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Gene Cloning and Expression of Rhizop us oryzae a-Amylase

LI Song, WANG Zhengxiang’
(School of Biotechnology, Jiangnan University, Wuxi 214122, China)

Abstract: Based on Rhizopus oryzae complete genome sequence published by Broad Institute, two
1389 bp gene sequences coding a-amylase were cloned from two R. oryzae strains. Sequences
alignment indicated that there was no intron existed in the two amylase genes, and the two genes
have a similarity of 95.54% and the similarity between the gene products was 97. 84% . T he gene
products belongs to the amylase family 13 and have four classical highly conserved regions that
observed in most aamylases. Recombinant plasmids for expression of the cloned aamylase genes
were constructed based on the plasmid vector pET-28a (+ ). aAmylases displayed higher
expression levels in E coli BL21 ( DE3) codon plus strain, the aamylase activity were achieved at
1.3 U/ mL and O 5 U/ mL, respectively. One of the aamylases was purified through Ni affinity
column and subsequently used for hydrolyzation of ( potato) starch, and there was approximately
10% glucose, 74% maltose and negligible maltotriose or other oligosaccharides remained in the
end-products.
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Tab. 1 Strains and plasmids

R. oryzae CICIM F0071 CICIM-CU"
R. oryzae CICIM F0072 CICIM-CU
. end Al, recAl, gyrA96, yhil, hsd R17 (rle, mk+ ), relAl, .
E. coli M 109 sup B4, A (proAB, lac), F (proAB, lacl", lacZAM15), traD CICIM-CU
E. coli BL21 ( DE3) =, ompT, hsdSB (rB-, mB-), dem, gal, M(DE3) CICIM-CU
E. coli BL21( DE3 codon plus) F, ompT, hsdSB (1B-, mB-), dem, gal, M(DE3) , arglU il CICIM=CU
eY, leuW
pET 28a (+ ) Kan™, CICIM-CU
pET28 RoA my(1/2) pET28a (+ ) Ro Amy1 RoAmy?2
a.Amp": ; Kan' ; b. ( CICIM-
CU, http: // cicim-cu. jiangnan. edu.cn/) .
112 BHXRAFEARLMH LB 1 g/dL 113 £%&X#A PCR
NaCl, 1 g/dL ,0.5¢/dL ;LB DNA :
L 5¢g/ dL LB Qia
:LB gen & (20000 U/mL):
) IPTG  X-gal ,
100 g/ mL( 20 Bg/mlL) 40 Hg/mL 40 Hg/ 1.2

121 FKBREFEIKR DNA 4942 {4 DNA &
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NEHE A DNA BB EE HBFLS THRE R
SDS-PA GE [ 12]
122 ez ARG PCR ¥ 3
- (Broad Institute)
R. oryzae (www. broad. mit. edu)
Forward: ( 5~ATTGGATCCGT GCCT G-
CATCAA3)
Reverse: ( 3-CTGAAGCTTTTTCTTTT G
GAATATGG-3)
DN A ,
ExTaq DNA &
(RoA my) 0.2 mL PCR
:94 C5 min; 94 T 305,54 C 1 min,
72 ‘C 2 min, 30 ;72 C 10 min PCR
DNA PCR
Qiagen PCR

123 aXhEARERMATA T LA

10 mL LB ,
20 Hg/mL 37 T 200 r/min
12 h 1% 50 mL
(250 mL ) LB ,
(O Dsoo) 1.0 IPT G, 0.8
mmol/ L s 30 C
10h 50001/ min 4 C 5 min,
10 mL -
(0 2 mol/L, pH 5. 0) ,
SDS-
PAGE ,
124 aiBslisiE)ne 1 mL
(lg/dL) Q25 mL -
(0. 2 mol/ L, pH 5 0) ,50 C 5 min
0.1 mL & , 10 min
0. 1mL (01 mol/L)
DNs ™
DNS
& (u)
; 1 mg
125 olisedshik
(20 mmol/L) — (05 mol/L) — (25
mmol/ L) , Ni ( HisT rap

HP, GE Healthcare) R

12 6 ZAERAER Sk &&= n AT pH S50
1 g/ dL .1
mL 0 2 mL (10U),
40 C ,
HPLC Agilent

(ZORBAX NH2,4. 6 mm %X 250 mm, 5 Hm) .
65% ,

1 mL/min,

21 &
CICIM FO0071 CICIM
F0072 DNA , PCR
1 386 bp , 1,
RoAmyl  RoAmy?2
T~ pM D19-simple,
: 95 54%, RoAmyl
, RoAmy?2 41 ,
4 37 RoAmyl  Gen
Bank : HM 234170
M 1 2

Lane M: (ADNA/Psil; Lane 1: RoAmyl. Lane 2: RoA my?2.
1 &
Fig. 1 Amplification of the & amylase gene from R

oryzae
DNAMAN G O
(462 )
2 97. 84%,
RoA myl , RoA my2 10
Ser* Asn, Val” ~

—

Ala, Ser'” - Thr, Thr'® - Ile, Alrg163 Thr,
Asp”l_) Ser, Asn'” "~ Thr, Val™ - e, 11 -
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Leu Asn®” Lys, .5 c 3
A L4 B .1
Ral MESFLALLCSVFLLPLYVOSVPVIERAS ASDWENRVIY QLLTDRFAES TDD TN GCSN LD &0
RaZ MESFLALLCSVFLLPLYVOSVIVIERAS ASDWENREVIY QLLTD RFAES TDD TN GCalN L 5D &0
Ral YCGGTFUGI INHLDYIAGHGFDAIWISY IPENVNGEYHGTWASDFAQINEHFGTADD LEK 120
R4z YCGGTFIGI INHLDYIAGHGFDAIWISP IPENaNGGYHGYWACDFAQINEHFGTADD LEK 120
Ril LAl sHARN MY VM LDVVANHAGT PEAGGDYSGY TFGOS SEVHRACD INYND QN SIEQCWI 150
RAZ LVAL AHAFN MY VM LDVVANHAGL P3SGGDYSGY TR0 SEYHCACDINYNSQE SIEQCWI 180
Ral SGLPDINTEDSATVIKLN S IVEGWVADY GFDGLEIDTVEHVEEDFWDGYVIAL GVFATGE 240
R4z SGLPDINTEDSATVEELN S IVEGWVAEDY GFDGLEIDTVEHIFKDFWDGYVIAL GVFATGE 240
Fil VLEGDVIYVIPYOOHVPS LINYE LYY PVYDVFTESRTM SRLSS GFADIENGHFENID VLY 300
Riz VLAGDVIYVIPYOOHVPSLINYE LYY PVYDVFTESRTM SRLSS GFADIENGHFENID VLY 300
Fal NFIDNHDOPRLLIEADQS LYFNALAYIFMVOGI PVLYY GTEQS FEGGNDPNNEEVLUTTG 360
R4z NFIDNHDOQPRLLSEADQS LVENALAYSFMVOIGI PYLYY GTEQS FEGGND PNNEEVLWTTG 360
Ril TETTRDMYEFVTT LVEARKGSNS TVNHG TAQTD NV VFQRGES LVVVNNYGOAFSTNTITV 420
R4z TITTSDMYEFVTT LVEAREGSNS TVNHMG TAQTD NWYVF QRGGS LVVVNNYGQGFSTNTITV 420
Ral FAGSFANGD TLTD VFSNESVTVONNQITFQLON GNPAT FOFN 46z
RaZ FAGSFANGD TLTD VFSNESVTVONNQITFQLONGNEPAT FOFR 462
2 e
Fig.2 Comparison of amino acid sequences of RoAmyl (RA1) and RoAmy2 ( RA2) from R. oryzae
B NCBI : 124
s
g
(=} 2
& .
= 13, ( N-terminal)
=]
'g 8 (¢35
] o/B (Pfam00128),
% (G-terminal)
§ (Pfam09260) ,
a , 4
3 RoAmyl RoAmy2
Fig.3 Ribbon diagram of RoAmyl (a) and RoAmy2 Plamialos Eiamosan
(b) produced by Swiss-PdbViewer 4 0. 1 based 4 RoAmy
161
on TAA Fig.4 Amalysis of the domain architecture of RoAmy
22 & 23 &
’ BamHI HindIIl pMDI1¢%
(RoAmyl) RoAmyl, pET-28a (+)
4 BamH1  HindIlI , E. coli
. 135 77 - 140 .
" . Region I ( Asp —1;13915 )z,mﬁeglon I M 109 pEE
Asp”-His™), Region III ( Gly”=Ser™ Re-
(Asp 3())2 g307 (Gly ) RoAmyl, 5 (a) N col
gion IV (Phe —Asp [11—5 16] W ’ 55kb L2 kb
Region I Asp™, Asn’ pET
His' Region II, Region III  Re- , ,
- 8 Ag w1 RoAmy1 E.coli BL21 (DE3)  E. coli
ion sp”, u
i o P BL21 ( DE3) CodonPlus,
sp’
pET=-RoAmy?2
2 , RoAmyl RoAmy2

4
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(a) Map of pET-RoA my; (b) Verify the recombinant plasmid
pET- RoA my. Lane M: (ADNA/Pstl; Lane 1: pET-RoA my/
N col
5 PEF RoAmy(1/2)
Fig.5 Construction of plasmid pE'F RoAmy

24 &

pET2& RoAmy (1/2)
pET28a ( + ) E. coli BL21 (DE3)
E. coli BL21 (DE3) CodonPlus ,

IPTG
E. colt BL21 (DE3) CodonPlus ( pET-28a (+ ))

?

&
(SDS-PAGE) 3
0. 5¢/dL LB ,40 C
10 min
, 6 E. coli pET=-RoA my1
pET=-RoA my?2 ,
, & ,
RoAmyl RoAmy2 E. coli BL21
Q7 U/mL  02U/mL, E coli BL21
(DE3) CodonPlus 1. 3 U/mL
05 U/mL
E. coli BL.21 (DE3) CodonPlus
SDS-PAGE
, 7
E. coli R
, SDS-PAGE
SDS-
PAGE , 48 000,

7, ( 48 700)

C RoAmyl RoAmy2

RoAmyl: pET-RoAmyl; RoAmy2: pET-RoAmy?2; C: pET-
28a (+ )

6
Fig. 6 Detect the & amylase activity of cellular fragment

of E coli recombinants on starch contained LB

plate

M 1 2 3 4 M 5

200
150
120

100
85

70
60
50 [N

40

25

M: molecular mass marker; 1: host control; 2 pET-28a
(+); 3 pET-RoAmyl; 4 pET-RoAmy2; 5: purified
RoAmyl
7 SDS PAGE
Fig. 7 SGSPAGE of cellular fragment of E coli BL21
(DE3) CodonPlus recombinants

2 5 RoAmyl c3
RoAmyl
HPLC , 2 ,
RoA myl , (2h)
(12h),
12h 10% ,
74% , ;
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RoA myl ,
2  RoAmyl e
Tab.2 Analysis of end-products formed by RoAmyl and commercial fungal &-amylase on potato starch
/%
3 2 W 12 h
Gl1° G2 G3 G4 Gl G2 G3 G4
RoAmyl 10+2 60%3 5+ 1*1 143 7412 ND d ND
o 18£1 48+3 6F1 ND 46+3 21%2 9] 211
a: % = ( / )x 100% b: 2h 12 h c:
Gl G2 G3 G4 d: ND HPLC
E. coli DE3 , Ni
3 & i
RoAmyl RoAmy2 E. coli BL21(DE3)
" 0.7U/mL 02U/mL
4 2
13 95 54% , 97. 84%
| 41
’ , 10
. . ( A(C5 ) B(4 )
(Trichoderma viride) & )
(42 8%) ' '
(Aspergillus oryz ae) &
36. 4%
(RoA my1) '
RoAmyl E. coli
. 48 000
’ & » RoAmyl E. coli
* (Arg) (Pro) (Leu) (1le)
, [18]
4 '
’ RoAmy  E. coli BL21(DE3)
, &
’ ’ E. colt BL21 ( DE3) CodonPlus
& ’ & RoA my,
) , ( 1.3 U/
60% ' & mL), RoAmy
T4 %, E. coli
& s s RoAmy SD
mRNA mRNA E. coli
& R E. coli
[19- 20]
IPTG RoA my &
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