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KB HE KB L R EEYE CHO A PHYEHRE
&3 34N S A LAl p) i

IEE HFk BERR HEHE EEE FERT ERE

(PEMERE DEEMSARF B& 200031)

W E EAER DNABXEN PAMEEHER, XM EA, WBRAALKERHK SV-
PAM, #3553 CHO 418, 38 % CHO PRE X R EHED o Bk L B8 A bk DGAE, £
P S0 T R, 430 B IR P AT EYE A T, HR BRI TR R, L o N-
acetyl- Tyr-Val-Gly HEY, B AR HH K, H 12.5pmol/L, V., B 180pumol/mg/h, T EH.
AR P RRA RSN TR pH HEE. REM TR TEEN TSR Z K
FEL B TRk i A9 BEME b T8 i

X409 BEEEL, PAM, IR, I EERE

#haHBT QSte

EVIEER, AR LR ER AN ENEREREANNSBREERE T, &£
EMENEEREEN AN, SWEERERERERP, E—FULBEECK
B BB AL, X AN A SRR S EARR N BEEYY, EEYEN, B
Wik R AL EAEESE N LR, 25N K o BEREAEEEF S Bradbury
% 1982 EAEBEEK PRI H AR, i Glembotski 25 iy & o W & ik 8t b 5 EH (Pep-
ltidylglycine a-amidating monooxygenase, PAM, ECl. 14.17.3) Bl PAM ERRALAHTHF
ERREFEH, ST EM 38kDa T 108kDa A%, HRI 4 FE M RIE pH E, BENE
g FMEERENFAEE, #AEVSEESREE T MBS FEEVHEEE
0, ERNIE, A4 KR /DEAEER PAM cDNA WHE B EEN S, MENEE
G RREEERN FER 24 BR, PAM 7 RNA REAKF EHFESRHEAH ML,
KRTESFFHERS mRNA BB PAM-1 #1 PAM2(E 1), HHRX
HMEM—PAM-1 SERB SR SR BULEME. BEEN CRIREK. PAMRES
kA= & B P R R LAY 38 — AN W Eh 8B T, A8 B A ARk 5 1 i LS (PHM) FI R IR BR
(PAL), A FE & 1 FIR P AL BLBRAL B i 25 B . H SR BALREMIER T, B o ¥k
HE K EE REERBERNERT, PEGRILYBEL T O ER.

BT CRMBEILRENFZEERSEEHEERAEEN, MR EZRKER
XEERGHR, MEESE . GUR AYRERRETF HEK Y. ABERE, EfEHE

BRI B ARFRERIT- YR, W EHH5.Y:863-102-11-03-02,
* HRBEE A
WOHE H 4R . 1997-04-21, 8 [5] H 3 :1997-11-17,
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MY RN B R, EREEEAR, TR AR TRERETEETNERK, K CRHRAU
REGRMEBEATY . XEFYSKREWALL, EDFEBETR, EERARL
EEE. BRER TRERRESYE C R mEBERE b R @y 5 B, M # 8t
BAMHFRFRARBE+HLE. PAM JUNSBREESHHAST S BALL, Hin
M A FARR KRB RREAARARR E O EEE % XHH
B EEAEARLSTHHME, BARBAESATRREICE, SR ERENHRE, W HE
EFWEET A ERATHEOEEME S, T4 £ KA MR 4, &80 Ry Bk ™
YA RBA SRR, REETERVERER BB LR, 25— KRB, PAM 28BF
14 4~ Cys, FTE B 7 M Z Wi 68, £ K 7 B h IS A WA i 2 i O, B Wi oy E %,
T, AT B cDNA I 6 PAM 2852 E, 2F A U0E, A CHOH
fabk, REBRAERR o BRELEE, EEMNT CHb Gly W ZBRR BB LBMN.

| O o

1.1 #4¥

K E JM83.MC106(P3) fl R & pSVK3. pcDNA [/nec R4S 5 2 {17, 41 BB
CHO AR ZREZRIFRT. BWBAAREFRANEREFR B4 LE . BEAH.
G418 .8 F#& Lipofectamine ¥ % GIBCO BRL A & ™ dh. Na'®1 B Amersham 2% 8] $2 11,
Na(TES) .Na(MES) . Triton X-100.DAB ¥ Sigma 2> 8] 7, IODO-GEN M B Pierce fk2¥
El. a-N-acetyl-Tyr-Val-Gly Rkt A Fr R #IRERI BT 9T 5 & 8, 28 BK(Ser-Thr-Pro-Leu-
Met-Ser-Trp-Pro-Trp-Ser-Pro-Ser-Ala-].eu-Arg-Leu- Leu-Gln- Arg-Pro-Fro-Glu-Glu-Pro-Ala-
Ala-Val-Gly) A& & KB B F 5 R & 8 B W, Sepharose 2B & Pharmacia 2 5] /= dfr o
EE B Y 8 ABI 270A B Applied Biosystems Division, Perkin-Elmer 23 5] ), B4AE A
£ 50pm, B E 72em, HRKE 50cm, HPLC F#H & KONTRON B E T8 B
HPLC &4%-DAD &,
1.2 K&
1.2.1 BHEEREE DNA L. Bk DNA A5 & . FR %) 6 M 55 B B e
B vk DNA B BB T4 B 8 N . K B B #% 1L %49 B8 Molecular Cloning 31
FEMUHEBEEGET. BHRM S Sepharose 2B Baifb /5, H THER4HM,
1.2.2 MKEF EHREEEREBEREBEABHRENTRLE. PECFNLAR
CHO ¥ F & 10% M4 M &Ry F12 3FF P, # Lipofectamine = 5% i B F ik, #
3ug pSVPAM ¥ DNA 5 0.3pg pcDNAI/neo # Lipofectamine 4+ 5 T 3t §£ 3 CHO 4
¥, 40h J&, SR BTN G418 ELWE N 0. dmg/ml HITTE R, BB LREBE %6
LB, T, HRNAEFENEBRICEBESE. ZRIERER, KB REXRATE
YEBE AL BE AT S0 B Bk .
1.2.3 MERRAHSFEIENE. MEE 12h, KR #E 577 # CHO-SFM, 41
RIEFE, B0 RBRAMRE T, AT RS R T &, WA D’ hanks ¥ —1K, &)
THME, B2 F 20mmol+L " Na(TES), pH 7.5, 10mmol-L ™'t &8, 1% Triton X-100 &
P, B DPHRRE 3 K, 14 000r/ min B D 15min, BE EIH, Bradford BERIS E AW E, B
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FHa I BB HE 60 1 & . WU 7E R A Y LR ' [ -o-N-acetyl-Tyr-Val-Gly, 845 :% A 10-
DO-GEN £, 40p] BER E R NEEH, 4 25pmol/L B4, 1 ~ 2pg M & B R S
10pg MISMBEHE 5, 120mmol/L Na{MES) pH6.0, lumol/L CuSO, lmmol/L $iIFIMLEE, F1
0.25mg/ml EEALAEE, HHHLUFETGAE 37C R\ 4h. KEEEMA 10u] 1mol/L
NaOH %5, 3t A 0.05 % = F BRI 1) 2,88 Z B2, TR L2 AT AU, L v 33K
1.2.4 SFENTHEENHEE>Y. BNEORES 0pg MRS 10 F0RIMESER 104
2815 Laemmli F#EMIRIE &S, %K Smin, #47 SDS-PAGE., Bk, EHRER
ERET R IR b, 25 /N E W 5 PAM-N260 $LOLTE (B 1A, SCER[17])F SR &
eERiCH E A A N, B & EB# (DABR) . H,0, B,

1.2.5 EHTEKEMBBAMT Y. REGRIEEES 10p 5 160pg AT & R8T
28 Bk ( Ser-Thr-Pro-Leu-Met-Ser-Trp-Pro-Trp-Ser-Pro-Ser-Ala-Leu- Arg-Leu-Leu-Gln-Arg-
Pro-Pro-Glu-Glu-Pro-Ala-Ala-Val-Gly) f# 18 3 ~ 5h &, 15 000/ min B> 10min, F £ AE
KBk (CZE) AW, BKEMEA 25mmol/L BEBRHYE W, pH4.5, HZ i
# 1.0sec(~—3.5nl), B 20kV, B 10pA, 188 30T,

1.2.6 BEREiLn T4y HPLC Ar B MR 47 . S B A4S s ik 4 fE &k T #9 28 ik
T8 F HPLC #4748 a4k, B7 A HE % ABRI 2 6] #9 RP-18 Spheri-5(4.6 X 100mm), A
WHO0.1%=HZE,BHN 70% 218, 214nm & 3. 35 28 Bk R H S8 L BRI i) 7=
W4 BT FEAOA, R ESL A, B P EBER LEFTUR N RKEREE.

1.2.7 ZEETERZABHHBEBELBHE C X% 0.375mg PABC-hGRF(Gly) (A
ERBERRETFEESD AW BCHEMBEXHITE THRESRE™Y, GRF i C it
KR EZ—A Gly) 5 15pl 4 10 09 RAMEEE T 1000 5 & EP(F 120mmol/L. Na
(MES) pH6.0, 1umol/L CuSQ;,, 1mmol/L $15F M1 88, NEMI 0.5mmol/L # 0.25mg/ml
(i AL E ) 37°C 1R iB 5h /S, BE HPLC(E MY 0.05mol- L™ #FEE4Y, 0.2mol - L7!
NaCl, i 0.7ml/min) 4 B =4, & N A ERF Ao =P HTHRIEME ’F, ¥
WHEAT CMIFF ¥ o

3 LRER

3.1 KR PAM BICHE AR M@ FT CHO ¥k AR ST

FEEF KR DNA EHSHEER SRSV PAMSHEZERARL 5ARES
RRIBE A PAM £ERBERE 11 (E 1B), Bt Ndel I S EH, KB SETHRY 2
BEMASER . PHM M PAL IBIX Z[E] T Exon A, #1487 CCT(Pro) A FREF T A, B
X MEEA D EM, i PAM EFEA pSVK3 EERBH LS, 3k18 SV40 57
FEH THRE R pSVPAM(E 1C).

KR PAM EHFXFERN pSVPAM I H EFBE NS EEANEZRE TR
pcDNA1/ neo, T A& 5 T L4584 CHO 41, 40h FINA G418 Ik, HEBG, K%
R R BRI, WHRT M ARTE R FE. FRRRMREE
®E 96 LR, Mifay WS, SRR ESAERE L HPREIEEE. HEEERE
A hAy e, B 96 IR THITI I, 2 -8k, B8R EXAT|GEHE KR PAM B
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- KK RKKK  RKRK
. h : 1 _ o ) . rTPAM-1
signal peptide PHM ExonA PAL TMD cytoplasmic
domain
K|R 11
(| ] [ || ] PAM-2
A S
Nl rPAM cDNA
EESS—— 1
B Nylel
—— - ———— | |
Sva4Q early Propeptide coding regron SVAD smal T
promoler 4 (TMD)  Anligen splice site
%‘l 1CCTC ] \/___ pSYPAM
t Pro f
signal peptide cyloplasmic domain
coding region coding region

B 1 KB PAM-1.PAM-2 FI%H (A) R T #) PAM cDNA(B) . B8 A TR pSVPAM G S HE M
()
Fig.1 Structure of rat PAM-1,-2(A), its recombinant ¢DNA(B) and linearized diagram of eukaryotic
expression plasmid pSVPAM(C)
Signal peptide (crosshatched hox}, propeptide and transmembrane domain {black box), PHM, PAL, cytoplasmic domain
(clear box} and Exon A(stippled) of rfPAM are all labeled. Potential dibasic cleavage sites are indicated by vertical lines.
The peptide PAM-N260 used to generate antisera is also shawn with crossharched box. Rat cDNA fragments 1 and T
in B are both indicated in ref 17.

Mk, w4 A DGAE.
3.2 DGAE RiEFYHMERDITEETE

DGAE AR T, T Figsnd 20 /5, REEFE LEAHEHBEAED
BES. BREELESHRMEES SDS-PAGE M western blot # ] /7 (B 2), R 5
IMERETHE N BAEES PAM-N260 LI R RATY. RAEREDPHEAD
BR—FH89kDa WABLEE AN, THABEOETRHRIER B SEW, H 5 ¥
84kDa f1 75kDa B 5 FRK /N, M ILRIMEFETRE DN, BESFEER, B MR
N eR, S5 S BMEFER SR P ] 0K o N-acetyl-Tyr-Val-
Gly =R, BB HL IS RN, BEMERFT 5 8 iR, iR~ o
N-acetyl-Tyr-Val-NH, BKMARIR, #ABTIM, TREN RS U TKES, WA
AT vt E, AT R EF N ARR. BENEER(E3), ¥H PAM ZHA A
DGAE Mipy #3445 B B 69 B 5 o, I T % B R 4% 2 R A CHO 4L,
3.3 DGAE ‘iAMBELEBOELEEBERR

WAN DGAE ik #9Bt iz (LB R 1L R W 4247 T #F 7. BA o-N-acetyl-Tyr-Val-
Gly XYy, %t DGAE X H M ERFE P KE PAM MBI R Y, #7310
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kDa
kNa
94 - P _ %9
-84
»
67 -

2 DGAEMAMRGWEEREPREN
B western blot 747

Fig.2 Waestern blot of cell extracts and se-
cretion proteins from wild type and trans-
fected CHO (DGAE)

Cells were incubated in serum-free medium F12
for 12h. The spent medium was eollected and cells
were extracted in 20mmol/L Na{TES) pH 7.5,
10mmol/L mannitol, 1 % Triton X-100. 16yl ten-
fold condensed medium (S) and 40ug cell extracts
(C) were seperated by PAGE. The proteins were
transfered to NC membrane, probed with rat
PHM gntisera, and visualized using HRP-protein
A.CO and 5) as controls are those fram wild type

100

Relative activity / %
[4,]
[=]

0 2 .
CHG{wt}

DGAE

3 Bars &M PAM BAERTEEIE
Fig. 3 PAM relative activity in the medium
(M) and cell extracts {[(0) of wild-type and

transfected CHO cells were determined

HOWM EEENEESBRVHXR, Bry#
{b 5 AT B 8 & Michaelis-Menten 3l f7 2 # fiE
(F4), #itHE, DGAE FiX 7 W § PAM ¥ o
N-acetyl-Tyr-Val-Gly Bt B¢ b 8 K. #A H
12.5umol/L, V ,..3% 180umol/mg/h.
PAMWMEU R N A ERLBRE pHE,. X 58

CHO. FIRER K EERE R R, B o N-acetyl-
Tyr-Val-Gly A/E#, A% X R PAM EHHH

180
160
140
120
100

30

£ = 12.5 wnol/L

40 V. =180 umol - mg'-b"

20

¥/ x 105 amal ™ -mg-h

mMan

0.5 1 1.5

s mol'~ L

M4 HE8 PAM B3 HESIT

Btk DGAE Fréh b MERZ{LEE, kR
N £ 3 pHEZ94 6.0( & 5A).

PAM 2 M4 B F K80 8, 4k
ENPRELBRFARFIEAHEET.
MR LIE R, KF PAM 97, His107.
His108.,His172,His243. His244 W] 8 & 47
BT ay B AU, 7 DA AT i SR R B
o, AR IF i BR R (L8, AR R
FRBRENEFIRESARMER, DX
BEEEENBELE BEREEF
WE W 2~ 30pmol/L A%, BEEXE

Fig.4  Kinetic studies of PAM secreted by DGAE 135 Symol/L, & 5E8% H, $# K K PAM
Assays were incubated for b in a 40l reaction mixture contain- HH G4 B DGAE FFR kW BB

ing a constant amout of 12° T -a-N-acety)- Tyr-Vul-Gly and 10ul B, UL B = Bk
s S -

spent medium of DGAE.
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14 3

FET R, TR ERETHRENN Lpmol/L(E 5B),

45

4SLA w
2 235 f
St 3 30 b
Sl b
Fd - 25 F
= L
£ S}
20 2
§1s- g 18
] £ 10
ST S S
51 0
= = s ' 005 &1 05 L 5 10 30 S0
0y 2 3 4 5 6 7 8 % 1NN

rH Concentration of copper ion/p mol-L?

Bl 5 DGAE RikK) PAM MBS KV pH {H(A) I EUE % T K (B)
Fig.5 Determnination of optimal pH value {A) and copper ion concentration

{B) of rat PAM secreted by DGAE

3.4 NABKCEEEIIEREMIHR

HABEARER PAM, 3 AT & A H& bk REF TR EZXHE A T8 RL
BHBIR. HAHEABEILE 10p 5 160ug A L& B 28 Bk ( Ser-Thr-Pro-Leu-Met-

Ser-Trp-Pro-Trp-Ser-Pro-Ser- Ala-Leu- Arg- Leu-Leu-Gln- Arg-Pro-Pro-Glu-Glu-Pro-Ala-Ala-
Val-Gly) (R 3~ 5h J5, @B ME BT, 7T LA WER B HBRRAL P= 489 2 AR (B 6C i

A B

17.33

16.65

et b M:.‘.;;';;;f:'l‘é.&s" e

E6 B/ HasRaE mikair
Fig.6 Capillary electrophoresis of amidated product from peptide with C-terminal Gly
A. Polypepride with 28 residues; B. Reaction mixture without substrate; C. Pelypeptide with 28 residues
was modified with amidating enzyme
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by, # ik Rk 36.5% ., HPLC 2 Bai{k 28 Bkin T4, #FF R4, HERWA T
% 3098.81, T B 28 Rk 4+ TR M 3157 5ST(ERRER), WES FEMEI EF S5H R
B AT, TE Y 28 RARESC O BB 0L n T oW RRAL =4 .

B4h BB ENELBR RN ER T EERN PABC-hGRF(GIy) (ALK K E
BHET5EH AW BC HHERIG REATY, GRF By C itk KA E—1 Gly), #1T
BB . 4 BA PABChGRF(Gly) M BB LBs K B /=¥ £ 88 HPLC I3,
HAT N SR C BRIES i, 4R B R, PABC-hGRF(Gly) S HEB LB L= RH
FFM N BRE R IFF (Ser-Leu-), PABC-hGRF(Gly) C 35l tH ¥ -Leu-Gly, SR H %,
TMEABEENT <) CHRUHAY, XRXRBEARMELBFEHATZEED CHH Gy,
Rl N, C 53 [E] i e o B8 e A, R SE R AY C MBE AR f i TAB MR ER .

4 it

# LB KRN cDNA FEXERN PAM EH F B, B E4H R, ¥ A\ CHO 4, &
BRE A SIS PAM A 41 B ¥ DGAE, 35 H % A =) s RSB B (L Im 4y
R 4T T B 55

PAM £ HET R IEE SR EW & R E— M R W hieE, £ AR PR U L /8-
HETE, XA BILAM T #9 PHM #1 PAL R, #IRF R, £ pH & T, Btk
[Z M EE PHM # PAL fy3tR4E A, ¥ &4 T PHM ER AP E =D E k¥ LN
BLRib =4, A & PAL 1EH., X B PAM-1 B ExonA PV —§)— 3 UL H AR
(T4 B AK ExonA REBEHE), ST HEE RN T A7 4 PHM Al PAL B +2E
B, DGAE FiF&ikM PAM 2 EH B T rPAM-2 FEX, PHM #1 PAL Z [AIX Exon A X, &
BT M western blot BRI FR ERER 8, UFEH TS HE, HE D B g
R A TERA S M B, A TR 5 P8y 4 &, AT NaOH, BT E 78858
LEEHRETYIENGE LR GRS BEEERN 28 KB E NS, HFRET
W, R R R RSO S R B R T B8 AR, H 8 DGAE &Rk
RN, E PAMWAEAN CRA LR EEER, ©58FEE4A
KRN TEREKMEER, Thrl, RR PAM cDNA 724 [E 89 40 88 % 77 3% &, 0 hEK-
293 ! AtT-20, & B AREF/MBFA P, FRITERF, CHO R B LS,
By = B 84kDa Fl 75kDa, T 2 i E HISMAY R 89kDa, X FREFTHH > TR E
RBTEES THRAZSUMER T, PAM C i KK fi (B)RK WEEEEBRLHRER
BERTrEE, XEEBEATR.

CHBREAMLYEY, REEAEEN, SHMNEEH ~ %, HEHREN
— BB S, BRI AR EENRAE, TRYPARLEFRICEYSE S IRL
BEiiR B B AR R HOR I E B RALBS . AT B R (L B i, ERB Y ERE S
F. EpH4. S BWEAGT, KUK CREBWAEHE, /79 C HBEARA LKA
L, X RS A RS, BAERKTEETUL I EEERSET, RN
Bt R HE 48 o-N-acetyl-Tyr-Val-NH, IR H K ¥, FH 28 Z Be i3 65, 98 % Bt
AEHUH, TT 98% KR WIEY o N-acetyl-Tyr-Val-Gly M EKAH. MEBHREEKX T EN
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Functional Expression of Rat Peptidylglycine a-amidating Monooxygenase
in CHO Cells and Its Use in in vitro Amidation

Jiang Zhihong Yang Yuhong Xu Laigeng Yang Xinying Xia Qichang
Li Boliang Wang Debao
( Shanghai Institute of Biochemistry, The Chinese Academy of Sciences, Shanghai 200031)

Abstract Rat peptidylglycine o-amidatimg moncoxygenase (PAM) was functionally ex-
pressed in stably transfected CHO cells by using eukaryotic expression plasmid pSVPAM,
which was constructed with rPAM gene screened from rat brain ¢<DNA library. The product
mainly secreted in the medium is a bifunctional enzyme with the optimal pH value and con-
centration of copper ion. The kinetics studys of PAM show that the K, value is 12. 5pmol/L
and the V., is 180umol/mg/h in the amidating reaction with a-N-acetyl-Tyr-Val-Gly. Re-
combinant bifunctional PAM can be used in amidating process of synthesized polypeptides

and proteins expressed by gene engineering.

Key words Amidation, PAM, functional expression, bifunctional enzyme
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