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M R AL HAR pChla-4CL-PKSL. i iT ¥ 454t 69 7 %45 PSAD B %) F 3R 3 49 Ak &2 B 4CL-PKS1 46 A
FAREHRE (CCL25) fotmf s A A B R%E (CC425) . 4R A& iA ACL-PKS1 @A EAWNFARNESR
REF sk B E B RET, WERLEHAH 6.7 uglg (%F) 4259 nglg (%), &F XXM+ # 5
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Overexpression of a fusion protein of 4-coumaroyl-CoA ligase
and polyketide synthase for raspberry ketone production in
Chlamydomonas reinhardtii
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Abstract: Raspberry ketones have important therapeutic properties such as anti-influenza and prevention of diabetes. In
order to obtain raspberry ketone from Chlamydomonas reinhardtii, two enzymes catalyzing the last two steps of raspberry
ketone synthesis, i.e. 4-coumaryl-CoA ligase (4CL) and polyketide synthase (PKS1), were fused using a glycine-serine-glycine
(GSG) tripeptide linker to construct an expression vector pChla-4CL-PKS1. The fusion gene 4CL-PKS1 driven by a PSAD
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promoter was transformed into a wild-type (CC125) and a cell wall-deficient C. reinhardtii (CC425) by electroporation. The
results showed the recombinant C. reinhardtii strain CC125 and CC425 with 4CL-PKS1 produced raspberry ketone at a level
of 6.7 pg/g (fresh weight) and 5.9 pg/g (fresh weight), respectively, both were higher than that of the native raspberry ketone

producing plants (2-4 ng/g).

Keywords: raspberry ketone, 4-coumaroyl-CoA ligase (4CL), polyketide synthase (PKS1), fusion proteins
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1 MBE5FE

1.1 ##l

FW AP CCL125 (Hf/EAY, mt+), CC425 (4
JfoBEBRJC T, arg2 cwl5 mt+ sr-u-2-60) FIAK 4
KK pChlamiRNASiInt /1 i #R I VT K245 55 H4%
HOBE KRS IRACIE . TAP RigR L SEACR: J7 L
(CC425 M AKEE MR 200 pg/L), TEJRE K 25 C .
JEHAFRE 30 pmol/(m*-s) T, &R 16 h, 1537 8 h.
1.2 A%
1.2.1 WREEHYA A 4CL-PKS1 Rix B KM
=981

fz B Horton % ) & & % i (Overlap
extension) J7 744 4CL KL K 5 PKS1 & [H 3 1o 1% 42
kR e — P B MR AN JE R cDNA J¥ 5
W ESEMSY (F1); H54 FL A P2 i
JHE ACL (GenBank *%5%*%5: NM_001325625.1)
cDNA 741 H51% P1 fil R1 348480 PKS1
(GenBank &5 . JQ654448.1) i cDNA 41,
&5 5149 FLA RL 935 HT A9 38 M IR &
Yy, B3] ACL FI PKS1 Bymh & RN . B mh G 3
P % A Z84K pChlamiRNA3int /) Nde [ #1 Xba [ [iff
I7 5, B AR5 1 GFP  BER 153 gl
JF ki pChla-4CL-PKS1.

R 2 A A 356 2 A X1 4 2 00 i 4 g vl Ak
o AW MIAE AR TAP 35353k vh 1% 3% B0k
K OD750=0.6, HX 250 plL 4 fifg B Fn Lk v Ak o
KA TR 0.4 cm HEEM (3EE BTX, 122)

*1 EEEHPCRIIYFT
Table 1 Primers used in overlap extension PCR

A HZEFLIL (BTX EMC399, 126USA) Hi
k(1800 Vicm, 1-fknf, 1ms), HEZSH)E
PR AR WG I T 1 mL TAP JE e #4555 38,37 C
KPR 557 5 ming S8R5 HEATERREFE 48 he 7
%A 5mg/mL B JpE K (Paromomycin, Par) i
TAP By 1A i 1 2 S R e v
1.2.2 ¥ PCR ®iE

S8 F 2P S PCR I IE i, BRIC1 mL
BV OD750=0.6 £ 95 C T 5 min JGA
—80 ‘CVK¥ 10 min, H4 3 P4 A< 3 M —-80 CHELH ,
iRk )5 6 000x g B0 5 min, B 1L EiEBRAE
R TEEYE PCR BiiE . PCR Y S T A -
94 CHiZEM: 3 min; 94 “CA:E 305,58 CiE k 30s,
72 ‘C#Eff 1 min 50 s, 33 MG ; e 72 °C 5 min,
PCR {ii /i PCR i £ (Transgen Biotech), il /5iiE
S 4CL-GSG-STS ¥4I E i .
1.2.3 DI BE R A $RER

W5 3 T A PR % X BUE K] OD750=0.6 B
OSSR ACHEDTIE , FEFRE 1.0 g, AR AT
FEZRMACIR . KEEMFEE S INA 100 mL S {5, ik
JEHCE 48 ho BT A g, IR RS
PR IAIETT 55 “CHéZE, Ja A 20 mL 60%0 {415
P BT, PN 5 AT A 2, 2
FEIA 2 AT 2R B A, BUR 25,
4T 55 ClEzE, WEZE5¢)a 1 mL g9y i
fi#, WA 5 mL B4, 6000x g B0 2 min, &
O J AT ML RS i R 2ok 00 28 2k, B mT 45 3]
B BRI HLY) -

Primer name

Sequences (5-3')

F1 ATGGAGAAAGATACAAAACAGGTTGACATAATTTTCCGATC

R1 CATCATTCTAGAGTGATGAGCAACTGGTACACTGTGTAGAAC

P1 GCTGCTGGGCTTCCAAATGAAAATCTCTACTTCCAGGGTGGTGGTATGGCACCATCGGTCCAG
P2 CTGGACCGATGGTGCCATACCACCACCCTGGAAGTAGAGATTTTCATTTGGAAGCCCAGCAGC

Note: F1 and P2 are the upstream and downstream primers of 4CL gene. P1 and R1 are the upstream and downstream primers
of PKS1, respectively. P1 and P2 primers have partial overlap to form overlapping regions after amplification of 4CL and

PKS1, and P1 and P2 are the sites of linker peptides.
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1.2.4  WREEH =9 R OB g R

i Hlc A Agilent ZORBAX SB-C18 250 mm
FUAA 1% K A Water 1525 25 20 M (351X . % &
Fk: VishH A BEEFI B K, Wi 1 mL/min,
B BE PRI 45 1F A 0-10 min. 0%, A 10-26 min.
30%, A26-28 min. 30%. %5 i 5 A i i K
275 nm, FRAEMZ A FEAR AT B AR o B
1000 pg/mL . 500 ng/mL . 250 pg/mL . 125 pg/mL .
64.5 pg/mL AR, R HIAR T4k .
1.2.5  FEER =9 B A )

J T #EZ HPLC-MS 43 #Mr, WA 3% 76
Agilent 1290 infinity 11 212 HPLC 2% Fiff7™,
AR B A 25K . LS SE 2 T (ESI);
IEEFAH; Z2REN (MRM); HUBESE Bk
(1S) 5 500 V; FALSES (GSI) 448.175 kPa; X,
WS E S (CUR) 68.95 kPa; Ml %11 (GS2)
448.175 kPa; BFIRIREE (TEM) 550 °C; &Mk
XF. BRSO, BiEES AR (CE) MERHLE

2 ER5AW

FEfR 5 A 7E—iE , SRS PCR §1% 4CL-PKS1,
A pChlamiRNA3int 15 5] 3 1k 4CL il PKS1
AlA H F A E 4Lk pChla-4CL-PKS1 (A 1),

#ikrh PSAD JGah T ERAKBENEG T, 7l
DASK Bl 4CL 1 PKSL il £ 55 DX 78 3 14 A 3 h i &K
Fik o EEMT 3-BEMR L ANE (aphVI) HAHE
o5 R IR, AT A iR R DA S B AR i
IFEALACHE R UL N 41 DNA FLE RNA, fEig
P K ACL-PKSL JEH, MR R, Al
ik DR e e TR A 988 R TR 4 2 4 B AR 5 )R RE S IE
W RIK

22 WMERAERAMEE

Sk T RGN B A P A A IR DR A R B R
B, MBI SR U A2/, I & A0 A £
i (HPLC) 0l B 5 Il 1) 1 i o 3 6 DRI SR 1A AK T
CC125 5 CC425 1 HPLC &l v A %5 2 H W 25
g (PR B ETE] R 22 min), 1 3 AR 7R 3 DU SR AS
FIWRFEIE (B 2). i XA s B k1 a4
i LC-MS 4 #r & A — 4B 18 A B &g i 0
(165, ©MEA) (K 3A); Z R IEN (MRM)4H
SR RE R (0 72 S T (119 1 147) (1K1 3B).
PLIL, B i o0 BT it oA 2 5 DR A e = A T R

2838 bp

21 REEEFTEHMMWERINCEEL
B4 4CL Fil PKS1 (Y cDNA Al ES
A Nde 1 Xba 1
<1ph‘d’|[l PSAD promob RBCS2 intron 4CL-PK> PSAD 3’UT}>
1 2 3
B
gDNA PCR
1 FEERERTETAREREKXE

Fig. 1 Schematic diagram and electrophoregram of fusion gene. (A) Schematic diagram of pChla-4CL-PKS1. The
fusion gene 4CL-PKS1 was cloned between the Nde I and Xba I restriction sites of the Chlamydomonas expression
vector pChlamiRNAS3int, resulting in plasmid pChla-4CL-PKS1. (B) electrophoregram of pChla-4CL-PKS1. Lanes 1
and 2 are the bands of the fusion gene 4CL-PKS1 of the transgenic Chlamydomonas CC125 and CC425 respectively, the
size of the fusion gene is 2 838 bp; lane 3 is non-transgenic algae.
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Fig. 2 Production of raspberry ketone in Chlamydomonas analyzed by HPLC. (A) Strain CC425. (B) Strain CC425t
(strain CC425 transformed with 4CL-PKS1). (C) Strain CC125. (D) Strain CC125t (Strain CC125 transformed with
4CL-PKS1). An asterisk designates retention time of raspberry ketone.

PR 1 A 25 A 7 i 10 SRR € 5 SR A B o o e £
y=4 825x—14 983 (R°=0.999 3), %% KL [K| A< e A%} 25 ]
P4 WA THTFRE i 43 BT A 1) 2 R DR SR T AK 8 CCL125 1Y
WL &l (6.7+1.2) nglg (BETE), 7ER:3LH
CC425 & (5.9+1.3) nglzg (). Fifl
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Fig. 3

Identification of raspberry ketone by HPLC-MS. (A) The raspberry ketone peak (165) was shown in Full Scan

LC-MS. (B) The product ion peaks of raspberry ketone (119 and 147) were shown in the Multiple Reaction Monitoring

(MRM) scan.

3 Wit

FIFIE R A AR 4-7 G HE-CoA B
(4CL) FIZRMA &M (PKS1) ZENF AACH:, W)
i B BE DR AR o 3 o YA €5 R B A T 3
FE PRSP A S AT R P, R TR A LA
4CL-PKSL C I AR AR BIFRIGRIE, &
S A S P A BEAE A A W SO v A, SRR REAR
S PEHUA R LB BRI, 7R RS S MR
B RAEOU T, e i DR 31E B A ) 46 ) 1) e 2 7
AT CCL25 WERE S E 2 6.7 nglg,
CC425 #ebky" it/ 5.9 pglg, FEAKBEREFIARIT
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4 CC125 BEbk ™ & 22.33 ng/L, CC425 HE#k™
TEE 19.67 pg/l. HARET AR T SR TR A 5 rh RS g I
14 55 S W v T A M BE O R {H A S R v
It G 2 75 3 D A S B Y AR AR H B fh R
L0 B R s 2R S e he, DA Db A 7= i e] 8
SR ICIR R o e T IR 36 T A T P R R T 1) 5
A2 R Sz POl R R 5 i (3.32 pglg) 4
w2 M52, (AR AR TR A 1 R ek
BEN R A I

A S 5 H R 3R D A S A 7 T £ AR R T
(LB 2 1) ) 2 RO A8 52 S RO ] L 2 IO B | 3K
A OD A5 R sgm, i 2 h b A #E A=
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