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W% p-HE NEINBRNESE E &£ IR SE R A
i Y 3R 0A

\EVAREVAR W) 3 1 N 1,3 13 sy 13 13 1,3,
B2, #wEm, 2REY, £ &Y, BORD, REAY, 4
C T RB RN BRI, M 510640; 2 Herr b K2z il 2k 5, I 430070; ) KA THEA
TR S SEEG =, I 510640)

B OE: TR - TS S0 N A e R S N SR Th AR, SR RAT R A R
IFRIAFA, B EAAHEE B - THE NEMNEREE CrBKT (1) pBI121-CMTPCRBKT #44F0 pBI121 i I 2
PRIIARAT B ANZR S 2 5+ 105 15 F125 d R RAESET, 3 dEMEkIL, G2 M S dR
ST RN R, Kbk s 5 d AR, 1 10 d DL ERBAAE R R . SmBORR 6

(HPLC) Zrira 3 sy, R BN A AT NEIIEREIY b EMARIIFE R, S, EA
CrBKT HEDAIF0 5 2 F1 S d AR S N3 & = 800, 5 d 4 R—REn 7 1/3, H8 6 106.31
ng - g W N3, R AR 80.65%, W 19.35%, MIFKE 10 d LA R RS E MRS
HRCE AR, MBI DR B PCR R AL S R0 T %R N 45 AW, CrBKT
SEIHREAERN 5 5 d LA g R rh ik, IRR AR P SIS b3 MR8 28, A SRSk
2 BRTE R R A G TR i PG SR Rk

KB MUK AKEE: p- T NEINENG; SN BRIk
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Transient Expression of f-carotene Ketolase of Chlamydomonas reinhardtii
in Pumpkin Fruit

ZHOU Yangyang'?, HUANG Hexun', LI Junxing®, WANG Rui'?, LUO Shaobo'®, WU Tingquan'”,
and ZHONG Yujuan'*"
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Abstract: In this study, transient expression system was used to analyze the function of
[S-ketocarotase for biosynthesis of ketocarotenoid in pumpkin fruit. The Agrobacteria that contained
pBI121-CMTPCRBKT vector with CrBKT gene and the control pBI121 vector were individually injected
into the pumpkin fruits at 2, 5, 10, 15 and 25 days after pollination, respectively. It was found that the fruit
pulp was light reddish in 2- and 5- day fruits with darker color in pulp of 5-day fruit while there was no
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red pigment accumulated in more than 10-day fruit. High performance liquid chromatography (HPLC)
analysis of pigment composition revealed that the accumulated red pigments were canthaxanthin and
astaxanthin. Compared with the control, the carotenoid content in the 2- and 5-day fruits injected with the
CrBKT gene were significantly increased, which increased by about 1/3 in 5-day young fruit and
ketocarotenoid content was 106.31 pg - g, of which canthaxanthin accounted for 80.65%, astaxanthin was
19.35%, while the carotenoid content of the fruits in more than 10-day had no obvious change and there
was no accumulation of ketocarotenoid. PCR amplification indicated that CrBKT was expressed in the
transformed tissue. The result showed that the CrBKT gene could be only expressed in less than 5-day fruit
and it could convert carotenoid in young pumpkin into ketocarotenoid. However, the expression of
exogenous gene was discouraged due to the bacteria could not osmotic into the flesh tissue with the fruit
ripening.

Keywords: pumpkin; Chlamydomonas reinhardtii; f-carotene ketolase; gene; transient expression

K% PR (Carotenoids) & —REBHIRROER, il /o TGy, J0E. BR. 40E
Ry shk N, HATERIL 700 Z 5 (Britton, 2004), JEEAE b 206 AR HAT FE - d DI 68 G
HEHE, 1999), WRTF Z A A TR G MR 2 BATIHIRE A G, $em i )55 T g (Guerin et
al., 2003; Zhuetal., 2009). AHLCILARSRHIE b3, WSRO bR AAERMPUAML. JUEELL
SRS, DLHAR W GRL & tr mias g, TS HESh ) e AR BRI, R RS ) (F
FHE AR, 2011,

p- W% bEINEEE (BKT) Mg - 1% MERRAEE (BHY) ZUFE 3= & BaRie i 2 At n

(Kajiwara et al., 1995; Linden, 1999). BHY {Er et A7 06& /E - A A b % i A7 75, 1 BKT
HAFAET— S A/D$s ik (Kajiwara et al., 1995; Misawa etal., 1995). g - #H4 b ZBEEAE
BKT fER T, 16 CA4 AL E LI NEIEL, TR TR, 546 BHY B/ FEEURG 2 (Misawa et
al., 1995). MW, P CAE(E 3 - FRAUls, DKt g - SH2 b 300 M B Ar n) R 5 28 A i) ik s
B - TS MR S S A A R R, T RS Rl a] = 4) (Zhu et al., 2007; Zhong et al., 2011).
A BKT A AR IR b 3B IR 3R, 1S M BKT Y L G5 & o ) 4 & b
DEINE E (Misawa, 2009; Zhuetal., 2009). B AW AN, TEMH (Nicotiana tabacum L.) -
{UETT (Arabidopsis thaliana L.)~ 5% (Solanum tuberosum L.). Y (Lotus japonicus)~ tHZ b

(Daucus carota L.) “EFHY) IS RIEAN R EESERIENT B - FE 25 0028 R ), GX e BKTs
TR 25 Oy AR IR 2= (Mann et al., 2000; Stalberg et al., 2003; Gerjets & Sandmann, 2006
Morris et al., 2006; Gerjets et al., 2007; Suzuki et al., 2007; Jayaraj etal., 2008). Zhong %% (2011)
RIA E FEDIACHE B - HHEE D 3200 156 £ 608 S AL XL BRI 1, m] LA R s B - B S =31 £
WE, RPN .

AL IE N RMI L, BERS2RIE (Transient express) JAM%L, 224, HALRCR &, #AEW
B, AEANEIERIRIE L S 31D Re AT« 8 B A0 I E Ao LS SR R B AN T TR T2 Y H (Deng
& Laugsen, 1998; Bendahmane et al., 2000; Johansen & Carrington, 2001; Fengetal., 2003; %
& %%, 2007; Grefenetal., 2010, W RABEN KIE AW EEDIEE . SRR AR I E A T
7% (Manavella & Chan, 2009; Uekietal., 2009; Yoo etal., 2013). RAFE T HIBEI AL RS H)
FARKT R PR ARBE T K SIS DNA T N BAT 58 H4 40 U BE (1R 412 ( Yang et al., 2000). Zhu %5 (2007)
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FHAKT B A FAEAE W AR A (Nicotiana glauca) "HILFIE HAERFSEAEM Wi EE (CaMV) JH 813K 5]
ISR B - HE DM EE (ertO), TEMTPA SR T REMMEEHE b5, SEUHZR L
FH B 1 7 7 Ay R o (0 Bl b (1

MK (Cucurbita moschata) F%HFEWHRNE bR, TLEN - HE MR, HiKE a-HE b
ZF A % (Murkovic et al., 2002; Azevedo-Meleiro & Rodriguez-Amaya, 2007) . Murkovic %5 (2002)
75 4 b EE A IS g - W18 D FR - W1 DR BRI =508 31.0 ~ 70.0.9.8 ~ 59.0
F08~11.0pg-g'e HARMIUTSHTIIEALNY N EWEGHIEY - Y N&, BIHA NI, K
WATRE p - S D 300 S DR e N 21 B TG TR o AR v Jd e ks 5 2 SR A 1% I 2 1A 844
pBI121-CMTPCRBKT, RHRFFH A FBI ik, MAMNEIER CrBKT {EAR G AN [F] I R IR
S EIE, IS R JIBE I A AR 3R, DA PR 23 By v IR SR SI2 &/ 5 BT Ty e RUR H 1 TSR S 45 BSGUT
T 3% IS R TR A 5T B Al

IR

L1 iRI

PR B i——F /NN (M2, 852D, t) ARARNRN 7 B ik et 58 T IR
JUERRAE, T 2015 FHEFMA T MNENEE A 2 OCH N, FE AU E . B S 2. 5.
10, 15 A1 25 d FPARSAREEHEL; SR ACEE Chlamydomonas reinhardtii cc-124 i Chamydomonas
Center (Duke University, USA) #&4lt, K#EH TAP Hifel (Jk) Hi5%,

1.2 FRIEFHKrGE

{§ F] Trizol i (Invitrogen, Carlsbad, CA, USA), MEHRF G0 H AL 10% (114 3 40 i

FEHCE RNA . T2 O REVETE 260 nm AL454 BIRBEBEIR F vkl 2 5 RNA (9%, ] DNase |

(Invitrogen) 4bFE RNA #£ 5. K] SuperScript ™ III One-Step RT-PCR %4 (Invitrogen, Carlsbad,
CA, USA), 7£50 ‘C I 15 min 5% cDNA.

FIFH PCR AR MACHEE) cDNA H3k1F CrBKT JEKF41: N 5% CrBKTL-F F CrBKTL-R i
BESRAF )2 C - K 115 NEIERR 5 DG 10 CrBKT, HIhHe RN T HAR#ESS BKTs 3EIR (Zhong et
al., 2011), RHWFFBIUEN CrBKT W 54 K741 PCR )4t Hind I Xba 1 BV J5
EHR pBluescript I KS #HMNA E F=4: pCRBKT #4A&; KH PCR HiARME K DNA H N H 5[4
CMTP-F I CMTP-R %% 3k 14 RBCS1 (ribulose- R,
1,5-biosphosphate carboxylase small subunit, > Table 1 Primers used for vector construction and detection of
T N4 55k CMTP, RN carotenogenic genes
FBUGUE ) CMTP [{1)741; PCR Pe4pgeglifbfn - 5195 S19res) (57-39
Sal % Hind TR D)IE S 2] pCRBKT FIAHMAL Zr::;;;\k; }c)}rzlxn;;:/sxeg(l:eTn;ZATGGGcCCTGGGGATACA
B AENFANZIFEEAE, P24 ) CMTP I BKT ~— CrBKTL-R - GCGTCTAGATCAGGCCAGGGCTGCGCCGCG
W a0 S LIOMIIERS) oo
pBI121 [FIAHNA &, 7742 pBI121-CMTPCRBKT  ActinF CGGCCATTGAGAAAAGCTACGAACT
)ﬁ*ﬁﬁﬁ?ﬁeﬂ[&%%o ZIKEH:%EP{E)EH EI'UF,'/ I%ﬁ”? Actin-R CCCACCACTGAGGACGATGTTACCA

CrBKT-F CCGCCTTCCGCCTGTTCACTA
%% I, CrBKT-R GGCGGCACTTGGGCAGCT
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13 FESEERVYREBEHORTE

¥4 2 L #1431 pBI121-CMTPCRBKT JFi ki s £ 200 uL K151 LBA4404 Bz 40, 4
AT, AEVK LJBCE 30 mine AR K A1 B IFIE 42 TR 60 s, I 2K CE S min ¥4
Hlo FEAHE BTN 800 uL ) LB AR I 0L, T~ 28 ‘CHEURAN T & 95 3 ho HUIE i 41 14 BT
WA T S0mg - L B8 F M S0 mg - L RIBE RN LB R L, BT 28 CHEEH LT 2 d. AP
M EPRICRL R VAT ORHE 7%, 42 PCR %5 g W SR UV D) %8 58 o 4% 100 pL RAF R IR RN 3 mL
(1 LB WA IR (& 50 mg - L BEFHE M 50 mg - L RIBE ) THEE 2 d, 1#1L ODgoo 154 0.8,
TR A7 A N JTORE (0 AR KT B AT R A6 4K o

1.4 FNREBIR RIES

BRI ARAT R WA BB IF W (10 mmol - L MES + 10 mmol - L™ MgCl, + 200 pmol - L™ AS)
o, WEEILKEN ODgoo= 0.3 ~ 0.5, T =i Fils57E 2 ~ 4 hy FHEA 100 pL B EES 24T S4d A
FRIG 225210415 F1 25 d (09 F TR B P G ASVE A BB AR A BB PR R, BN NS pBII21
[P R TR R MRIZ B W . 3 d Ja DI WS AR IE R R IA 5 FEUR RIS b R a2k,

1.5 BERESH

VA FE DR R TTOR A, VAR T AR s IS WS O R, P L 32 B U 4 AT (HPLC 2%, BCRD,
AR B Ol (5417R, Eppendorf) 7E 4 °CF 120001 - min™ .0 15 min, FREGHHE b ZIEBOK.
ORI 2% Zhong 55 (2011) HFRIE, KH @ RCHRAH 4% (HPLC) v, (X% £ K H] Waters HPLC
%4 (Waters, Milford, MA, USA) %% 1 f8 Waters Spherisorb® 5 ym ODS2 4.6250 mm 43 #74.
%% Baroli 25 (2003) Frik 7k, st : M 100%% AL 2 @ FEE : 0.1 mol - L™ Tris-HCI (pH
8.0) =84:2:14, ARIILIIZLILHE KL E] 100%%7H B (HFEE : LR Ll =68 :32, 1ARILL), Widh
1.2 mL - min™', 4E4F 15 min, #:4 10 min ¥ B. (0350861 R 4276 H 300 ~ 700 nm, i T Sigma
F Wako AR HE €83 RE S RGBS S LI AR g B 3% T 480 nm MR 3%, 7E 450 nm
A N FE, HAFEMNBE 3 ANMEW T E . ] Excel 2016 Al Original pro 5.0 #F3EA T 54k
e

1.6 CrBKT EEFTiEHN

P N CrBKT ZER ik pBI121 FURL AR Z AL NS RN A KL, FREL 1 g FESR R, 42
I RNA. )] PrimeScript'™ RT reagent Kit with gDNA Eraser (Perfect Real-time) (TaKaRa, A%,
o ED R B 25 BRFE N 4 DNA JE [ 5 A il cDNA . IR B Fs e KA1 Actin 1E N SFER A TH 1,
i H] Primer 5.0 ¥ it PCR 514: Actin-F. Actin-R; CrBKT-F. CrBKT-R (3 1), PCR 43 ¢ N 4511
95 CHIAEYE 30 53 95 CAEME 55, X ‘CIEK 20s, 72 ‘CLEM 30's, 30 MEI[X CHAETAY T (I
) HRAAPER) T (s Actin 114 58 'Cl.

2 HiIR 50

2.1 pBI121-CMTPCRBKT #{f#yiE
DL pBII21 g iAA Ay ik 84k, it 514 CMTP-F Rl CMTP-R 371534 )R Rubisco /N 3E )5
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SHk(Cmtp), #FH54%) CrBKTL-F F1 CrBKTL-R
SRR T ACEBGE )G 1) CRBKT 3£ (Zhong
et al.,, 2011), MEEA CrBKT HEH BRI
L3044 pBI121-CMTPCRBKT (& 1).

22 KRFENS CrBKT EEHIBER RIA

I3RS CrBKT R RIFN pBI121 ki)
RAF A FRES 2R S 2. 54 104 15 i
25 d (FE IR SEH, 3 d S D) RS SR g,
RIFZHY G 2 AL S d Igh AL #E40 CrBKT ()4
W LA O 2 (K 2), 10d RSz R A
LEAE, 10d DL EMRSERA LA B EER

pBI121-CMTPCRBKT
vector
14 758 bp

LB Nos T “Sac I

1 FE$E pBI121-CMTPCRBKT #iERERE
Fig.1 Schemes of pBI121-CMTPCRBKT

R, HAEALZS AR o T TIUR SR A R B R R, KW 2 ~ 5 d RIS R T DABE I %

1 CrBKT LR 34K .

2 SMEER CrBKT #EIZHE 5 d BKSRH RIRIE
A: BN CrBKT AR B: BN (A A4,
Fig.2 Expression of exogenous gene CrBKT in 5-day old young fruit of pumpkin after pollination

A: Young fruit transformed with CrBKT gene; B: Negative control (transformed with blank plasmid) .

W 3 frs, RSz A (R
TR, B85 5 d YR, e
FIRBOR A 15 d AT 25 d Bk 0, B
RN B BB A R

23 FBREABREPRE MEEEMAN

Kl 4 BoR, #2805 2 AlS d N s
MR MRS RSN E S, M
10d LAERIRSE S MBAT REER: FNK
I, WSS N R EEAFAER MG 2 Al s d
ISR, 10 d BUG SR 2 bR /b s %
ARIEAE N3, E R I8 8o WSS 2 4
Mg

—_
W

RAIL /%
Phenotype ratio
=

w

&3

[ 3

5 10 15 20 25
kB R¥/d Developmental days

AHEARTRAAERBMLERE LR

Fig.3 Phenotype rations of developmental days after

injecting bacteria
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m {18 Control 0O #:4F, Transform

500 120 - ok
- S o i
2 400- * A 100
= o
‘on w e 80F
i E 300 C-
g ~ ©
\: ° e 5 60 T
S 2001 £ g
- 2 83 40
=) =
=100 K 20k
#® jnﬁﬁ ok
0 = 0 n.d. n.d. n.d.ﬁ n.d. nd.
2 5 10 15 25 2 5 10 15 25
KHRYd KHRYd
Developmental days Developmental days

B4 FRREXPHEAT NEMBERY NREE
*P<0.05; **P<0.01; ***P<0.001. n.d. FRARKNI.

Fig.4 The content of carotenoid and ketocarotenoid in developmental days
*P<0.05; **P<0.01; ***P<0.001.n.d. is not detected.

W0 (R 2) KL, WA RSS2 8 3R EZ R, ESE, o -
BONERN - R NEAR, BEEAN 23334 ug - g DW: A CrBKT ik (G HE R 4h b i)
MRS NSRRI 1/3, 435378 ug- g DW, HAFRERGE NEIME, S RKHY N
) 30.05%. [ HT KB, pBI121-CMTPCRBKT (KL ¥ - 1% N Z AL & i 52 1
o NEMTEMINE R, XM ERAa6, NnSERRGEAE NI, XRT - MR
INEARGSE R CrBKT v LAAERG IR Rk, Honl B E bR E R BiEEHE pEhE
BURMPER, A YR B SRR &b 80.65%F1 19.35%.

%2 EREMESdHHRPERE MRSEAR

Table 2 Carotenoid content and composition in 5 days old young fruit of pumpkin after pollination

K% h# Carotenoid K Pumpkin 48/ (ug- g'DW) Content I 43 Et/% Percent
I $% 2 Lutein 3L X Transform 201.45+16.27 56.94
X1 Control 194.29 £ 15.11 83.26
FZE I Violaxanthin I Transform 5.14+0.32 1.45
% Control 3.32+0.21 1.42
a - 8% NZ a-carotene HHL K Transform 28.43+2.20 8.04
X1 Control 24.35+0.15 10.43
B~ 1% N # B-carotene $FE A Transform 12.45+1.04 3.52
*f ¥ Control 11.38 £ 0.08 4.89
R 2% Astaxanthin 3L Transform 20.57 +1.25 5.81
X} # Control RATIF) Not detected 0
135 % Anthaxanthin # 3L Transform 85.74 + 6.03 24.24
Xt Control AATI E] Not detected 0

2.4 BEEREMES EHNERERESRN

AL CrBKT &K, pBI121 IR AN AR L EAL IR R R4 R M RO RNA R0 5%
cDNA, 514 Actin-F. Actin-R; CrBKT-F. CrBKT-R 53 5LL& 1) cDNA N JEWHEAT PCR 1., 4
A pBI121 Uk FIER L EAL IR B cDNA 3899 CrBKT H 47, Ml i RIEM B ) CrBKT F&
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DI IL 74631, 10 Actin FERIE 3 MRS 2t (B 5D, BEWIANIEIEIN CrBKT fE 7S JRAH R &
&

pBI121- pBI121 A4k
CMTPCRBKT unconverted

5 BRiRisE D EMEERARRD

Fig. 5 Detection of target gene expression in transient expression material

3 e

BTN HHRIEL Y] CrBKT (EAURE 7 50 R S A 1 20 3K 5 ] oA it v AR SER T 3%
AR, FAARLO RIS b2 G 8 R AR 20, A - A B R Sz S IR R 21 (4 i 21 €4,
(Zhong et al., 2011; Huang et al., 2013a). 7EHARRZE, Wz, PO I A W H Bk s 22
TEANE LR () 7 96 UE JE IR B AE (Li, 2007; Huang etal.,, 2013b; IR HIRHy - kil 4%,
201400 ARG o i RAT RN LA R, WA AGEE CrBKT JEA) pB1121-CMTPCRBKT #if4
AT TR TRV N i AN R R i IR S, AW e 2 ~ 5 d IR i T ar o, HS
d IR d . 22 HPLC 0T R ILL A (0 28 0 M s AR 3, BEUZ AR RE AR 4 SR b KX,
I B - A DR ROVIE SN N R, MRS G 15 d DL ERR S P &AW AR S b &
AR, ATRESE BT SR SE A R b b AR 308, IRV, B R AR ) ) 3 K BUk
FE B N G TCVEAT I o

H A S PR TR T B U S SR ) S D 32 G s AR DL il BE 2R 2 b S I T
R %, WG Z AU IIACE CrBKT JE R4 N0 5 7ERE ) vh AL O BE 280 4 b 22 1) Dh fg
o T AL EE IR PE I SE A (Mann et al., 2000; Gerjets & Sandmann, 2006; Jayaraj et al., 2008; Zhong
etal., 2011; Huangetal., 2013a). AW HHENFIFNGE CrBKT A Pz IR N 258 4Lk
AT, SXTHAHLL, B S 5 d ARSI R SEEHE P RS ELIENT 173, 2T 106.31
ng - g MERFEISIE N2 1 10 d LA SRS (S B b 3 R W AR o AR X 5
AL IIIFSE (Hasunuma et al., 2008) KIL, CrBKT #eAbARh SRS N & 2 MBI n fe 2 th
T CrBKT WA FBORAEHIZE 51 )0, AR RIS . #F70UER, A RPN 5 A1) BKT
1 BHY HIEIA—FE, Huang 25 (2013a) WF5¢ & IAE L FE D3 5 A f L sizrp U N BKT 6 £
SE AR S R R SR O SR PR SRR 9.2%M 15.9%) 1k, fAEEZ HfA
[ N BKT LR BHY LKA e =8 2 47~ ir s 25 . MR 7+ (Zhong et al.,
2011) A% (Huang etal., 2012) " - N BKT #tAEH 280G IR S 2. WARIE L~ Iird £5
HED (BEE PESEM 5.81%) ATLEN AL g - 18 N FEIRILEE A i = st
A RE 822, DR VN B - B N 2l S D AN B & B 22 IR 52

g EPTR, ARG SET T, 2~ 5 d IR LA LF I AL NIRRT CrBKT, & i 325 A
&R, ORI MRS EWENGIN, (ORI SR AR I 2R AR SO g A 2
A I i AU ACBE B — A S 22 N G S DRI RN AN I B - B b 2R A
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