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HE FEF PCR A, AR ES T B # BI0 {7 His 5534 Glu, 7 B25 1 B26 A2 |83 A Glu, BT
[BIO Glu, B25-Glu-B26] BREERRLE EOEE. FIHEH R pBv220 MERIEHE, T E DHS«
FiE, FEEANBSHER, A5EEREEAN 20% ~30%. S8, BRERESSEEINREERME
EO. FREORMRIE BE#Y,. £5 DEAE B T4 RP-HPLC @Aifh 8 3L RET Ry, FEdm
B A, BREEENETEARS TESWS SR, B/AE (CD) Mz THENEN F4RNe

THRIEN. SHEETEE LD RIERERRER.

e GTER TR AR R 63.5% 1 114. 4%,

GREN, REESTHEEHE TR HREENZ
BRSO T RMRES R

REEE BRERELVUY, BERER, EEREL EWEET

FRET Q816

{ENFEFR IR ARG T B 208D, BB E MR
HRNHBEA R0 2, BERABESEEMTH LMD
fEE—ddn. BEESTEESEAE LSS
SEERMAEBEEN. MESTEERE (1 x
10 " ~1x10 *mol/L) BESHTFEREEAFH
Ge, BRTRAEAESER. ARG
FIREIRE (1x10 * mol/L BA ED, B FIEHGE.
FEIEENAERAES IR, SHEE
(1M e 5 FR VR TE I 8] LR T R, I
FERERTY. R AN BB KRR AR RS
TREERD RSB REE MRS R, IR
MEEE (VR IIFERES R,

RE RS TS H SRR B FU R ik
RERSTRUETHRE. FRARY. 2540
AR AFE B B o WBTERR UL B23 ~ B28 Btk
E HP -R#agddEgasrzZREMNGEETERE
B24Phe 1 B26Tyr 2. 18] 5 3 B9 B0 AK 1F FIFN S0 K 2
A BAh, Zn®' 5 B10His BIMK PRI A B,
BRABEAE. EARTERN XTSRS ESE
PR EERR, BdXMFBRANCEES TS
TESERUY. EENHETHRK R EL Lily
24 ) Lispro B B E R TA. BEREHEEEK
HF1 (IGF-1) 5BEBFEEST & EMFEMEM
SRR, ER IGE- T AR T E A
IGF- 1 5+ F L5 &% B28Pro-B29Lys M [ 815
¥y B28 Lys-B29Pro, RUMGFEN(E, 3% T B
HEhZ#e & @i 7 [B28 Lys, B29Pro ]
REE, A Lispro“j. Aspart [ 5 FE A B28Asp,

557 B28Pro 5 B23 Cly BIMEEM. BEEE
e FREE —Eake s, MEZTIRE
FHIRMAE R f &A™, EFEEREEINZNA
TR ARIEE, ATESEREAFEREEN
BH VSR Lispro MR R EIH, FikA 0 Ewf
EATRAENENAFRSE. AW 7%
& [B10Glu, B25-Glu-B26] RS ZEREE, 7EX
B ETEARE, GRS R R
AT T &6 T R A S s v A o=

1 RN 772

L1 e

B EEH KT H DHSa. & ANBESERER
FUFRL pVKI100 AALE AR dn B 4 B i B A
AN, ZRRNERDRRNEERES T Met-
Lys Bk H:, IREERIE B4R pBV220 A AERAE
PCR 5|41 LA T AR &AL, Taq BF. FREEN
DB EcoR 1. BamH [ 1 T4 DNA Ligase ¥4
Promega 22 A P= 5. JRE W B Sigma & 7
(1420 BAEE U/mg ), B AKBE B h R = 4§ &
(100 HA U/mg>, KRR RN Sigma A5 7= &,
EOFaFRERES T ER ALY 59
EMET RS, EBTHE A Pharmacia 2 &) 75
b, Fofth IR A HE OB o 47 el B i i
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1.2 Hik

1.2.1 FEREERTENE R FIH SGT LiEss
TnsightllFU4F A (Version95. 03, LA Protein Data Base
kSR T PDB UM AREAR, %5245 o 1t
ITRIVE B, HRMAEREER S THAT LU
1.2.2 REBRABHUWE: LEFRIERERKA
KE pVKI00 AR, R AMFR PCR FiEd 1515 3)
SEAMAREE R B, 21 EeoRl. BamHIWEF], 52
R TIR pBV220 EHE, B EHFIE T
pBV220-hPMUT3, ZBEU1F1FFIH2 74T N LAEE .
P KT B DHS o, VE I/ BEFRIETHHE.

1.2.3 EREHEMRBERE. SO RE
HHEEE, EHES0ml LB (£50 my/L B FHFE
F) MIEEREFR, 37CHERF 12 0 5, BES
500 ml& 50 mg/L AR EFHEN LB RiEEES,
CHEEREFHF 1.5 ~2h, ARENLCHETEFR
6 h. BRI,

1.2.4 FREZRELHTE. S Rasai:
HAEANHEE5ZE. EHSRXE [7]. &%
W& 0.05 mol/L Gly-NaOH, 1 mmol/I. GSH,
0.1 mmol/L GSSG. pH 10.5. 4C EBHEHEE U
24 h, DAEE{EN 3K RUMIENE IR AE, Bl
4% 50 mmol/L Tris-HCl, pH 8.0. H Sephaeryl
S-100 £ (60 em x26 mm) #EFITIEETSE EH /)
HHE, ZMWIEH 50 mmol/L Tris-1ICl, pH 8.0. Ll
Sephadex G25 #H M & 5 & +. M B A
0. 31 mol/L. NH,HCO,.

1.2.5 BEREVYNESSLEE:. B—FEH
REER, # 10 o/L T 80 mmol/L Tris-HCI
(pH 7.6). B 1:1 000 F11: 400 JOA R
BEEBARIKEE B, 37C KB AIR 30 min J5, 7]
Bk b, MANERIWRET0% N H RS ERN.
DEAE-Sepharose 755 240 B 8185 1, P10 28 Mol
950 mmol/L Tris-HCl CpH 8.0, HEARZE Ml AN
& 0.5mol/L  NaCl #) 50 mmol/L Tris-HCI
(pH 8.0). FKHO0 ~0.3 mol/L NaCl FIHLH 1k
Bt #—bifh R A RP-HPLC ik, EWTEEA
Zothax RP C18 (4.6 mm x 150 mm). 2B A X
F0.1%TFA1% R HIEZEK, SEMEB F0.1%
TFA-19% EZEKF98. 9% 285, HRFAZEME A
i, FHEZMHE B (0.5 ml/min) AT 0% ~ 60%
ek PEdh B sE M, WREEi i, ARTR. B
TR AEBRERCE R (RIRER 15% ), A
E RS A RS, 3 i B0 B B I AT

Bf 1A (MALDI-TOF) JSUiEvE e F i E.

1.2.6 BRERECYTESSEERNE. RA
BEEEETARESEET 20 mmol/L RS
P (pH 7.2), WEH 1.2 &/L (2 x10 * mol/L).
S A Superdex75 HR 1030, DA 20 mmol /L T
M vl (pH 7.2) MM, LHER
200 pl, PEIE 0.4 ml/min, 280 nm EAMED, =R
FRAE. sl AKTA explorer.

1.2.7 BZ&ENZE: FEHET 7 mmol/L BERH
B (pH7.2), WA E &30 2 4 Mk
FEARO0.2 ¢/L, FHETE 190 ~ 250 nm, #F &5
1l omm EEIE_CENEERKETR
3.5 g/L, FA#TEE 190 ~ 250 nm, #£ 5 il
lem, HBEHREEH N 0.5 nm/s. 28 H JOBIN
YVON-SPEX CD-6 [& — (¥,

1.2.8 BEESERELMAMRERENE: HESR
8 A R U Y 52

1.2.9 BREZRFUDSAESEENE: AAR
HHAASURIE RS R 2R, Forik [o] BT
1.2.10 /DB RAGMSRFRSES . BERGE o 2
=/ E B R e

2 & R

2.1 FREBEERRKSEREBFOEE

A AXFRPCR ik, M pVKI00 FkE_E153)
BEEIRFRAER, fiARRERE pBV220 15
FELA FOM pBV220-hPMUT3. E LA FifL 48 1T B 1)
FOFFIMGE, EEREATFRIEM, RR5IA TR
A CE 1.

Fig.1 Restriction analysis of recombinant plasmid
1: PCR product: 2, 3, 4: pBV220-hPMUT3 digested by EeoR I
and Bam H [ : 5 : pBV220 digested by Eco R I andBam H T : 6 :

standard molecular mass marker.
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2.2 EMERRNFRE
FHAPRE P BERIEFERIEAR, D15%
SDS-RN G R BRIk (PAGE) Arifr. #HE
Wy, 4 FREEEIO ki, B %HEARET
EHMEEELNELRLT (B 20, WHENE
FEZARPER THIGERE, BHERY SHEE
RBEEFM20% ~30%. BEBERLNEEHE

- 14.4

Fig.2 SDS-PAGE analysis of target protein
1: Whole cell lysates of DHSa; 2: Whole cell lysates of
DHSa containing pBV220; 3: Whole cell lysates of DHSa
containing pBV220-hPMUT3: 4: Protein molecular mass

marker.

2.3 BREERELAHEANSINENRS >S40
HEHRAHIERYE 5, LA Sephacryl S-100 &2
BBl £33 15% SDS-PAGE 4+ 47,
BHER—4&4, X410 k. BEGTE, 213
PAGE #rill, #2909 . BIEMEIEFRE
BE 1S mg BERRETREL R
2.4 BREFEDPOKEELEE
AR ERBMRNBBEYE. 5xEH
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Fig.3 Purification of target protein by RP-HPLC

DEAE-Sepharose 73 55 #li4t, WS FERE, HIkE
MEMEHFK. 5L RP-HPLC #—54ifh, 458
WE 3, FIREORAFELN 95%. SDS-PAGE 45
HIE 4,

i 7.4
e 661

w430

31.0

# 211

s 14,4

Fig. 4 SDS-PAGE analysis of proteins after purification
1: Insulin analogue; 2: Proinsulin analogue; 3: Protein molecular

mass marker.
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Fig.5 Results of MALDI-TOF mass spectrum

(a) Proinsulin analogue: (b) Insulin analogue.
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RETEBRFFTHEMIERE 770 ML, RBREN
0.15%, TERFMRETEAN, iFH 7T REFYH
Eft. =T ERBEEREDENE, HorRE
EEfEh6 184, 5FEmME | Met-Lys-H1REHE
SRR E A RS THI{E 6175, 77 thEr, #EHY
0.15%. BB EWTE Met-Lys- IR H B R
ENI=3
2.6 FREZRELHHNEFGEER
FKHASTRG R T, SRARSE RS
iRk B RIAT 04T, RARREE A R [E) 9 2R
FREBEEERE (B6). EEHRKREN 1.2 oL
(2x10 *mol/L) F, FREZRU TERMAESANEAEL
AFEE. WEREH, ZEREATTERGE
BT RABRSED.

50.0
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Fig. 6 FPLC profile of insulin analogue

A: Human insulin; B: Human insulin analogue.

2.7 BREBEELWNE AL

TERANE— A (cD) SRWE T i, 1E
208 nm 224 nm AT ARHERE & 2 0 F R R0y
THFEHK, RUTE RS EETHET T o
WRIES B M. TRIZE A 275 nm AL, AR
RERSTRRERFESFRAERL, RAFE
BRREMSRE T EMA. XER A EHEA,
RESTFRSESHBT TR, X5EERTES
LhELR—E.
2.8 BRERECM SREN RZ RS &SN

SRR IR A HEREK, ARAREE
f163.5%. XERTREETFAEMR LN
SlEMCES). L ENEERFTH, BE 4

MZRESRABEEIN, ARABREEN
114.4% C(E 9.
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Fig. 7 Circular dichroism of human insulin and human
insulin analogue
(a) Far-CD spectrum. (b) Near-CD spectrum. ——: Human

insuling — — —: Human insulin analogne.
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Fig. 8 RIA of human insulin and human insulin analogue

H—m: Human insulin: @——e: Human insulin analogne.
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Fig. ¢ Receptor binding assay of human insulin and

human insulin analogue

m—m: Human insulin; @——e: Human insulin analogue.

2.9 FREFELDRIEREN

SRS ENESRE IR TRARSE
(F 12, KULH: — 4, B0 REBRREN SR
BENRE, EUTEARLER, HERESTH
YT B —5m, 7B HE25 M6 A
EFIAGRBEE, mEENNRTHETRIET
5 SRR

Table 1 Result of mouse convulsion

Sample Dosage/ g Response *
Human insulin 4.0 12/12
2.0 8,12
1.0 1/12
[BIOGIu, B25-CGlu-B26 Jhuman insulin 4.0 12712
2.0 10/12
1.0 2/12

* Denominator-number of mice injected: numerator-number of mice

responded.

3 it w

fRER R ETRRENSGNAY. B 192 F
DSRMEZNETRK. BEED —-MHEERKXAY,
HIERAMAESBEBSNERRSZRFERE
KPR, Bl e R E R EAE L ZRE R
RIEKNANFEE. EEIENOHRFAEB TR
WiEERSEAVR T, ENATIRAKNRAER
AEULH, T H AR 2R A

ARFFUR A PCR AE RS ERER DI A
Ar, H3#E 7 [B10 Glu, B25-Glu-B26] fEHER
BE, EAEFETERRE S@dRBEL &
RSN ER S B, B3 THESEEM
), IR AL E A RATRIEE 2

WHREH, 25 _RAEBRNREGRE A &
21, B¥ES, 9, 12, 16, 21, 23 ~29 T HI R EER
TR, Hbgir B EEERH L B ERE R
B24Phe. B25Phe 1 B26Tyr =/ A& @A EMAE
EAfEAKE LA ER. B4, K@
ZRABRB =N EEOER —E80EH. B
MATBBRENKEE, 55 2 B Rk f,
R TABRHER. AHFFTPHRETHT,
FINT BIO Glu 52738, nlRRfE AR FES T
B B2s A5 26 ZIAHRAT Glu, THLT KR
FARER, FBEBET —BAERMED. 29
TN RSN Rer s T 3 IR S s =0 R Y 3 R L]
WRIRTIFERES R, RPELGSHERTIRERS
BOEACAIENESRIEAT « BIESENT
[, RPRTASFHIHSERRESEPAEET
PR, HITSRANE —BnERE, SENSIAE
FEEIEBET TR REEMS T, EHELS
WiENHSEATE™. ERERERY, HRTHA
JB — b AR B R 2R

BERETTPZAGEEHEH B HEESN B
. pITEE B o WIER—3H9, TF A B
1, 19, 21 frRE LA, B HREmIZE A #
Mm B, {F A2 1 A3 IRERE, BS54RS
BFEMEZL . EAR RS TR REERRA
FREESTAHAE NE, RGNS TR
BEPRREENWNE. ZEEEEEEETRA
BER, LR ERSHEHER—T, FAR
AW H A ARG G BT F A2,

Z % X W
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Preparation, Identification and Activities Research of [ B1I0Glu, B25-Glu-B26 ]
Human Insulin

HUAT Wen-Hui, YUAN Hua, ZHAO Rui, RU Bing-Gen"
( National Key Laboratory of Protein Engineering, Peking University, Beijing 100871, China)

Abstract [ B10Glu, B25-Glu-B26 ] human proinsulin gene was obtained by asymmetry PCR and cloned into
the expression vector pBV22( and expressed in Escherichia coli DH5a in the form of inclusion body. The target
protein was refolded in witre and purified. After lysis with trypsin and carboxypeptidase B, an insulin analogue was
purified by DEAE ion exchange and RP-HPLC. The product was characterized by MALDI-TOF MS. Circular
dichroism spectrum was studied. The results implied the changes of the secondary structure and the association.
The association of the analogue was further studied by size exclusive chromatography with a strong monomeric
property. The biology activities including RIA, RBA were assayed., exhibiting 63. 5% and 114. 4% those of native
insulin respectively. The result of mouse convulsion test indicated the insulin analogue had in vive activity nearly

the same as native insulin.

Key words insulin analogue, monomeric insulin, procaryotic expression, biology activity
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