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CLONING AND HIGH EXPRESSION OF NATTOKINASE WITH AN EFFECTIVE STRATEGY
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Abstract; Computer program DNASIS was used to design the site-directed mutation for oplimizing the expression of nat-
tokinase in E. coli. The secondary structure of the TIR (Translation Initiation Region) is a determinant factor for transla-
tion initiation rate, meanwhile, codon preference plays an important role, too. According lo this two principles, 3 sites
at the beginning of the open reading frame of nattokinase gene were definitely changed 10 T, and another 4 sites randomly
changed. Then computer program DNASIS v2.5 was utilized to analyze the total 16 TIR sequences resulted from the com-
bination of the 4 mndomly mutated sites. Six sequences with the top level of free formation energy (AG”) were chosen
for subsequent cloning. By PCR using synthetic primers containing the 7 changed sites described above, 6 nattokinase
gene were amplified and cloned to pET-3c respectively. BL21 (DE3) cells were transducted and induced 1o express
recombinant nattokinase. Three high-expressional clones were obtained , indicating that computer program-aided design
for optimizing expression of foreign genes in E. coli is useful.
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BIFRAEXEEANESEEGFE T LTI — BN EERA AT EEEHNX
o, HROEM RS AEEEARRKE. it TR XEK cC SRS ER -
REMDTRE, HHERREEERMAELS, BRERERE" . b, KBITE5H
HRENEER T AE-E0MrtE, FRARRFNEDTARTRERANEE, G 1
A, BT ZRAHE R4S 5° SR FEFIHAT T80, HERABEEAR
k2. N

1 BEERZE

1.1 ##

1.1.1 B ¥k 5 FAL: JiB pET-3c 5 A8 BL21 (DE3) B8 Novagen; #i &l
( Bacillus subtitis) HHEHEMTRPRFSEY T EBEREY T ERRSIHEHE, Lh
FT# DHSa th R #1F

1.1.2 THESEM: REtEAE. ™EHEE. Taq HYWA NEB;, HAHA4 F&
PrMERY B Pharmacia; Bikiglifb. PCR Zlifh. YIEiAitbilA &8 H QIAGEN,

1.2 A&

1.2.1 AEEHBEEEY] DNA MRE: RESo (2] My,

1.2.2 MEHMEEMNY 5% 1 #5 genebank (www.ncbi.nlm. nih. gov) 2 fit 89 /5 51
HERCE 3T P BB AT . B33 S ' > ATCT CATATG GCG
CAA TCT GTT CCT TAT GGC <3 ', RIZkHE 4 Iy Nde T BEI{7 5 FWS[H: 5 ' > ATCG
GGATCC TTA TTA TTG TGC AGC TGC TTG <3 ', HPRILHA N BamH T . LIME
FAEE A DNA AT 1, &4 :94°C ZHE 4 min,94%C 30 5,60°C 30 5,72°C 305,33 4
HiEF,72°C FEAH 10 min, VI S PCR 724, Nde 1 5 BamH 1 735158 Y] PCR =¥ 5
pET-3c, 3 2B IR HEHE , 16°C 30 min, ¥ {0/RT S 41 DH5q, BT 5,

1.2.3 S REF DT RITERN M 5 WmAHEI 20 MEAR (BEk
RET) MBS, FETEIVEEMEREEA AT UMK CC S8, K
AR BRI R E ST (SRS www. kazusa. or. jp/codon FIHEIT ), XHE—
LB T 7TAMEs, R 3ANEEFAT, HAA 4 MARH AR TR T HBT
HREE, MHEGNFNERNEDFA 48, CNAERSEIH KB EE R %NEES K
fEHMEIFIHR 16.4% (GCU), 20.6% (GCA), 24.9% (GCC), 32.0% (GCG), B,
ERIEFEHHE GCC MK GCA, HRIFHOREI TR, RITEUHASKEISAHTER
e, HERM ARSI ARREER, —F 4 MRBEMS, K53 16 #AM
MFFIHE A, FHBLET B3I T . 5> ATCG CATATG GC (AG)' CA (AG)* TCT
GTT CCT TAT GG (C—T) ATT TCT CAA ATT AAA GCG CCG GC (AG)® CIT CA (G—T)
TCT CA (AG)* GG (C—=T) TAC ACA GGC TCT AAC GTA AAA <3, Hd, RIZFH
Nde 1BBUIGISR, E#r 1. 2, 3. 4 b BIERTSI A BRI, —3L488] 16 £519, &
B NK B:HAEHERF P 90 1 REIER TIR MR, H B 30 MaE R RE
pET-3c FHIEE S, T 60 MRENSEE WA SIS TS, FH RS H MmN K
4 DNASIS Xf TIR #47 RNA " RESM AR, BAT 6 MEMEBEAEE (A d B HLE
AN) #5818, BTk, HEB T ESIY: 5 > ATCG GGATCC TTA TTA TTG TGC AGC
TGC TIG <3, HPRIZLI/3 N BamH 1 154,
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1.2.4 ROHMEANZEMERE: LU NK ZHEH PCR =Y (1.2.2 05Y) iR,
SRR 6 ZRESI YRGS ILRIKT MW7 ¥, £4F 1.2.3, Nde ] 5§ BamH
I 2 BIXE§Y] PCR =¥ 5 pET-3c, FHiKSFEE/RILERE, 16C30 min, LR Z LA
DHS«, BEVIEE)E, HEA FHAL LR BI21 (DE3),

1.2.5 EHAPTHMBHEALAGLEE.: IREA FERASIE, KO 1%F%EE 20nL LB
HEFED, BRE 0Dy =0.2, I IPIC TAWKE lmmol/L, KLEIEIE 4 h, BOKRER
&, BEAERE, BEW, SDS-PAGE Mg EATY.

1.2.6 EHEE: RAGEEQTRENCATHBENE. KT8 EAE, BnEH
IS H RGPS R EO TR, S 10uL HBEMBFHRE, 37CREPHT 18h,
BREEREEE, HEGRANTEE.,

2 &5

2.1 TRAHER

BAT IR RIEAT DNASIS 3 4 A #E RERE LK 16 FARA S FrE B F 71 L &
RGP AT RSO, JFHEREABAMMER, SR0NE LR (BEF
F)i1 AG’ 5-18.3keal/mol) . BRI A RN 5° SR BT FLIRT#E 2 pET-3c Bk EA—B

3
1 NKEESHE TR 4 M AFFAREASH AN 16 HEFETR AG' (keal/mol}

45 il a6 K fL AR bt fir s AG°
No. 1 AAAA -18.0 No. 7 GAGA -18.3  No. 13  AAGA 20
No. 2 AAAG -18.0 No.8 " GGAA -18.3 No.l4 AGGA 2.0
No. 3 AGAA -18.0 No. 9 GGAG -18.3  No.15 AGGG 2.0
No. 4 AGAG -18.0 No. 10 GGAA <183 MNo.16 GAGG 2.3
No. 5 GAAG -18.0 No. 11 AAGG -21.6

No. 6 GCAAA -18.3 No.12 GGGG -21.9

/¥ %]: ATAA TIT TGT TTA ACT TTA AGA AGG AGA .
TAT ACA T CAT, RATJHAT S # EMeEAEXE/ TG w ! 2z 3 W
HEENFHILLE—FFTREERGFFEIT 59340
FEAKXBEITFH BL21 (DE3) #7%E (R 1.
2.2 BHMEENYTRSRE
AR A AR, PCR VMG, 1.0% 1
HilsE R Tk, 24 820bp AbRI W—HA B &4, SHii
Y ANMIYI A KA pET3c BiA S, UL E,
BARBARNEH (B 1),
2.3 NKEAMRTESRE
X NK B9 PCR P H#4R, No.1 E No.6 HELFR

FIHHIMIT PCR I8, YA pET-3c Bifkop, Mypir=gy | [B1 K ERW) MIR

25 820bp (A 2). 0.9, 0.8, 0.7, 0.6, 0.5kb %), 1
NKEE PCR /=%, 2 pEI-3¢e-NK/
2.4 BEEFEXBAATHORE BamH1+Nde'l, 3 AAEHF#EAS

BIPICES#K 4 h /)5, SDSPAGE 3k, % ¥ DNA, M2 JDNA/Hind NI Marker
No.3. No.5. No.67E 27kD Ab1§# —BH B4, Hmg (P 040343, 23,200%)
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W TFRANIE. HEARSREN, K&
BN HEEEAN 2%, 9% 18%, HAE
HFHAELEERE (B3),
2.5 EMNE

A% S pET-3¢ Z= # ka9 BI21 (DE3) 3
RHCHBAYEXHE, KRBHEAPE, MEFER
BBV HYEXT R, GEBEYIE, No.3, No. 5.
No.6 HIHIH A EETENE (B 4),
B2 NKEANELSRRE 2.6 FENHH

3'.&:%??’?: mﬁ‘f;;_’;?gg%é}%nm 34 &IEFERE L PCR 5| AR RAEFF)

+Ndel, M2 ADNA/Hind Il Macker (23, 9.4, (Jif 20 NMEAEMMSHOBFF) WT, MEHIH

6.5, 4.3, 2.3, 2.0kb) SRR, NK BHEMHE A4 7 GeneBank P
®"ig:

No.3: ATG GCA CAG TCT GIT CCT TAT GGT ATT TCT CAA
ATT AAA GCG CCG GCA CTT CAT TCT CAA GGT TAC
ACA GGC TCT AAC GTA AAA;

No.5: ATG GCG CAA TICT GIT CCT TAT GGT ATT TCT CAA

" ATT AAA GCG CCG GCA CTT CAT TCT CAG GGT TAC
ACA GOC TCT AAC GTA AAA;

No.6: ATG GCG CAA TCT GIT CCT TAT GGT ATT TCT CAA
ATT AAA GCG CCG GCA CTT CAT TCT CAA GGT TAC
ACA GGC TCT AAC GTA AAA.

3 i

Bl 3 ZiAF=4 SDS-PAGE LIk R —
ABHNTHEE 275 A ERR, TR
R ANIIRATIRR  STb R M TR, B B4 55 29

M EAREAE (97, 6. 45, 30, 20, 14.4kD) MEEBKESEN 77 M EERNESKE
275 A EABR A R AR, B AL
S A\ HGEAE KB BRI RETH
SRR, FEEBSAYNEETHNE
WEMMAER, HERENKH 275
HEMA BN THE, RIRAT
BERSLOKBRFERERE BL21
(DE3) -pET-3c HE:R A THECHMEH
BBHR ., HEY, BERENE KNS
BmSEAE, KLHAB ™Y, mERTE
| Nes S 2 BHERTEL 3 Ne.s LR, DHS«-PBV220 R EHESFRER G T NG
4 No6LiEE. S A AREEE (BXELR), AARIEE

44 5 ¥ B8 IF 1 i5 5 & BL21 (DE3) -

M4 WETHIEERM

pET-3¢ RHPEE.
—BARIMEERE KB AP EABRER FRET TR KK, XEHTIH
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FHA—SEREOEH, . SDFY, BIEHHF. UEIMEES ., #FEHA
AN TIR X B i AE4E X (L RFHE AN 1. dkcal/mol, BEIBYBHIREB RS T 10%°, B
72 TIR BIFEE % T 88 3, Ganoza A MR I RBFEI T E T U 70 MEEITFMHRN
Y, HEBAFRPEHEEEF LGRS RAFEY, 22k, RITHES
AL ATG THERFF], HR RRAEER T 60 (B) 20 MEKELR) TR, FNRIT
WEEAFEFHMTE, ABFEREERTHEESERRE™EG R, mRNA K
HFFEC, BFEAL, MBERTSY, £ g, RITERRK 6C 58K
By, RERAKMTEMENERT,

AR PR No.6 B 8 BIRE S EIRIFFIHIR 88T 5 BET MK, [EEKRERN
AFFIPUESEZ, SHEMMBRISEFR RS2 —%, TaEEH T TIR ABMEE
HOATRE SRR AR B, JERE KM —ResH, 8l ritE N rE,
I A #B38 XE TIR §8 BT RASE D Bl i ml &t

& ® X W
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