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patented in China, and it encoded a protein with strong insecticidal activity against certain lepidopteran insect pests, such as
Chilo suppressalis. crylAhl gene is exhibiting good application prospects. In order to improve the expression level of
crylAhl gene in rice, and investigate the effect of codon usage preference of gene expression, we designed five different
optimized schemes for crylAhl insecticidal critical fragment in accordance with bias of rice codon, to improve G+C
content, removed the shear signal and unstable factors. Optimized cryl4hl genes were transformed into Escherichia coli
Rosetta (DE3) respectively, and 65 kDa polypeptides was expressed normally in inclusion body separately. All of these
expressed polypeptides showed insecticidal activity against 2nd-instar larvae of Plutella xylostella and neonate of Chilo
suppressalis. After transformation with modified crylAhl genes into Var nippobare, the transgenic rice seedlings were
detected by PCR, the positive rate containing target gene was more than 87%. Afterwards, the results of real-time RT-PCR
and ELISA assay indicated that the highest expression level of five modified cry/Ahl genes was that using the highest
frequent codons. Average expression amount of CrylAhl polypeptides was 0.104% of total soluble proteins from the

positive transgenic rice.

Keywords: cryldhl gene, Oryza sativa, codon optimization, Real-time PCR, ELISA
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Table 1 Strains and plasmids

PEH AR ST
1 #MREFE
1.1 #y

111 BERFIERL

AR ST ) TR AR T BORL WL 1
1.1.2  whelFnHH)

T4 DNA #H: . BRI N VIR . Ex Tag i |
M-MLV RTase ¢cDNA Synthesis Kit 52 %% 51877 &
W HREEEY TERARAHE,
Plant Kit #H %) B RNA #2541k ik 7 & .
RealMasterMix I { K\ 7] .BCA Protein Assay
Kit AI PSR e iR & . P SF ELISA
FRA R A HE A F . CrylAh Pk AL
E il

RNAprep pure

Strains and plasmids Characterization Resource
E. coli
F', ompT, hsdSg (Rg” mg), gal dem A (DE3 [lacl, lacUV5-T7 .
IwiseiE (IDIER)) gene 1, ind1, Sam7, nin5]), pLysSRARE (Cam’) Ll (15
TM109 rpsL (str'), thr, leu, thi'l, lacY, galK, galT, ara, tonA, tsx, dam, This lab

Agrobacterium

dem, supE44, A (lac-proAB)/[F’, traD36, proAB, lacl'ZAM15]

Fujian Provincial Key
Laboratory of Genetic

LBA4404 Sm’, Rif* Engineering for Agriculture,
Fujian Academy of Agricultural
Sciences
Plasmids
pMD19-T vector lacZ operon, Amp', multiple cloning site TaKaRa
lac operon, T7 promoter, multiple cloning site, His-Tag,
pEB1Ah1 HSV-Tag, lacZ start codon, E. coli promoter, modified This study
crylAhl (64 nt-1998 nt), Amp"
pUPTn Ubiquitin promoter, multiple cloning site, Tnos Fujian Provincial Key
i . Laboratory of Genetic
pCAMBIA1300 CaMV35S promoter, Hm', polyA, multiple cloning site Engineering for Agriculture,
E iquiti i Fujian Academy of Agricultural
pCAMBIA1300UAR CaMV35S promoter, Hm', Ubiquitin promoter, modified chences y g

crylAhl (64 nt-1998 nt), Tnos, polyA, multiple cloning site
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FREMEAF R, RERbS X i 5y U115 5 DL R
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A I ALE 3L 1959 bp 1% E pEB
BIAMHE pEB1AR] Bk, 27 % E R LR
J% AT Rosetta (DE3) T,
123 BEREFNEERES

FOREMRAE IPTG 97 1 mmol/L,30 C |
150 t/min B £544 Fi%S 16 h*°), SDS-PAGE 43:-#r

A SAERT A, FIH MaBiophotonics
Image J BA4XF H & FE .
1.2.4 FHEEHNE

FREL 3 g /INEMN ThkL (RSLER M%),
B H B AR R 5. 50 pg/mL AU EERS BEFEA
Tkl BEEEREREE 3 AR, BAEE R 30 k&
2 IR BUFI I/ NSRS B, BT 25 CHEIR KT FRAH
o, GRS N 12 1 12 (L/D), 48 h JE KA Th di%k .

FREC 10 g 7K AR T AR (RO
PRk fa s Uz S 40ty , F B AR 5.
50 pg/mL PR EERRBEPEAGDRL, BENEERBREE 3
ANFIL, FAEEEE 30 SV HURF R KR
fRSELy e, BT 25 CHERE IR T (RS,
7 d JE kA i AR
1.25 KAgHMERKL

KA HAHE Var Nippobare Wigt A& Ak 4
FHEA AR B AR 515 T REE 5 S0 = 56 A
KH Ubiquitin®*7 0 5 81 # 22k s AR AR AT
BRI AT o TR S A A 35 PR OR FH TR
MR shF . #imE A IrE (E 1),
1.2.6 PCR i

DL CTAB 3£ B 7K R - JE IR 20 Ay At
M, VARG R HACHE S FIPEXT R, FIHER 2 5
WX oK AR BUPE B HEAT B A 5 RN B R Uk
Azl

pCAMBIA13 OOUAh

Tnos
crjylAhl o
Ubiquitin

1 #EYIFREH K pCAMBIAL300UAN TR E
Fig. 1 Construction of vector pPCAMBIA1300Ah.
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Table 2 The primers and their names

Pk & Ui 45), LG cDNA &
—4E PRI SRR & ). AR 3
Sl %tk A EPY IS NS M actin
(GenBank Accession No. NM_197297) FfiAb/a

Gene Primer name Primer sequence (5'-3") Product size (bp)

ZzI1PCRI1F GGACGTGGTGTTCTTTGGC

OscrylAhl-1 497
ZzI1PCRIR CGTAGAGCGGGAAGGTGAA
Zz12PCRIF CAGAACCAGTGCGTGCCT

OscrylAhl-2 434
Zz12PCRIR TGGATTTTGAGAACGGAGATT
ZzI13PCRI1F GCATAGAGCGGAGCATTAGG

OscrylAhl-3 402
Zz13PCRIR CGTTGTTGTTCTGTGGTGGTA
Z7I4PCRI1F AAATGCGGCTCCACAACA

OscrylAhl-4 474
ZzI4PCRIR AACCGAACAAGATCCCCTC
ZzI5PCRI1F CCTTTGAAGTCCAACTGCTC

OscrylAhl-5 429
ZzISPCRIR GTGGGCTCCTAATGCTCC
HPCRF ATCGGCGCAGCTATTTAC P

Hm"
HPCRR GCCCTTCCTCCCTTTATT

®3 3%

Table 3 The primers and their names

Gene Primer name Primer sequence (5'-3") Product size (bp)

Zz11-1F CCTCTTCCCGAACTACGAC

OscrylAhl-1 147
Zz11-1R GGGCTCCTGATGCTCCTC
Zz12-7F ACGGTGGATTCGCTGGAC

OscrylAhl-2 188
7712-7R TCCGATGCGATGATGTTG
Z713-13F GGGCTTTGTGGGTCCTTC

OscrylAhl-3 154
Zz13-13R CTCGGCAAACGCAGTGGC
7714-16F TCAGATCATGGCGTCTCCT

OscrylAhl-4 169
Z714-16R GATCCCGATGTTGAAAGGT
Z715-2F CGACCGAGACCTACATCAGC

OscrylAhl-5 132
Z715-2R GCCCGAAGAACACCACAT
Actin-3F GATGCTTATGTCGGTGAT

Actin 153
Actin-3R ATGCTCTTCTGGTGCTAC

http://journals.im.ac.cn/cjben
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R E A B AR HE T RN, SR Y
RN & 95 °C 2min; 94 °C 1555, 54 C 15,
68 'C 20s, 80 C 6's, plate read 40 PG, HIY
FEPIP B8 8 454 95 °C 2 min; 94 °C 15's, 58 C
15s, 68 'C 20s; 82 C 6s, plate read 40 PG,
FH1Q5 B s BB
1.2.8 BCAXLNIEFWEHSEMELISA [R#
EWE CrylAhEH SR
WEREESEAKRE (LRI BCA
Protein Assay Kit i & W 45), &l a
PR AEMI LR, THE AR S bl A R SR vk
J . R ELISA [I#3:PMIE Cryl Ahl fRife b
FAF AL S AE 450 nm AP, #S7 H R
HEbRER L, THEARES T H R R

2 BER54M

2.1 crylAhl EERZFHUFS T
HMHERE FE—: HWEET LB

DRI B EST R WA

TR N B A T R IR

TR 8 p 25 s R, TR

VU - 751 r i R 4 Ry v A AR ) S

F 4 crylAnl EEMHBIEYIES LR

T5 A A0 B S R e e AL ) T B )
ALIE B 1 GC & i m R 45.5% L |, R
PR 70.599% LA b HLU A ) T8 FH AR O 2% 1) 25
W Sk r 3L B 51 89 Yl &S 5k
SRR R AR BT, GC &, RNA
TS EARE 5 ET S B SR L s
(F 4.
22 BMEREEREZRZED N

SDS-PAGE 73 #r 43R o, BT 3
A BHERSHIRK/MAR, 65 kDa 44, 5
PEXS R — B, AE AR S T R % H 1 2%
o R G B R BEAE KRB FF A Rosetta
(DE3) WiERRE (Kl 2).
2.3 HEYEMNE

FFP 5 ARG 2k 1 B B kR 4 5
}0.60, 0.90, 0.360, 0.30, 0.48 pug/uL, kK
BRPEXSHER 3.36 pg/uLo X/l A= 9y v el o
S5RFY], HEYEAWEEA 50 png/mL AL ESE
TRHK 100% , FATEXTRRFET RN 10%; HF 7
FEHMERWRELE S pg/mL FRIESLT R0 510
37% . 37% . 40% . 41% . 33%, P54 RIBHME

Table 4 Comparison of parameters of modified crylAhl1 gene with wild type gene.

Minimum free energy of the

Option Content of G+C (%) e Identity (%)
Wild type 37.8 -269.84 100.00
1 63.7 -385.70 70.59
2 52.1 -300.75 85.84
3 51.1 -326.40 83.10
4 45.5 -309.56 78.76
5 57.5 -367.89 76.64
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X BRARE IEFE TN 52% , KB 5 FRALIG & 1
INEMEARELAT — 8 PR TR L X KRS AR AR
YIiE AR e S5 R, 5 FhOr E HIWE I E N
50 pg/mL FAET-HNALIE 100% , BAPEXTREA5E
T8RN 3%, 5P REETE 5 pg/mL HKE T
WIEFET- RN 22% . 21% . 27% . 26% .

249% , B A RUSH MR IR IEFET R K 32% , 3=
B S AR Ak 5 2R PR KRS AR B — e A
WM A2 SRR B T BRI A i 2
R 51, AN R AR G 226 DR X AR 3 H R B 5

REERTE S AN
2.4 FEEKIEPCREE

TURRTT SR AL PCR AT B 5353008 25,
35,29, 39, 28 tk. &l 3 Wl —kEN T PCR
R, P X R 23 1 X B VAT 25, R
FEAS 3 5 BT BRAR TR /N H B R 497 bp
FNE Z I 225 bp 4, PCR FHEER N
88% , At 4 FJ7 S HTER 20N 94% . 93%
87% . 93%. FMKIi% PCR MMERES, #
(R &R

2 RixEBWRAS (A) MIEFAEES (B) B SDS-PAGE 7347
Fig. 2 SDS-PAGE of soluble and insoluble part. (A) M: protein marker; —: soluble part of pEB; +: soluble part of wild
type; 1-5: soluble part of five program. (B) M: protein marker; —: insoluble part of pEB; +: insoluble part of wild type;

1-5: insoluble part of five program.

bp M- CK+ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

500 —
250 —

3 KIEEEER PCREE

Fig. 3 Identification of rice genomic DNA by PCR. M: DNA marker; —: blank; CK: control; +: positive control; 1-21:

sample.

http://journals.im.ac.cn/cjben
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25 SYBR green | XFRIEEE RT-PCR
KEDM

PN 2 35 TR 194 3k PR A R R 1 e P X 4
SRR CT (AAAEEMCR . B 4 TR —NS
FH I EERIbRIERT 2k o N2 BE DR R LAt v B2 11

A e Standard
25

15

Threshold cycle

Log starting quantity, nanograms

o- SYBR E=93.7% R*=0.995 slope=—3.483

B4 ASERE (A MEMEE B) trffhsk

RS CT EAYAHRRECH 0.995>r001=0.9172,
IRBN TR KT B SRR A R A A v 3 1Y)
XTECS CT HAERECHK 0.993>70,=0.9587, ik
BN TR KT AREERNE R A R E
FRIRE DR/ N 2 35 DR B S K

® Standard
34

0
an
o

@

Threshold cycle
[\
(o)}

Log starting quantity, nanograms

©- SYBR E=111.3% R*=0.993 slope=—3.078

Fig. 4 Standard curve of actin (A) and target gene (B) between CT value and templates.
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RS ZRkZ, FHMEN 0.103
( 5),

2.6 ELISA AN BMERNEM 2

WE 6 Fizs, eS8 WS AL
KR, AIEEMERR T BSA FRES S S5 AR
ODse, THIHI R BN 0.9999> 1 ,=0.87453 , ik
3 T H B EAKE . Cryl Ahl B 2 i S50 Y
OD s [ EIFIE R ECH 0.9383>r(,0,=0.87453, ik

B TR AR H RYE A A
HRIARXTE H &R (%),

0.5
0.4 |
03 |
02|

0.1

Modified crylAhl gene/Actin

1.

Option
5 MuEREREAHEMNERKE

Fig. 5 Relative transcript level of modified genes.
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Fig. 6 Standard curve of soluble protein (A) and target protein (B) between OD and protein concentration.

G R FH S5 AR 25 5 1 A Ak A R
HE st T HA TR, FPHMENEASERN
0.104% , MiHSE=IRZ, FHMITEASES
0.091% , #5775 FHE A A XT3 & B R

(7).
2 3 4 5

Option

0.14 1
0.12 |
0.10
0.08
0.06

protein (%)

0.04

CrylAhl protein/Soluble

0.02

7 CrylAhl EEMEHENERSE
Fig. 7 Relative protein content of CrylAhl.
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AR T 5 MR 45 7K e 2 i 1 285 1 1) 6 P A %
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TERE SRR BT A MR RE R Rk ), 1
45 5 0 B I il A 27 i TN B R 7K R — B
g P AT, ARSI T A IR A B 7 A
Iy MEBR P AT fE L Real-time PCR 4 52 U3 B0 5
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AR 22— BIPRE LA X A 2% LR Y
FIR NG, AR A5 LA S R ) -4~+37
BRI BRI POV G 5 1 R AR 2 BRAR , 33
Hh-323. -2.50. —1.44, -2.03. —3.23 kcal/mol,
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FEA IR A B R L (N g A A M AR 2R 1
TR R REIH) #4783 M i T im bk, 3
WY A% A W b 285 R 1 O PR O A 2 oh R PR
DLE R, AT BRSNS 41 (Y isochore 2544 J&
T CG R HMRM B A G, XL ATF
A Ja 2 S A TUE S o A ST DA SR B
o FACE T L T &M T R 2 7, A
&, WTHENEYFERNK, T/EEEKR, Mk
FRER TR 08 174 35 DXL /K A 4 7 Ui 5 0 F ) e e 5
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