEHL S iE
HELTw2 E3vnEE, FHIERTICLS
HRIGEWEE LBz, 2D CPase-A D
RIS T 4 FHEM ETRIB TSR T % 2
LERRLTBY, ERERIGCOT S Bt
BRAET 2L > T 2 BES 2 H#EH
THILEDNARETH LI EERBL TV, Z
noDOFREREICLTET I /BD CPase-A IZ
W9 B IEMERE (K1 K2) %3 (Table 1),
BRIGKRRICBIT 27 S VBEOTHES2EE
L7z (Table 2). 1ERB X O 4 KR IGERIC

w5,

ZOIEE A7 0N DOWTO CPase-A K
RO REE2HEID 2 12D B Hb (Hb
Mito [8144Lys — Glu], Hb Yamagata [5132
Lys — Asn]) ~DJGHA %3 A7, Tables 3, 4
2 BAOSHTE L D E R LTz, Hb Mito D%
& (Table 3) 1Kff#B X O 4 B IG T OO
1% His, Tyr DEZERERKELERANLONS.
Lys QA & C-REEBIZ A 5 1720 Glu DH
BRI TH D, B132% 7213 f144Lys D Glu
NDBBBTFEENSE. ZOBEE D &ICTFH
EE2EHTLERFOTFH /2T FH2 DX
212k, FHI1 S EE S w—Bzsiz. L
» L, Hb Yamagata ®5#7f# (Table 4) » &
X Lys > Asn DEHIIFEDSNDEHDOD B132F
7213 BLA4DBHRNIE OHERIIRE TH -7z, Z
#ix Hb Mito i A 515 CPase-A O RILED



Table 4. Amino acid ratio of the analytic and estimated of values f-Yamagata globin,
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when hydrolyzed by CPase-A

C-R¥i CPA 1 RrIRIE CPA 4 IFHIRIE
TI/BE) a) |EE D) |RE o [FH1ID|FH2e)| EE | B¥ | FH1 | FHI2
His (2) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Tyr (2) 1.9 1.8 1.3 1.2 2.0 1.8 1.9 1.9
Lys (1) 1.1 * 0.7 1.0 *0.2 2.0 *1.1 1.0 | *0.9
Ala (6) 3.2 2.9 3.6 3.9 5.5 5.3 | 5.8 5.9
Leu (1) 0.7 0.7 1.0 1.0 1.0 1.0 1.0 1.0
Asn (2) 0.6 * 0.9 1.1 * 2.0 0.9 | 2.0 1.9 2.0
Val (3) 1.3 1.3 1.5 1.8 2.6 2.4 2.9 2.9
Gly (1) 0.5 0.4 0.3 0.4 1.0 0.9 1.0 1.0
Gln (2) 0.9 0.5 0.5 0.4 1.9 1.0 1.9 1.9

S=70.6 nmol/ml, S:E=74.7 : 1, Enzyme reacted with substrate at pH 8.5, 37 °C

a)
b)
c)
d)

e)

Structural numbers of the amino acids in the C-terminal region of f-Yamagata
globin

Amino acid ratio of the analytic values of normal B*-globin on the basis of C-
terminal amino acid (His)

Amino acid ratio of the analytic values of S-Mito globin on the basis of C-
terminal amino acid (His)

The amino acid ratio 1 of the estimated values of $132Lys—Asn substituted
globin on the basis of C-terminal amino aci (His)

The amino acid ratio 2 of the estimated values of B144Lys—Asn substituted
globin on the basis of C-terminal amino acid (His)

: The amino acid ratio of the analytic values of f-Yamagata globin differed from
that of normal g*-globin

:The amino acid ratio 2 of the estimated values of B144Lys—Asn substituted

165

globin, differed from that of analytic values of S-Yamagata globin

ZLWEMET I VEBAOBER (Lys — Glu) &1
£, Lys LRICEEDOKIGHED Asn ~DE

BAMEZ T E Y TIX C-Rih 520/, 9EEHDT
S BMBIERER SNBSS, Fho OWHRIX

Puzc kb0 BEbihs. 7 3 BN OERS A S, C-RigGHEE
W73 BERPFOEYE Hb O—IREERE
% = IS %A, Hb Mito ®7 =/ BEiEH# (8144

R7FRO7 2/ BEHTIRE X N-KiGD7 2
B SIERER ST S VBEREIEL T
S HEDE 5N T W5, CPase HEH -7 C-
Ko & DN HEIC VRSN EREESBNHY
ZOEAtIZR#EZ LS CEbhTER. Ly
L, B&iTiZ CPase b BMEDD DHTHIKS N,
C-RW7 X/ Beh o DMTIIEALTAB 2k
BERCEbNS. F/l-avbPa—% LEESR
¥k, EMRRIGEREZ bBEL
fEMTDSAIREIC 72 % b b . CPase DU &
> CPase-A OXRFF K C-Kig7 I/ BIZxd
ZRIGHERT S VBOBEICL-TERS L L
biz, CREEE 2 DT S /B bEESND.

Lys — Glu) # %2 RET 2 2 ENTE, £
Hb Yamagata (8132Lys — Asn) D&% b
HETLIENTE.

4 CPase-A @ Km 12 H. C. Davies D
X7 55 EEE  (Benzoxy Glycyl-L-Phe) 2
BB 2 KmfE(=0.81mM) 2L 7223,
ZZTHEALEZ 0L VBERES 5 ITEVIEE
FEThote. FIBRL I 0y OEEE
W 237TCIZ IR L T W a5 b &£ L,
CPase-A W2 &£ 27 3 VEBEBHEOELEBL Z
L IEH A O E Y DT R OEBNEHIL
WZEih@EHohT:. S% 7oy Al
XRIER IO OB EITL, 512
CPase-ADKIDWC L VEBT 27 3 /BOD
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CPase-A WEHHZE%2EE L 7z CPase-A K%
ThVEEZ, BHUIEZTFHEL L THVS
EEBRME X VIEPIL T X BRIEREREE D38
BASHREIC 2 B £ EZ D .

& L]

 CPase-A 2 X 2 8% g #8710ty C-KiHE
BO7 & BEFIPE X C R X b EREEE S
L7 /BESNT S I THRENRETH 1.
NV arEERL, M-MRZ#EAAATZCPase-
AL BMHT U E Y DRIGE T MIZ & > THERET
BEREHT S LT I BOWEOBETIZ

X
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