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AR AR5 S ®ENE AR
CaM &5 45 A A [F) AE bl Fft A [543 B RTAS [R] 5 39
A AR AR L2 EH B WA E AT
F| CaM HE W, RSk CaM 2 11, F /) B
R STAR . y PREAE I CaM 72 A 2 A [
ai Al CRO AN [R5 B AN [ I 309 19 23 A 5 A8
PSR AL RTTHR ol Sy A S8 SR i A B A 9 4%
HLH R AIF 52 S P A

1 MK 5T &

FEERSIRKF

BRI PE VD . Tag DNA B4 8 . DNA %%
fiff \Marker S5 #7017 b 50 K 3K 5 A Al kL E.
coli K A & 58 & A R 05 PEG JilA 5] /0 B
UK I A % e 1 ) &L T O 3K B B BT (Acyl
Carrier Protein, ACP) . J& ¥y % B2 1k [ ( Starch
phosphorylase.SP) | 41 % g ( Histidine, His) | 4
1L 3% M & H (Bovine serum albumin, BSA) 4 Sig-
ma 2 & 7 & s QuickAntibody-mouse 5w 4 Fl .
Clone easy 3577 50 1 A6 50 1 5 g 5 9% R A R
A HRP-2£ 351 Bl DMEM R 58 4 R 95 5 L&
HWENE TR R VGE DR
HAT.HT.DMSO ¥y H GIBCO 2\ #&]; it #H-20
(Tween-20) ., Triton X-100 ., BEHR — = 4N . 5 R &
AR R R AN B TR B SRR N
i L JC K & P S Ak 2 R ) I 2h 4 P AL A 3R
A MR ] ACP H g BEHUAR Sy A 58 SO A A= )
FARA BT 77 55 Babl/C /NI Il Sk K2 BE
bl s SP2/0 fRAF T b I B Al B 2 B A
E it o G DS AIE 2 T ARl 3 A S o o B R AR A
R S S200 5 LT A S 15 e 5
SR BEORATE T AR R G B A 5 L 5 UE A
W TR AR T A A S 30 2 JR A% 3R 9K s KI-2 S AR S 28
1€ pET-16b (1) EcoRIfFVI 5 )5 46 A ACP-tag J5 X
WAk, ¥ T 2015 48 3 F —2016 4F 6 k47,
1.2 7 i

1.2.1 KJ-2-CaM E 2 F 45 eh #3524 Phy-
tozome database (https://phytozome. jgi. doe.

1.1

gov/pz/portal. html # | info? alias= Org_Mes-
culenta) cassavad. 1_018409m %{ 8 J#E 1Yy CaM FE
N 151 9. U4 38 7= W B2 Sy 450 bp;
W 8l ¥ ACP-CaM-F. 5'-CGCggatccATG-
GCGACTCAATTCAGCGC-3"; FiiFsl ¥ ACP-
CaM-R: 5-CCGetegagTTTCGCCATCATTAC

TTTCACAA-3" UNEH A WYL 5 76 - F
WEs 19 oy i 51 ARV 25 BamH T /Xho T, LA
BT 5 5 KB EM cDNA MR K PCR 34
B R B s, 5 3RS #R KI-2 4 50 H
BamH 1/Xho T 3G Y, [0, 3% 42 , /D o 3% 42
FEMIEE N K A FE B DHS o B3 25 40, 12 Fh &
LB R 25 2 P vk WA R 7R 5237 CHi Rk,
PR s = R AIR & R LB R IER 55,37 C |
200 r/min 35 FE 18 BUTRLIE AT I 77 %5 08 L o8 48
€ IE 8 1Y BRL A 44 4 KJ-2-CaM,

1.2.2 ®moZawhiikk L h54ik Bl
JFF IE 8 (49 B kr KJ-2-CaM A6 3] 15 £ 8 E. coli
BL21 1, 1. 0 mmol/L IPTG i S 353k . I 4 1
DA FH R 7P U O AL A o B0 0 A 1 3 AT
VEIFHEAT AT, UTVEH 8 mol/L JRZ A M1 v
Ni-NTA M4 B EH . difbE A K
WAEWRE N 6.4.2,1,0.25,0.1.0 mol/L fyRZ
W EN Z . BAWE T EN 12 h, Z &
Har%ea 20 CUHRAE.# M. B 50 L gifb & Fm
ANGERFR 2 X SDS §E g LA 22 i, 100 C 2 i
Fvkis 4 4L B 4 min, i 10 000 r/min & .0
5 min, ft 20 L #17 SDS-PAGE, 2% 5 i 5% i 4%
KM 2GR . SR Western blot P41 = 1 000
M BE Pt ACP A5 % 5 5 B Bt M4 6 0 o 20 2 1 i
R T

1.2.3 CaM % Z ik g H & FKaifl s i
HHEH ACP-CaM # 5 K 50 g Bl 5 Quick-
Antibody-mouse 5w 7 5 7 2 1 27 . J5 BE LA
g 5 H/NE A8 21 R¥g A7 Ui s 1
W5 35 RWTRE RN, 41l 37 C JLE 2 hJ54 C
JiE 12 hy4 'C 10 000 r/min .0 15 min, Y4 Il
I LLglifbJa i ml G & ACP-CaM 1R 439 5
ELISA [l 423 K U i3 % . B 50 g glifbfs iy
A4 A ACP-CaM 4= BRER K 8 245 % 500 L. J§
i wh i S BEHAR BN = /N, s e S 72 h
2o A H R BRI 4 il 3 5 v R AE L A . KR
FE @="75% WRE HIZ# 10 min, JC B 44 T B
/NERUREE I I 4 B WA i, 5 SP2/0 41 i #E PEG
YER FRlG  HAT ik %, B 9% 7~10 d J/F H
)42 ELISA K0 40 e 135 » BH 2 20 s F A BR A B¢
25 v B A PR R B B B R R 100 %0, /) BUIR N 155
A K T B BT AR S K BH 1 2% 28 9 A L T AL TR
KIPRAT

1.2.4 Mkdte BFFREMEK 4 C .10 000
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r/min 0> 15 min, Z T3, f 0. 5 mol/L. pH
7.0M PBS 5 5 B, 75 VKR S T S IR FLE T
A R R B T W VKA B FE 30 min JiF 4 C#f
E 12 h,4 'C.10 000 r/min &.0> 15 min, # F i,
PLUE 51K &R 0. 02 mol/L.pH 7.2 1y
PBS & it VKV 25148 F B2 A B PBS R R
e (18 U R 2 2 7 VL fE 2 3R ) 33 0 M N L 3 &
HEHE 30 min J5.,4 C .10 000 r/min B> 15 min,
75 b3 BTUEH 0. 02 mol/L.pH 7. 2 # PBS & #T
72 h a3, 20 CIHRATE.
1.2.5 4% PUERe MR R B
0 7 0 1A % o BIKE 44k 1 Rl B ACP-CaM
A pH 9. 6.0. 05 mol/L Rk iR £k 2% w3 i B¢ 1%
8 250 ng/mL.500 ng/mL.1 g/mL.2 g/mL ik
VR R A AR AR, B AL 100 1,37 C Ak
2 ho 7L 120 uL(& o=5% /AN Il PBST)
37 CHM 1.5 h, &AL 100 pL 6 B B B8 19 i
14,37 C K% 30 min, PBST e 4~5 K. 4L
A 100 pL A5 3BT Bl =40, 37 C /) 30 min,
PBST Pk 4~5 X, TMB &Y 37 C B
15 min,0. 5 mol/L H,SO, % Ik I & B fr A ¥
B3 LA 6 BE (OD) . B BH % OD {6 K F 1]
PE OD A 2. 1 A5 0 Bt A S5 e A R A 500 7 4R 1) 3%
Hro SR o A B AR A LB 1 g/mL ACP-
CaM,ACP.SP.His.BSA, % ] ELISA J7 &£
LRI R S

PR % 5 - /N BB A 0 8 2 o R &
R 7 Bk BT A

PO N AR R 5 45T E AR 1 g, W
AP AR EE BN R DT TE R R R A, & B IR
10 min J5§ 13 000 r/min 28 ji =5 o 2.0 B 1 7 . 75
ARE P CaM 1 W] 42 W . CaM R %) 2 W
SDS-PAGE J5## %= NC i, 5 g/L AR U8
fy PBST 2 i & 2 hsfin 1+ 2 000 6 B 19 4t
CaM g BEHUR = IRFEFE/EA 1 h; PBST ik 3
UG T 2 3000 MRy AP FRid FHIM 1eG =
MM 1 h,F PBST #% 3 ¥k ; BCIP/NBT JEY)
.

2 HEREHRM

2.1 EARMEAE

PCR 5 WA B BeARSE I vh 34 CaM £
Br. 22 10 g/L IR BRI s vk s 450 bp B9 H B9
ZEA1E I I AT UL (P 1) 7 B R/ -5 U A [ 42 H

F18 P o R 22 0 e 4 5 I 5 e M

M 1

800 bp

ke 450b
P

200 bp

M. Marker;1. PCR [ali§t i- Bt PCR recovered fragments
1 PCR ¥ #H CaM EE R &

Fig.1 CaM gene segment amplified using PCR
2.2 Western blot 43 #f

¥ KJ-2-CaM ki 46 & E. coli BL21 &%
4. 1.0 mmol/L IPTG %% 5 h. & 12% 4
B SDS-PAGE. i T 1 B RE i 78 41 0 73 1
B2k 21 ku gt B H B R RS IR
LR U TR I A5 (L 2) . BT H R A TE
E. coli BL21 W 3Jii33R1A , H LI IRIRR IS E 2 A7
TURE . KK Western blot 455 K W (&
3) B 2R IR 21 ku b, BEWTEE F RN

M 1 2 3

30ku
20 ku 21ku

10ku

M. Marker; 1. F %%  Supernatant; 2. ik FiE#® Ex-

pression supernatant; 3. fL#i{& Inclusion
B 2 CaM ZE HH#) SDS-PAGE #; il
Fig. 2 Detection of CaM expression using SDS-PAGE

M 1 2

30 ku
20 ku

10ku

21ku

M. Marker; 1. 3235 F 44k % Expression supernatant
purified product; 2. 7§  Supernatant
B 3 CaM & [H ) Western blot # 1l

Fig.3 Determination of CaM expression using Western blot
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2.3 /MR IMLE AN R ML 2 3 4
JFH A 52 i /0 BRIt 3 R A B 0 B
B2 g/mL, 5 H/NEL LI 53 000 4 B 7 R A5 31 5 55ku
/N BRI 250 (T 4, B s = 1 2 4 /)N Ltk
L A 35ku
ﬂ‘éﬂiﬂ@ il I
50 25ku
] 15ku 16.7ku
40
g _
= 30 F M. Marker;1~3. KEHMEHH Proteins extracted from
T‘Z cassava storage root; 4. BSA
g 20 | 5 Western blot #& | K Z R CaM By R i%
® ol Fig. 5 CaM expression of tuberous roots
H in cassava SC5 using Western blot
0 I_l 1 1 I_l 1 L

2# 34 4# 5#

NRHS Number of mice
B4 MRIFHRN

Fig. 4 Detection result of serum titer of mice
2.4 iR ER I RE 0 = RE

Bl 2 S A ML 220 2 ~ 4 A BR AR
B el AT 7 bR PH L B S B A i (3R 1D 7 Bk
e B [ 2 TR SIS T 0 A 4 IR K A 2 S E
10° VLB SR B 0 1eG B, Jir A ik
5 SP.His .BSA JA XU i » 4D5 bk 5 ik ACP
A SE SRV - B AD5 b 40 L 7 A= B AR Sy b 4%
BERE RS, o 6tk CaM i i 57 1k

1%

A .
F1 A EREEKMSMGTETR
Table 1 Ascites titer and subtypes testing after purified
40 i ik 4k 5 5 B4 7 7Y
Cell strains number Purified antibody titer =~ Antibody subtype
1B3 2.0 X108 IgG1
1D9 4.0 X108 1gG2a
2H5 6.0 X108 IgG1
3C9 5.0 X108 1gG1
3C10 1.0 X107 IgG1
4D5 8.0 X108 IgG1
5C7 3.0 105 IgG1
2.5 BREHENNERA

PIBRTTCVE 1 32 L AR pg 5 57 fif LR CaM
HH .4 Western Blot 3 #7, g5 R an & 5 i, R
SYARFEAR P AERY 1~3 WKGE7E 16. 7 ku b
BRI A5 L 1 TG SR 2 BSA UKGE K H B 2 &
L BEIZ PR RE AR B b CaM R 1 45 S MR 45
G BA RAF 0 R R

3 7t

B F o T AR O 12 B A B 1 4%
ANBFSE S8R, A Z I IR 2 W R A HCG
PTG I e A T | h 4 e 12
I & T8~ 1 R 1B W i = N 2y
B A T AR A 5 B B 3k R B I 1 A
o B8 A B AR B8 G B 1 4 24 B AR 9 7 R S A
o R ORI DG i AR ) 3R TR R 4 AL B 5
65 v £ 17 R £ ok B R R

H i, CaM 1 I 5 J7 ¥ 2 A G 2 7
T Jg P K i AR U R Y DR ARG T A A
o7 FH 5 /0 5 il 32 R AG I A 9% P 1 CaML, R )
b AR v 25 5 52 B T R 5 B0 R E O A s f
7 1 F2 B RO S A3 AT i (RTAD Tt 6 92 W
B 52 2 CELISA) L3 2 Ry o A6 0 48 J2 LA it S
PUMARR S Pk 5 5 R JE R, P 30T 45 CaM $it
RS, R SR T R M R L 2 R TR AR R
3k CaM 543 THAHRXT /N, BRI CaM i, (H 2
REERE CaM I P A 10

CaM JZ Hy 148 A~ 5 KL 2 5% H 41 iU /N o3 F
E TG A b RS R R
P30 BT 0 W M ) 4 1 R S o A O T
POk, ARG DU SR BIF ST 4 i ik A
B CaM fil & 28 1, e/ BUR & S osd PR PR . H
F M EHFILMN ACP-CaM i /N B 45 B 50
GEHLUR ,/NELIY B 41 A R REAE 7R BUAR 25 B
ACP By Hi ik, JF H 5 5i dl & 8 A B b 2 H
ACP-CaM fE 43, 1 5 A 0 18 55 5 Pk BT A4, 3k fo
S LT AN M AR 7 AR 0 B A R 6 B 4 R
(o BT LAAE 5 30 36 47 e S MR R B, D ACP B %
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4 ELISA i . A5 ) 1 B0 5 [ P44 J2 75 45 4
HEBR 1 Ak 20 5O B 40 Mk LA CaM e M2 e
FEBLiA .

E Ry K A5 B T B T 1% 200 Jf Ak o DG 1 — 25 3k
B MRS S 52 ) 4 RS R Y R 4R SP2/
O 20 Jf TR 25 Rk o L ML 240 B K0 i L Rl B TED L Rl A
FAE Ry A5 3 1 Rl A 22, SP2/0 TR RlA T 2 JE
AT 8- RS Ah B T R LA b 8 A R R
FE B EAF BRI HHEITRG , BREE
) SP2/0, ffifil & BT B 240 M 2 B0 2, mil & )
R, 4 E A .2 000 r/min #.0 10 min,
SRR X At i T 5k A A v L (ER AT AR AR
W2 B4, BefE SR G

TE Z4 A8 988 A AR ) 25 o AR b A M Rl L e A
PR BE T B BRI A [ e B 3 4t A 2B 4 R 1
1A FE 40 A 5 Clone easy, LAy 20 ) 45 18 i 4M
JHLAE Ay ) 5 A48 6 ok A v s ok 9 % DA RS R
/0N BRI s s A4 B R B A sh A A . AR 5
% 6 BRAEFEE 2> WA PT CaM 2R [ 4 B 7 I 2% A0 0
20 AR T 7 AR B AR S DAy PR ARG DA B v S [
Pl (R AR BB R R 9 CaM 7 & 42
BEOL LA A R T Ca*t M 15 540 T Fl Ca® ' -
CiMESRGETERNARBEERKR LT MR RE
A= SR B LA Y
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Prokaryotic Expression and Monoclonal Antibody Preparation

of Calmodulin Originated from Cassava

OU Wenjun, YU Houmei, AN Feifei, LUO Xiuqin, QIN Yuling and CHEN Songbi

(Tropical Crops Genetic Resources Institute, Chinese Academy of Tropical Agricultural Sciences /Key Laboratory of Ministry

of Agriculture for Germplasm Resources Conservation and Utilization of Cassava,Danzhou Hainan 571737, China)

Abstract Calmodulin(CaM) is an important signal-transduction protein. It will play an important role
in regulating tolerance to extreme conditions and postharvest physiology deterioration. In order to
provide good antibody in rapid determination of CaM expression in cassava growing at different envi-
ronments,in the present study,cDNA of cassava CaM was cloned into the prokaryotic expression vec-
tor,CaM was expressed in E. coli and then purified. The purified fusion protein ACP-CaM was used to
immunize Balb/c mice and the titer of mice serum was determined by indirect ELISA. The spleen lym-
phocyte was fused with SP2/0 hybridoma to produce monoclonal antibody against CaM. Western blot
and ELISA were carried out to preliminarily identify the monoclonal antibody produced by these hybri-
domas. Western blot result showed that recombinant plasmid in E. coli can expressed CaM efficiently.
SP2/0 cells and spleen cells of 24 mice were fused,then 7 strains,which antibody titer was more than
10°%,were received,no cross reaction with starch phosphorylase, His and bovine serum albumin. 4D5
strains has cross reaction with carrier protein ACP,6 strains of CaM were specificity antibodies. All of
strains were IgG type.

Key words Cassava(Manihot esculanta Crantz) ; Calmodulin; Prokaryotic expression; Monoclonal an-

tibody
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