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Abstract The synonymous codons are used in a highly non-random manner in hosts of widely divergent species which is
termed’ codon usage bias” . Several reports suggest that codon usage bias sometimes frustrate attempts to express high levels of
exogenous genes. In this study we attempted to express mature peptide of human bone morphogenetic protein-7 hBMP7  with
optimized codons in P. pastoris expression system. Three low-usage ARG codons CGG or CGA of gene fragment coding the
mature peptide of hBMP7 have been successfully converted into P. pastoris-preferred ARG codons AGA by overlap extension
PCR-based multiple-site-directed mutagenesis for a high level expression of hBMP7 mature peptide. The present results showed
that the production level 25.45mg/L.  of codon-optimized hbmp7 had a remarkably improvement of 4.6-fold relative to that

5.5mg/L.  of non-codon-optimized hbmp7. Furthermore a strain haboring multi-copy of codon-optimized hbmp7 expression

cassette was screened and showed a increased level of expression with 2-fold more potent than the single-copy one. The
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recombinant hBMP7 mature peptide were produced as a 18kD monomer proteins

and were easily purified from culture

supernatants by using ion-exchange chromatography. Functional assay demonstrated that thBMP7 could induce ectopic cartilage

formation although its inductive ability was much less active than CHO cell-derived hBMP7.

Key words  human bone morphogenetic-7 hBMP7  Pichia pastoris
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Table 1 Primers for site-directed mutagenesis of hBmp7
Primer Sequence
A 5'-TTATTCGAAGGATCCAAACG-3’
B 5'-GGCATTCTGACATCCTCTT-3"
1 5'-TTGGCCATTCTCAGGG-3’
J 5'-GCCCTGAGAATGGCC-3’
K 5'-AGCCCAGGTCTCTGAAG-3’
L 5'-CTTCAGAGACCTGGGCT-3'
M 5'-CAGGCTCTGACCACCAT-3’
N 5'-GGTGGTCAGAGCCTGTG-3’
pyrobest pBluescript [I KS
+ -hbmp7 hbmp7

7UP 5’-TCCACGGGGAGCAAACAG-3’
7DN 5'-CTA GTGGCAGCCACAGGC-3’

pPICOK  Snab [
pPICOK- hbmp7/ori
OE-PCR
hbmp7 22
CGG 48 CGA 133 CGA
AGA
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The strategy of multiple-site-directed mutagenesis of

Fig. 1
coding sequence of mature peptide of hBMP7 using OE-PCR
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2 hBMP7 3
Fig. 2 The mutagenesis of coding sequence of mature peptide of hBMP7 for the three ARG codons
A The relative DNA fragments in the mutagenesis by OE-PCR 1 ~7 Al 363bp NB 150bp LB 405bp JB 485bp AM 696bp AK 443bp
7UPDN 420bp M DNA marker B The three ARG codons in the original/optimized sequence.
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Fig. 4 Western blotting analysis of culture supernatant
A Western blotting analysis of culture supematant 1  culture
supernatant of G/pAO815-mut/1 2 culture supernatant of G/pAO815
B Western blotting analysis of culture supernatant from G/pAO815-mut/1

under reduced and non-reduced condition 1 Reduced condition 2 Non-

—20 Reduced condition.
—14
G/pAO815-mut/1 20pL.
3 thBME7 Western-blotting 18kD hBMP7
Fig. 3 The effect of favored codons of Pichia pastoris 4 A
on the expression of the mature peptide of hBMP7 thBMP7
1 culture supernatant of G/pAO815-ori/l 2 culture supernatant of G/ ZOP'L
pAO815-mut/l 3 culture supematant of G/pAO815 M standard rthBMP7
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Fig. 5 Time course study of mature peptide of hBMP7

5 rthBMP7

secreted from Pichia pastoris and partial purification
through ion-exchange chromatography
A 1~5 Culture supernatants of G/ hBmp7 /B2 from day 1 to day 5 after
methanol induction C  culture supernatants of G/9K as control M
standard protein molecular marker B 1. partial purified thBMP7 through
ion-exchange chromatography 2. Culture supernatants of G/hBmp7 /B2

M  standard protein molecular marker.

7 7d
7pm
HE
6 A
6 B
6
C thBMP7
BMPs
rhBMP7
hBMP7

6 1pg thBMP7

Fig. 6 Histological examination for mouse muscular pouches after implantion with collagen complex contain 1p1g mature

peptide of thBMP7 HE staining x 200 arrowhead cartilage cells *

collagen complex

A formation of cartilage cells induced by 1pg thBMP7 derived from CHO B formation of cartilage cells induced by 1p1g mature peptide of
hBMP7 derived from Pichia pasioris C negative control induced by C@%ﬁmﬁ%i#%ﬁﬁ SERERTIRES4EEER http:// journals. im. ac. cn
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