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Cloning, expression, purification of spinach carboxyl-terminal
processing protease of D1 protein with hydrolysis activity and
preparation of polyclonal antibody
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Abstract: Carboxyl-terminal processing protease of D1 protein (CtpA) catalyzes carboxyl terminal processing of the D1 protein
of photosystem II, which is essential for the assembly of a manganese cluster and consequent light-mediated water oxidation. It is a
target for the discovery of wide-spectrum herbicide. We amplified the CtpA gene from spinach cDNA with standard PCR method
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and constructed it into pET-28a vector to generate a recombinant expression plasmid. Recombinant CtpA fusion protein with His-tag
was expressed as soluble protein in Escherichia coli BL21(DE3) after induction with 0.1 mmol/L IPTG at 8°C for 72 h. We purified
the CtpA protein with the Ni-NTA affinity chromatography and Superdex 75 gel filtration chromatography respectively, and verified
the protein by SDS-PAGE and Western blotting with anti-his antibody. Hydrolysis activity of CtpA was assayed by HPLC

method with a synthetic 24-mer oligopeptide corresponding to carboxyl terminal of precursor D1 protein, and gave a total activity

of 1.10 nmol/(mg-min). We used the purified CtpA protein as antigen to immune rabbit for the production of polyclonal antibody, and

prepared antibody with high specificity and sensitivity. The results obtained in this paper provided the feasibility of high-throughput

screening of lead compounds for the protease as inhibitors and mechanism analysis of CtpA enzyme.
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AHRGEARIE T K BIA 2] S R () S PR 2,
PR TR N Crpa FEF5E 7] 7o b 28 i R A
#AR pET-28a . I o 241 TR 4% 4k 2= K A A
BL21(DE3), SZHLT D1 & Bl R G R I5,
SKH Ni-NTA S5 RUZ B kE ) S 41 2 (R AT T 41k
IFM e T A, AR Al i S 2
RESLAAR, S D1 2R B 70 56 54k G 1 0 o8 AR
15 105 90 Ve LRI 5 4R 44 1 3 Atk

1 #R57 %

11w

JikL pET-28a FIKMFF 1 DHS50. BL21(DE3)
Y NA 286 2 547 . pMD 18-T Vector, DNA BR i 4E
WL Nhe 1 Al Xho 1. Ex Tag DNA R4 fiff . T4 DNA
LR . M-MLV TRase cDNA Synthesis Kit, Agarose
Gel DNA Purification Kit . MiniBEST Plasmid
Purification Kit., DNA Marker FI1{X 4> F & H
Marker ¥ [l K% TaKaRa =¥ TREARA A,
FEHEHUY) (Yeast extract) FIHEFLEE R (Tryptone)
Wy F Oxoid AF, A NHEHR (Amp), FIHER
(Kana), 5-7R-4-54-3-M| el ZUMEH (X-gal) . 5715 3-
B-D-fi AL F FLBHT (IPTG) . — A7l (DTT), =
I LTR(TFA), IR IRSE R MASE AL H Sigma
NFEl 4-FEOHEVRYE LB (HEPES). — (R )
I BE (Tris) W H Amresco A Hl. ZHE(EIE4E)
W Tedia A7, Ni-NTA 3 MlH . HiLoad 16/60
Superdex 75, AKTA purifier 100 # [ 2t R4~ GE
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Healthcare /3 7] 7 i . Anti-His antibody I | KAR 4=
R A PR/~ F] . BCA Protein Assay Kit &3 [H
Pierce /3 A= fh . PCR 5%y K 4l Bk il 5 i 1A
A A TR AR R 55 A BR A 7] 5¢ 1. Hypersil BDS
C8 (5 um, 0.46 cm x 15 cm) S AHAEI [ KM 45
SRS ABR AT . 9 Ik (AIEAPSTNG) il 24 fik
(VMHERNAHNFPLDLAVAIE APSTNG, H il i
Pz 5038 e b v 3 Ok AR A A R 2 W) SR AR & i
B, G OO S AT R E A .
RN R E o3 Hr ol i sh ) H AR K B AR 2 1,
PR 1.5~2.0 kg, W T 4028 05 By 2 il v o0 R s
DR henIE7/ L SIS

1.2 A&

1.2.1 LI RNA H9H2IR AT cDNA 795/

Z YY) RNA 4 HU %, R TRIzol kM
P B BCE RNA , 733 1 (41 RNA LTE , 1 DEPC
IR, LS pL FEBUR A RNA 28 H R AR M B et
e HEAT HL KRG 4% IR TaKaRa 2% @ L) cDNA
GO FI U], SeB R cDNA S5 —4f, G
cDNA 5 —fif, HJaxr& M cDNA ATk, H
5 uL AR cDNA 2 19% B GE i o iR ) s
—20°CH-TE
1.2.2  PCR 7/#%il. 745 PCR 74

R GenBank 13k 15 ) Cipd W ¥ 41
(Accession No. D50585), it T —X514), Falin
T: CtpA-1: 5'-GAGAGCTAGCCTTTCTGAGGAGA
ATCGA-3', Hrh T RIZ8 o BRI N DIBE Nhe 1
BRI 31 5 CtpA-2: 5'-GTGTCTCGAGTCTTGAGA
AAAGAGTTGTAC-3', FHr TR 4 R Bl A
VI Xho 1 WPUIFS . LIS L cDNA AT,
CtpA-1. CtpA-2 H51¥), ¥4 Cipa BRI P74
%A1:95°C 5min; 94°C 30s,55°C 30s,72°C 1 min,
30 MG 72°CHEM 10 min, BUORESEAT BOIS B EE I
HLUK AT, SR FH B It & el H i 3k A
1.2.3  ZEEZFK pMDI1S8-T-CipA #9412 R /75 =

% 1 pMD18-T Vector 57 & va B 5 22K, B
2 uL [ B CtpA FER 5 1 uL pMD18-T 24K 7% 422,
IHEALZE R IAFFE DHSarb, 5 B e,k
WHORHEY KRG, RARGIENYIEE Nhe 1

M Xho 1 BVIEHFk: pMDI18-T-CtpA, [a]if #EAT
PCR ¥ 44508, 1% BRNEWEEERE UK 40 HIT o 4 455 45
SR A BH P TR AN OB 6 A VAR T AR TRHER
1z 55 A1 BR 2 vl AT 00 )
1.2.4  FAHM pET-28a-CipA HIFGE#ER K&

FHBR HI ¥ VI Nhe 11 Xho 1% CrpA B2
4 R, pMD18-T-CtpA LUIN, P [FEAE R BR il
Pk N DI RED) R pET-28a, 85 CtpA i BE A pET-28a
B U1 R 1 9% SN W e e v Dk 4l Ak ImT Um0l
B4 uL CtpA F:[H 5 2 uL 24K pET-28a, FH%) 1 uL T4
DNA #3350 U/ul) T 16 CHEEEd i, E4%)5
(7= W54 2 K AT BL21(DE3) A2 5400,
FFE 50 mg/mL RARFEER M LB A ER: 5, KH
PRI SO RE R IR L SR F AL e v 2 BB
DNA, BRI N VI Nhe T F1 Xho T FtF 1] 8 20 Bk
pET-28a-CtpA, [d] i LUZ R AR , 5 i) CtpA-1
Ml CtpA-2 K514 AT PCR ¥ 3%, EEYIA PCR 431
J5 7= T 1% S B Al B Js v vk i A T 40 A
1.2.5  CtpA WiFFHE AR

AT A Pk ER 22 D) F PCR %78 TE A 1) 52
W%, BT 10 mL &4 50 mg/mL FHREZE A LB
ReFeskrp ) 37°C. 250 r/min AKZEIRVG G R Agoo N
0.8 Zid7, WMt 2 mL BiFR e AR TS 2 IOFES , 75
T AR R T2 I IPTG L WRE N 0.4 mmol/L,
RZEREFR 4 h, BLOWCEERR, M RS R
SDS-PAGE Hi kA il 2 11 A1 L

H T RERIBMAACE PTG, PR R VR
T 30 mL & A RIFER M LB s, 37C,
250 r/min ¥R 8537, R H /A 1 2 100 1 Le il
T 400 mL B LAY LB 534k, 37°C . 250 r/min
PSR R SR E Agoo N 0.8 247, A IPTG ZHELA M
JE24 0.1 mmol/L, #RJ57E 8°C . 250 r/min 4AZEHRT%
3% 72 he BRI REIKAE 4°C. 8000 r/min Ef.L»
20 min, WA, R R A IA 10 mL #F
728 Wi (50 mmol/L Tris-HCI, pH 8.0, 500 mmol/L
NaCl) i 7853 7 B, TEVKI A58 P BB o
& (300 W, TAE 5 s, [8k 3s, 4 99 1K), X5 4°C .
12 000 r/min &5.0> 40 min, 43 FIERAUIIE . ¥
b0 WO = S O i 22 b W 5 Oy F A 4 R
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Ni-NTA SEMZENH (1 mL), I8 2% skt
10 AAERER, SR 5 480 FH 55 AN (] e J52 I s %) SF- £ 2 e
WEB CtpA ., WERSH T, P& 41T
12% SDS-PAGE HIK7#1. R IEE Millipore,
By 11 3000) XAl S R A TR G, W4
Jei YR R Superdex 75 BERC L 382 AE (HiLoad
16/60, GE) if—Lalift, RHZ M (50 mmol/L
Tris-HCI, pH 8.0, 150 mmol/L NaCl) i, Wi N
1.0 mL/min, @33 280 nm &b A6 AT A, i
MLy, 12% SDS-PAGE HLVK /M7 o 25 Pk i R
FH BCA IEMAE .
1.2.6 FERATEYHG Western HI 57

5 1 Western EJii 43472 I8 GE Healthcare Life
Sciences W L EI R 4t TE22 #eEF kAT, Brik
B EL 12% SDS-PAGE 43ES)5, 400 mA HL
SR KVE 10°CH4 CtpA il & 28 I BEIE 15678 Z h
ARG, LIS 5% YIHHY) PBS 22 0fi 4°C 3t
M, 1xPBS. 0.1%nmti 20 ¥k 3 &, AR5
anti-His L& 37°CK 0 1 h, i 1xPBS. 0.1% 3 20
VR 2K, BIK 1 h, 15 1:20 000 FRE U i 4
LB (HRP) #ric iFPRPTASE 37CIRE 1 h,
1xPBS. 0.19%M{ 20 £ 2 K, 4K 1 he 5L
UUTE R BALH 4> TMB JIE W) (5
1.2.7 DI ZF1MER975 M E

4lifk ) ) D1 EE B M E LG ) D1 B A
B AR He it 24 JIRAE M BCAUIE Y, R 1100 &A%
WA OISR RS0 (Aglient) Fl Hypersil BDS C8
(5 pm, 0.46 cmx15 cm) JCAHFEXT 7K fift 7= W47 43
BRI P 21 pL D1 & 1B (0.657 mg/mL) F
3 uL JEY) P-24 (5 mmol/L) JMAZE 1.5 mL EP 4,
JFHZE Wik (50 mmol/L HEPES, pH 7.7, 100 mmol/L
NaCl, 100 ml/L Hit, 0.5 g/L fijfiiii X-100) #b
JEZE 73 L, 25°CHEIRN 6 h JFHIA 27 L TFA
(0.1 mol/L)H 1E & ¥ 10 000 r/min #.0> 10 min, HU
20 pL DS EAT @ BORAE G5 I e . Eak o
ZME: DIK(H 0.1% TFAYHRBKM, 2 (&
0.065% TFA) A ENLA HLAH, 0~1.00 min FH 10% A7 4L
FHPA S ARAE L 1.01~16.00 min K JHA PLARSEFT A2
PR (109%~409% ) PEME, Kzl K4 220 nm.
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1.2.8  # ] CipA 175 Z 5 BEDL I 75 AL &

B BERT, M-Sk > B, FHAEBIH: X IR,
1.3 mg HA CtpA HE 15 2 mL 3 [RE ARG
BOMELKIFLA, AR RAR. 14 dJFH
1 mg EHEMS 2 mL I R AEFNIR A A
KL R e, BEPIE 1 K. 25 3 WIS S
J&, MWHZ K> B, ELISA A i iE 2L .
B ARG, Ssh o, 4 CRCEST, BRI,

2 HR

2.1 &R RNA RYIZELFN cDNA BIE R

K H] TRIzol RIS BRI G RNA J5, &
P AL P T i BB S FEL KRS, 25 SR N[BT 1A PR
7 L Pk P P R Y 28S rRNA AT 18S rRNA 2%
W, iR, H 28S rRNA 5 18S rRNA 52/ L%
201 WY, R RNA MEE R, T
cDNA 4 A, AR RNA AN, 2k SR
A 1L cDNA, SR 1% SRR WEEE IS B bk A I, A 25
RE 1B iR, HIKE T E/R cDNA 52 R AT,
257k Marker (19 3 f%, ATHF HRYIEK A PCR §4
2.2 PCR ¥ Cipa BEWEE

DA B cDNA HEAR , B3 194 DNA 5]
Y, Zeid PCR 845 - AT 1.0% SR HEEEIL
HLVK AT, SEHnE 2 iR, PCR §75 F=9 K
/NI 1200 bp, 5 CipA HePH BRI i 5 51 K/
HFFE

A1 2 3 B 1 2 M b
— 10000
— 8000
. — 6000
288
188 — 3000

58

1 JE3RE RNA BT MHIRBEVE ARk (A) #A cDNA
BIIRARHE B AR FRIK (B)

Fig. 1 Agarose gel electrophoresis of spinach total RNA
(A) and spinach cDNA (B). (A) 1-3: RNA. (B) 1, 2: cDNA;
3: 10 000 bp ladder DNA marker.
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bp M 1
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750 —

500 —
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100 —

2 CipA BRYEER PCR ¥18
Fig. 2 PCR amplification of CtpA gene encoding region. 1:
PCR product; 2: 100 bp ladder DNA marker.

2.3 FELHRK pET-28a-CtpA RIELE

S T AT R, o DS 9 PCR 724
J6 5 pMD18-T #fk %, Ik 2= KT DHSa
AN, T A B e A B A H AR
(Y BRPE T o SR BRI 1 N YD Nhe 1 F1 Xho 1 D) 5w
P& pMDI18-T-CtpA, 42| HAYEEK H B, AR5 5
[FIREZ 5 Nhe 1 HI Xho 1 BEVIJ5 9353044 pET-28a
P, AL = KAFF B BL21(DE3) H, BB R %
SLEUTORL , % FH Nhe 1 F1 Xho 1 BEAT WU #4758 58,
) s DA R S AR , R FH PCR 9 B i A7 %5, i
AR E 3 PR o i 19% BSOS HEE I i ok P rpon]
PLE DL 25 0 R B AR AT DLy 3 24
1200 bp 1974, BV G 1) R AE AR TR0 A 3K
AIN—B R B, BB E SRR R B ek A B
EH, KK pET-28a-CtpA HIMIEE 2 BTN .
DNA JF I E 5 FAESE . §7 1455 533209 D1 &
F1iff DNA ¥ —%

bp

10 000 —
5000 —|

2000 —
1000 —
500 —

3 RIEZH K pET-28a-CtpA B PCR FANEEYI L E
Fig. 3 Identification of pET-28a-CtpA by PCR and enzyme
digestion. M: 100 bp ladder DNA marker; 1: PCR product of
pET-28a-CtpA; 2: pET-28a-CtpA digested with Nhe I and
Xho 1.

24 Ei{H CtpA EAMRES AL

& 4 i ki pET-28a-CtpA ¥ 4k & K o T
BL21(DE3), 7 37°C &/ F 4 0.4 mmol/L IPTG 5%
4 ha, SXTHEEAML, 7645 kDa i & H T —5%
B By, S50 4A Fis . BT LUE Y,
7R ST LU SN T A S D R TR L N WS v D
AR R E A E B AR S R
AR B A Rk, AEHMEANREE, Rl
SRR RS Y WD TR RIA TR, S
RIEPR T BB EOHOEA, BT HRMTHE
MR HMEM, T IPTG W LUK SR
XF CtpA #5 F1 S R AT PERIB HsE ), R IR S
I IPTG Y i DL BRI SR S A IE 2y
H A8 A kb, T A2 AT SR B ] R
KXW EMEAZEYSZ , JLTHERKESRES,
Xof A B 1 A ) PP A R B O B (B 4B),
LA S i 1 IPTG H &4 0.1 mmol/L, fiefE )
PRI R 8°C,

h T ik ERGA I EAL R A, KRR
BEF T84 R R LB 155354, 8°C . 250 r/min
FHTIESEE 72 ho RGBSR, L
WOl Ni-NTA SEMZENEAEE, IF & A Fv
ke i 22 il e B AR T, TR A R ANl 5 IR
MK E ] LIE H 260t 8°CIE SR 72 h R
W, FETHENEARYSE, REEMERS
FRANFE R E5 G B , FERKMEIR B2 150 mmol/L &
AL, AIFERE M ENER, Had
Superdex 75 #E M UEAE R E— L aifk, H
BandScan5.0 X400, TS 31 B 41 8 A i 2l
KF] 94.9% (Jkif 7). BCA IEMELE R L EAE
FI AR 5~6 mg/L. RH anti-His HiiAIEAT
Western blotting E[J il 43 H ik SE 2646 J5 19 8 1 A A
His-tag IS H (UKE 10),

2.5 EH CtpA RIEMEMENE

PLE Y D1 AR R Jk i S A 1) 24 JIRAE Sy
BURY, W2 T HEAMYAYEE. B TEAE
REASF 24 MOKARAZRL 9 AT 15 Bk, BRICRA C8
FAHREXT P= Wy AT 4y B R AT, 1B 6 2K = P e
HPLC R% bk pesd, mEhTLUES], 24
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El4 BHRRMKRE 37C)A) FALREENEBRIAMEI (B)

Fig. 4 Expression of recombinant CtpA at 37°C (A) and effect of induction temperature on the expression of CtpA (B). (A) 1:
protein marker; 2: induced supernatant; 3: induced precipitate; 4: controlled supernatant; 5: controlled precipitate. (B) 1: protein
marker; 2: induced supernatant at 16°C; 3: induced precipitate at 16°C; 4: induced supernatant at 37°C; 5: induced precipitate at 37°C;

6: induced supernatant at 8°C; 7: induced precipitate at 8°C.

5 XM Ni-NTA FFMERHSLES CtpA EBH
SDS-PAGE Hjk 4 &

Fig. 5 12% SDS-PAGE analysis of the recombinant CtpA
purified by Ni-NTA affinity chromatography column. M: protein
marker; 1: induced supernatant; 2: flow-through sample; 3: elution
with binding buffer; 4: elution with 50 mmol/L imidazole; 5:
elution with 100 mmol/L imidazole; 6: elution with 150 mmol/L
imidazole; 7: elution with 200 mmol/L imidazole; 8: elution with
500 mmol/L imidazole; 9: elution with 1 mol/L imidazole; 10:
Western blotting image.

IR ) IR AT U A 7K ffe 2 L I B SRR AT, R FE 5.6 min
A BT A B S AR RSO, 2 AR A it 0T B
IR 9 Ik, BEAME 11.5 min A7 B H LT — /N
Wi, AT RE AR Y 15 Ko HR A1k i e i e
T AR IR I B 24 BRI BE RTINAF H 4 D12 AR 6
>4 1.10 nmol/(mg-min),
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600 | —— P-24+CipA N

400

AZZO

200

4 6 8 10 12 14 16
Elution time (min)

6 HPLC X EHEABGKE~YR S B
Fig. 6 HPLC separation and determination of CtpA hydrolysis
products.

2.6 FEH CtpA % e FEHUIRIN BN

ELISA A E 2 CtpA & MG £ vk
ik, ZExrEly PBS, BAM:XHIE R AR e i K B
P, FERCH RS R BT R
A A L B A 7 AR B SN, T S R A
ML A BN, B S J5 A B ™ A T AR
ASTE B PR . ELISA 45 FBIM 1110 F)
11100 000 M2 M BEBE PR 5 H AR CtpA &
FA R, PUAREA S 12100 000 (55 1),
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%1 ELISA EE4H CtpA EHMFRAK M
Table 1 Potency of serum antibody against recombinant
CtpA analyzed by ELISA

Antibody concentration Negative

trol Null
1:100 1:1000 1:10 000 1:100 000  ©Ontro

1.109  0.949 0.487 0.214 0.080  0.008
3 Wi

i T D1 SHEHMEMY A TEY] DI FAE A
(pD1) H C UM Z K (8~16 MR FLERIEIL), fiff
ZHORAR) D1 A, -2 HTORE RS I
S YRAE, ARG R I Hih-BE
AR EZAE N, IR RS R T AT
LR, B —ASB B S 0 ) 35 R A
bR, ENAMNB S B2 TF IR PEA TR X R
(254 5 F BT R B TAEN O, S T XA s
Wl 7 T A WA T IR VRN RO o, T BT
BERYBTEPE AT o AR SCHR P 5 4G T AR A A
LR S AR b R B D1 AR A 0 1 f 45 e A
TRIGEEE . BB BERE . FRSEmE R AT WL 2T . B
FASHENT . 4TI ZEHT AT R F DI
HEAERREATHS 2RI (nEkhr DI
F B S AR AR 0.06%), AP L bR
KIRE ARV EB . aifb A, M ELrig
PEUS B A A AR R, IEARRTH R LAY
{1 e 3 o A SR, T SR FH R PR TR 5 1 AR AR T i
PE IR 1Y T AL ER (0 AT DA e X SE T, Tnagaki
&1 Fabbri Z5BE 5 R ] pET 15b(+) F1 Pet-30a
AR PR R IE T ISR CtpA FE 1, Liao %503k
TAHRVEMSER CtpA B, (HI5 HRAS T (i i
RME N, BT A 5 Re A% B B
SRR VER R 1 A SEIR AR BE & LA D1 2R g A
T (R B AR 24 1 S B A 2, DA SR R P BUEL RNA A
A cDNA, JfH PCR "8 CtpA 4 K FEFI AN,
FHSP 5 pMDI18-T #AKF pET-28a #HAki#k1Ti%E
B, T CtpA M EL LA R IL TR, JFER
WAkt i h HEAT T AR s . BARR A R B =L
AL L, F 3 2 PRI 3 550 190 ol ) 2 A

B AP 38 T B A5 A PR 3R AR T TR M R AL 2R 1
IR H 2R FUZ AT RN BE et D B AT X A A AT T
afifl, Western EIB 45 RAELaifb G &E A N A
His-tag M EHE M.

D1 HHAH TR psbAd e g, fEradesik
HRIARE D (pD1) RIEAFRIK . X 43 T psbA F
PR 91 He X 43 BT e B, D1 2R 1 BVARTE C 3 Y S
JP AN — , (H B A B U 1 77 970 50 B iU
D1 & 1 = ) Ala-Ala 587 Ala-Ser 22 a] () JIK 8,
Bl an gk =% D1 & M Y BY VI AE AL 5 2 pD1
Ala-344 F1 Ala-345 Z [R] Y IkEENY . Taguchi 454 1K
TAFKESH pD1 BY UL AT <7 X 2 kR
FEANMZIRALE Y, RGBT BT UL B I 45 IR
SF G2 3 19 % 3 X I 0 T 5 D A TR R e ) — S
O R IAE MBI, A UMK K E 2
L ANFRIL DL L A ARG I 2 2 A K R T
ML EELE 19 TR LI LX) 2R A e H
(K, M V) WA EEW, PL Gly, Val, Pro
PEIEHUR Ala FRELS, B ABERTE M N TR
50% . 30% . 0%, MiLA Cys. Phe il Ser 5k HELHL
Ala J& , XoF 28 A A 7K fff i MR VAT B i S, R R
P i K IS ) AT — 5 PR o A S AR R SC
BRAE , SR pD1 R LS 24 BRAE W BLUK
Yy, WE TEMH DI EAMAAEYTENE, KWEN
il vl LUK 24 BROK AR B 9 KA 15 BK, LG P T 38
1.10 nmol/(mg-min), & 3CHRAREEHREMR 15 581,
Fabbri %5 5k F £k 1 IO 28 35 J5 19 6 10 {4 8 1 E 7 A8
PEACFR, P A E AT O 0 S R AT S,
PR A 435 ME1UA 0.07 nmol/(mg-min)®, i F45
B R Al TR Rk R A, O AR A AL
PR, PR HE PR T Fabbri 25 1045 5 . A2 i
BT CtpA BE [ AU 1 R 5 1 2 i B bt
W, XFE—05 CtpA AR AR ALY
CtpA AR5 AR A B2 X,

ALl e FRs, KA T A R A
P Y T 4 B T ) A T R R I £ e B
TR, R 2 i ) S AL A W i DL A S
Sl AR AL SR SR it T B AL, H AT
SRR IE TAE IEZEHEF T
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