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RILES p-H AT AR KAMER S
Fam KaX ZHR" #F7F

(FERFRMEDFRF Lx  100080)

W E ATHHSEABHE - RESHTOVIRI oA, FIHREERETRER,
WiEE AR E BB E (Leu20-Gly21-The22-Pro23-Pra24-GIn25 ) # % ¢ Leu20-Gly-Gly-
GIn25) - { Leu20-Ser-Gly-GIn25) B { Leu20-Gly-Ser-GIn25), B8 3 + RES GRABE A ER
pMCGG, pMCSG #) pMCGS, B pMCGS T REFE X B 1T 8 o =& #F, pMCGG 1 pMCSG H1 6k
UEEEMERXBEITRE AXREATFESTFE A Y. SFEQNEALNIE—&, pMCGG Al
pMCSG M RAFW AL EHE A4, B AR S BRELN, ML S OME R L&A
DEAE-Sepharose CL-6B FRIE A SHERMARC ERTHRBEAEMNEARAREE
BN SETHAR, RARENSRENTEEHEE /b, B R EEmE,

xR SBIARR, A, FHMIIE
FHOEXT Q789

EREEORMFERTESHD, pRARRE LY, X RSB EER TS
EARTEERRELIM 25% Y, ENERARMNEHHIEPHERYREAR
S, HANNENEANEEREFY _REM>, G NANENEREES
KB G Bt EEESNERT,

EXFACHNRESHYRABS I ABMNED, BEE O RERRT 24, 18
HERBLEREESRE 2 FE 0 EEER ' A 35 M 8 (Leu20-Gly-Gly-Gln25) .
(Leu20-Ser-Gly-GIn25)#1 Il ' 8-5% £ 89 (Leu20-Gly-Ser-GIn2S) FUIC A BBAY 58 — 4~ & ¥
ey P A AU VI A B85 £ (Leu20-Gly21-The22-Pro23-Pro24-GIn25), ABF R A T # A,
M FERBRENEEANTIE, YR AMEAEARU EXRAEREOBMNER S
BEX RIBHLIKEE

1 #M¥FFiE
1.1 SHEAHAN

E. coli DHSe A#EF7 W 5eBE #5246 B, BL21(DE3)pLysS b #iA i, SHEREAME
EF BB pBCAIOIAI paACS!M h A EHYEE, pRV221 N & PrPL RS TR

1.2 LBIZX
M CHR[12],

*  PEBFEREHMBIRFR,
WA A - 1997-04-14, #5 (5 H #.1997-10-06.
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1.3 EEXANRE

FR 88, T4 DNA £ DNA Markers ¥ 5 4232 /4 7] #l Promega 22 d]. T7 DNA
Sequencing Kit #1 DEAE-Sepharose CL-6B /] B Pharmacia A 8] «S-dATP ¥§ B Amersham
Ad. REFHERABHAFEARZ SN, HARARR V# 0 REE 5,
1.4 DNA B

MU LR, FOR R, PR SL R, IR B R ok, REF R E R 7 By ot
B, BB SR, R R LT SDS 2R 945 B 5 B v 9K (SDS-PAGE ) ¥ 2 FE ek [ 12,
1.5 DNA F5[H®

£ 8 T7 DNA Sequencing Kit 1B,
1.6 XEFE

BB F AN EREENT 2 ml LBIERE(SEXYEFBE 75 pg/ml) F 30C IR
FAE. KA 1% EHEHE S ml LBEFE(EAFHER 75 ug/ml), 30T HEH#E
ODgoo =0.4~0.6, FHRE 42°C, F 3.5~ 4 h, WK B, SDS-PAGE #1785 K FE &,
1.7 FETHHEEEYE

RENFENFGAEFEEEE E. coli PEZEROSHE, TEI S DWESE,
BLEB. BEHMBERSEREFEN - BEEEBET 8 mo/L KX, pH11 PBS(50
mmol/L KH,PO,, 50 mmol/L NaCl, 1 mmol/L EDTA), 30T it & 2 h, H pH11 PBS &
10 f%, 15~20C I %, B 0.1 mol/L HCl i pH F 8,15~20C,1 h /5, B 4T X 50
mmol/ L. NaCl-Tris Z8 W # (20 mmol/L Tris-HCl, 1mmol/L. EDTA, pHR.0)FE, BRI E#4:
FEAERE, FHEREA 0.1 mol/L HCILEZE pH2, 15~20C &k 2 h BB,
1.8 SFLEMERE

£ Emtage! W F 2, BERF pH X 6.0, I —ERBFEUBRLESESKY
(20% 4¥# 20 mmol/L. CaCl)iR A, 37C R 20min, — &SI RLAIAH BT 20ng B K
REEARHBEAES,
1.9 ENERSE

B HW - #3] DEAE-Sepharose CL-6B(25cm X 2. 5cm) 4 b, 5/ 0.1 mol/L NaCl-
Tris Bl BERE, 5# E 0.1~0.6 mol/L NaCl-Tris M W4T BEEIR . B 5 2 SDS-
PAGE Ik R EH K, £FENEMT 4C NG THT -20C#H.
1.10 RBRIBABREDHIIHFEEIE

EXSH Aoyagil " S H k., L0.6%BED(S 0.7% L) MERREKEN K,
T pH 2 &S T, A —EE B REALRE, 37C AR 10 min, ME Agum. LLETHH
DAy BRBRABHEEKEE .
1.11 XEaRERAET

B8 Lowry! " i

2 HRAEH

2.1 WEHFRILMFERIEAN pMCGG.pMCSG 0 pMCGS ¥R
HFEEREE, SR LA ERTREB AT DNA F B,
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pMCGG: 5'GATCTACCTCGGTGGCC 37
3 ATGGAGCCACCGG 5
pMCSG: 5 GATCTACCTCTCCGGCC 3°
3" ATGGAGAGGCCGGS'
pMCGS: 5" GATCTACCTCGGTTCTC 3°
3'ATGGAGCCAAGAGS’
HARAEN DNA h BB AR R AR (pBCA) FH VB A4 Bl 1 E
BstN I (Klenow ¥ BstN I ¥4 )8 B .
pRC4 . 5" GATCTACCTCGGGACCCOGCLCC 3
3’ ATGGAGCCCTGGGGCGGGG 57
XEER IR NEAMES RS VIR - ¥ Aikdy cDNA MEEEIFH.

K I Y L G T P P Q E

5 AAG ATC TAC CTC GGG ACC CCG CCC C _CAG GAG 3
Bgl I BstN 1

5 BEET L T HNFS
O 3% B 5 H B 7 pMCGG.

K 1 Y L G G Q E
5" AAG ATC TAC CTC GGT GGC CAG GAG 3%
@5 R EFEEIH pMCSG,

K I Y L S G Q E
§ AAG ATC TAC CIC TCC GGC CAG GAG %
Q@EFRFHA MR pMCGS.

K I Y L G S Q E

5" AAG ATC TAC CTC GGT TCT CAG GAG 3.

pMCGG W MM EEERMAE 1. - PMCSG #fl pMCGS WHIBR T A ZTHER
HFRARSN, AL RAF, DNA FHMELRLE 2, RAERBT RN L, ®F
EEATERSRE BANZEERSR, RARNE EHIRHN, XERERFE MY
U, EESM DNA FER R T REME, LA F DNA S . LR EFE HAMIEN
BglI#I BstN I, 2N 22 1%, BARMNEZEHFRAE 17 M1 14 T HE, HL
et BRI FAAEE, —RELFER 0.4kb TEFHE BstN I (i 5, FHTFEERE, &
EXRERE, ARSAREANREHRFERR, BHTREFBRHERE ). ZBE
BBEERAS BN MERRHRT B, ENFEREHEBRLSPHNERER
P, X5 BstN T K54E K55 R AE B8 BN 1 S U160 HEAR AL, 5 M B F oS 2R
T IRIE,
2.2 REEHNEAFILNHTWE

A B R BB 7E BL21(DE3)plysS i PRy RX LR NE 3, EHBH=IRETEH
F,pMCGG § pMCSG MEE KB E P EXN R, HEEA KT STFERMHELY, 4 0HK
BEAH 30% ~35%, T pMCGS NIFAERE, HH 6 MREMREFIRE I FE 4
FTEFFEHEW., PMCGS RREXRE, U TERH L pMCGG M pMCSG AR,
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5 GATCTACCTCGGTGGCC 3
3’ ATGGAGCCACCGG §
'\

4.
Pol EccRT PBC4(4.8kbX(1)

04kb —————  pCAGG(3.5kb)}(2)
0. Tkb—eCooRE, Sall i Bib))

B 1 B pMCGG B
Fig.1 Construction of pMCGG plasmid
\—__, Prochymosin gene. Mutant part. - Heterogeneous DNA fragment,

containing no BstNI and EcoRI sites

2.3 BETEXHRIKEFEHER

2.3.1 HERMRETHARERIBREMLE. BABEE pH 2 TLIE N- KRS
M EEMBRESEFSEAEHEMNBEELS. X -EHIBRAEABERESRANE
Fo HEERITERHBEES TAAAREEL, FIAX-FRE, RIUFTRERENTE
LBEEIHNITBEENER. et irBSHMEIES 77 pH 2 %4, BA sDs
PAGE MIQ# 3 B = H#fT E B, UREBERA MY TSR, R4 1
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pMCGG F1 pMCSG 5 F 4= & 5

MR —# O3 haedet =2 G A T C GATC GATC

HELEHEEEBRRELE. o "3k

FERBESHL 86.0% F T e 3 3

80.4%, 4 Bl LLEF A RUK 8.4 % 0 = ,

14.0%. = 13 .

2.3.2 EFAERRRERAHK —e  IRSE

B9 K B 7 F7 % BB DEAE- T ok 1 & 1 '
pMCGS pMCSG pMCGS

Sepharose CL-6B 3 H & F X #
Mo FRmeNEREH, SEEN

WA R AR A A AR E ST i 2 pMCGG, pMCSG il pMCGS RAEH4 #Y FF 5 5t 47
B, RALE BB Ak i 8, Fig.2 Sequence analysis of the mutant fraction in pMCGG, pM-

i B AT LUl E TR L AT R

CSG and pMCGS

pMCGG: 5’ AGATCTACCTCGGTGGCCAG 3’

W [ RRS T HIERSG T pMCSG 5’ GATCTACCTCTCCGGCCAG 3
ekt B S5 REF AR pMCGS: 5 GATCTACCTCGGTTCTCAG 3

e A o T A fS X ] 15 B

PMEAE, WEAFEE SREQRFEFECGEERTER) MR, 5&NEBIEL
AOBEFLEE IR, A A O 90% DL L, ¥R — 25 B (0. 3mol/L NaCl) TR, 5% B P Fi 52 28

B FEH ERLWFBEf S F AR

ABCDE

T
g = v
-

H3 WHHEANARTEABREERETDH
SDS-PAGE #3417

Fig. 3 SDS-PAGE analysis of the expression pro-
ducts of the wild-type and mutant prochy-
mosin genes in E. coli BL21 (DE3) plysS.

A lysate of cells harboring pBV221 ( containing no prochy-

mosin gene)

 B:lysate of cells harboring wild-type prochymosin gene

C: lysate of cells harboring mutant gene pMCGG

D:lysate of cells harboring mutant gene pMCSG

E:lysate of cells harboring mutant gene pMCGS

M4 HERAMREFAMBEI GG L™
MRk R

Fig.4 SDS-PAGE analysis of activation product af-
ter renaturation of wild-type and mutant
prochymosins

a. pMCGG mutant prochymosin after activation

b. pMCGG mutant prochymasin before activation

¢. pMCSG mutant prochymosin after activation

d. pMCSG mutant prochymosin before activation

e. Wild-type prochymosin after activation

{. Wild-type prochymosin before activation
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ZEULERAFTASRTLE D, WA EEE pMCGG # pMCSG AT BB 5
B AEAMSELUN S F.
2.4 REMNBIFILBAELITH
o} A0
BRIABEFRAELE
#—EHRHaUE ~BES
411f) Phel05-Met106 fY Jik 88, X
REHBEARV > FEM, 5 —F
FEAE R RrE L 1 B BB BN K AR R
R — . AfEMA. EARERESFEBRER
0 50 1000 1500 2000 2500 3000 TRERIBIGES KB, Ru[EELL4
Eluation volume,/ ml mARETHHES AN
E,BERREEN LTS
B s WAERAREREAMIREG DEAE Sepharose CLEB AL 4 ot i ont e 46 XT BRI REAL A5 4E
Fig. 5 Fl;ffmtography of wild-type and pMCGG, pMCSG mu- %ﬂﬁjﬂfd‘bﬁ’ﬁ%‘f&ﬂ‘]—ﬁ*?j‘ﬁo R
tant prochymosins on DEAE Sepharose CL-6B column Ub, FAI A A3, B B U
o [NaCl] WT PMCGG imlE Tk BREALRRED
————— pMCSG EHHEEERKREEONZN
¥ZH. AX1HAFX290, R
EMEEAMLEALEEAE TR ABRESHENATRT, BKBLEDEREE.
BAMBTRLEREABEE RIBECHN =BT M 5H, IXMWEH 101 ¥
AEFEEE,FR). EXHHAHMENE -1 p-FA. ULGERBUREINHR
MITEEWAK BB FXRHEEORALNE BERHR2XH, RIMNE T
T.L.Blundell"S! S0 0 At R A BEA S 5 N - HAFITRE, RURTHREEENER
8, S BEATA RSB EATE, SRNTEBINERERL, HAX
B4 p AR e BB T EEEEEA.

¥1 FEDORTREBILMWOLEZ N

Table 1 Specific activity using milk substrate of the wild-type and variant psendochymosing

e 2 9 ©
W Y 1 o

concentration / mol+ L™
o
(=]

3X Az280mm OF NaCl

e
-

[}

WwT pMCSG pMCGG

Specific activity/u*mg ™! 41.66 0.57 2.29

%2 FEUORTERNBAMBRONIEDHFEN
Table 2 Kinetic parameters for hydrolysis of casein by wild-type and variant psendochymosins

wT pMCSG pMCGG
Km/g-L™! 8.33 8.33 8.33
scat/ min ! 49.38 8.16 1511

wcat/Km 5.93 0.98 1.83
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Construction, Expression and Characterization of Calf Chymesin $-Turn Mutants

Li Hongye Zhang Yuying Dong Yicheng® Yang Kaiyu
(Department of Enzymology, Institute of Microbiology, The Chinese Academy of Sciences, Beijing 100080)
( Institute of Biophysics, The Chinese Academy of Sciences, Beijing 100080) *

Abstract To elucidate the function of -turn at the second B-hairpin of chymosin, the type
VI B-turn {Leu20-Gly21-Thr22-Pro23-Pro24-GIn25) was substituted by cassette mutagenesis
with { Leu20-Gly-Gly-GIn25 ) ( Leu20-Ser-Gly-Gln25) or (Leu20-Gly-Ser-GIn25), three
mutant plasmids pMCGG, pMCSG and pMCGS were thus obtained. Except pMCGS, pM-
CGG and pMCSG were expressed in E . coli at the levels comparable to that of the wild-type
prochymosin. Like the wild-type prochymosin, mutant prochymosins could be activated into
pseudochymosins by autocatalysis, and exhibited a similar behavior on DEAE.-Sepharose CL-
6B column. However, milk-clotting and casein-hydrolysis activities of mutant pseudochy-
mosins were lower than that of the wild-type one. These results indicate that mutation had
little effect on prochymosin refolding and great effect on catalytic activity of pseudochy-

mosins.

Key words Prochymosin(chymosin), f-turn, structure and function
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