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Advances in chloroplast expression of recombinant proteins in
higher plants

Youhong Lin, Xiaying Cheng, Dongfeng Yang, Zongsuo Liang, and Zongqgi Yang

College of Life Sciences, Zhejiang Sci-Tech University, Hangzhou 310018, Zhejiang, China

Abstract: In recent years, gene engineering is developing rapidly and many recombinant proteins have been expressed. The
use of plant bioreactor to express specific pharmaceutical proteins provides a new way for the prevention and treatment of some
important diseases in human beings. Nowadays, chloroplast genetic transformation and expression system has become a
research hotspot in plant bioreactor. Higher plant chloroplasts have unique advantages in the expression of recombinant proteins
due to their special structures and inherited characteristics: such as high expression, site-specific integration, and the maternal
inheritance characteristics of exogenous genes. The maternal inheritance of chloroplast is helpful for biological safety of
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transgene escaping by pollens. Many important pharmaceutical proteins have been successfully expressed in plant chloroplasts.
As a chloroplast transformation model of higher plants, tobacco has made significant progress in the expression of
pharmaceutical proteins, such as vaccine antigens, antibodies, and other important recombinant proteins. Chloroplast genetic
transformation in higher plants also provides new techniques and methods for the study of chloroplast gene expression and
regulation mechanisms. In order to provide a new idea for the development of chloroplast expression platform and the
expression of important pharmaceutical proteins, this review outlined the progress of chloroplast genetic transformation system
in higher plants, including the chloroplast transformation principle, vector construction, expression of recombinant proteins and
important pharmaceutical proteins, and the effects of recombinant proteins expression on plant metabolism and traits.
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MaR R — 2 BT RS, A ACH
FEf) DNA Sl . Fst MR R . AR LA
UL, B R S R D AR A A W S R
TERL, WOHAERL R 5k | BHIE55 J Th 2HA JRAZ Ay
BT e Sy S PR R DR 2 R — K B D
J¥%) (Large single-copy region, LSC). — /M iy
FYEDLF 1] (Small single-copy region, SSC) L4 &
B e AT 4 B I P A I AR 81 (Inverted
repeat sequence, IRs) ZHi; HAL# 120-135 4>
FEH, Horb 76 AR G AN R R L, AR
JEH 4 RNASEL,

I S A8 A% 2 AL I B i SR AR S M R Bl T
LAk K 5'-UTR FiI 3'-UTR 1 #h 53 K 5 e
G, FRAMIEIEDR | BEFEAR I R e ik & S SR
S U 14 [R5 H 4 R Bk (R AL S R R Ak, Rk
A i R M i a PEG B AN 4RIR S, R
(] Y58 2 20 RS U S A Gk H B SR R R B A
WHER AR RE R A, f5 i 2ol e 4 i ) RN 22 A i R A
P53 [Rl BT AR AR R, S5 B4 6 DR A o 5 N VR Rk o
AL R F Ry 4 DR 1) WS A AN SR
KB RIREUER; 2) Rk LT A SIETFRE R
HIE A F; 3) ik 2 A3 ik KV fb i
B 4) SNIEIEIN e B AR bR S A rp ek el

AP EE LR 2 7 91 2 S B A TR v sl R s
YO, ol FH e 22 1 2 i S (A R DR 2 P T v v 3R
IKHY psbA HE[H L )T PpsbA F1 16S rRNA #:40 1
BJR 87 Prrn. ST HGEFR, Oey S57EAMEIEA
fy 5'-UTR fin_EREFA T7910 751, EAEAE
ik 5 3k B 40 M AT ¥ M B B P (Total soluble
protein, TSP) ¥ 70%M%*,

[Fi] 5% 2 B SRR T 2 AR A ) - S A T [
ZH A RS KL ZH A 23 B B IRl ) DNA 7471
HAT R e, B, KT ok It
PR L U B PR S AR R 20 1Y trnl/trnA
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rbcl/accD, trnf M/trnG } rps7/ndhB 254 5, H:
P trnl/trnA 3 e DR 5 AR i T R B R G A
TR D9 e (o7 11021 L 3 A A BB R RE R
I A PN 5 IR R 5 R RN 38

IS AR a8 15 i Ak v A i 3k PR PR B 1D R ok
H KIA#F B Escherichia coli 1) aadA JE[H . EEE A
S hith 1Y) 2 FEWH -3 - I BR B R I R A IR 3R 2R
o P R AT SR A 70S AL HA
FRERE, PRRAR, BIFERD, fi aadA 2AEHN
IS A 18 A4 B AL e PR AR 5 R A de e 1 0 o
el A B 5T i B 1 2 T S B T £ T RS T
WERR % A Bl B Rl S R I B0 . N I &
Tk 2% B W 235 A BN C o O IR B A% Il 45 ) Sl e TR )
EH, BHAMNZARGRNIrE, BABRE™Ad
e AR AP

2 AMEFEWRE

F T 0 R I S A SRk 2 B 1 LA ARl R
. RN BRSBTS,
REAAELEERAGMEMEART, QFEHUA. 4
KT B R DL S B i S A
Rrhih ik (% 1).

AN EE (Human immunodeficiency
virus, HIV) ZRAGM ARG LG AL (Acquired
immunodeficiency syndrome, AIDs) Y 3= 55 J5
Wo BT L= 5% AIDs A RURE S
PETE . 2012 4F, Rubio-Infante 25110 HIV 5 2 i
1 gpl120 [AY V3 HAN C4 54 35 41 Ry SN
BER, TR B R vh iU Rk CAVB BTl M .
ELISA i /s & v B fif M - v C4v3
OB REET 25 ng; PUE 4 k. BK 15 pg
B30 TR ME SR BALB/C /NG & B/ B P 7
AP N, CDA™ T 4l kB4 HA
IFN-y A2 A%, UE R QB S A b ik 9 CAV3 EE
B G TG e
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Table 1 The expression of recombinant proteins in higher plant chloroplast

Year Recombinant protein Application Expression host References
2004 Betaine aldehyde enzyme Enzyme Carrot [24]
2009 Multi-epitope HIV antigen protein Antigen Tobacco [25]
2009 Lycopene-B-cyclase Enzyme Tomato [26]
2011 Anthrax antigen protein PA (dIV) Antigen Tobacco [27]
2011 The fusion protein of CTB to human proinsulin (A, B, C Medicine Lettuce, tobacco [28]
peptide)
2012 HIV virus antigen protein C4V3 Antigen Tobacco [23]
2012 Interferona-5 Medicine Tobacco [29]
2013 The fusion protein of tuberculosis antigen ESAT-6, Antigen Tobacco [30]
Mtb72F to CTB
2013 Vitamin E related cyclase, transferase Enzyme Lettuce, tobacco [31]
2013 The fusion protein of Ecotoxin-4 to CTB Medicine Tobacco [32]
2013 Four epitope polyphenols of Dengue virus Antigen Lettuce [33]
2014 Xylanase Enzyme Tobacco [34]
2014 Human interleukin-2 Medicine Tobacco [35]
2014 Human papillomavirus E7 antigen fusion protein Antigen Tobacco [36]
2015 The fusion protein of Human proinsulin to protein A Medicine Tobacco [37]
2015 The fusion protein of Toxoplasma gondii SAG1 Antigen Tobacco [38]
antigen to LiHsp83
2015 Basic fibroblast growth factor (bFGF) Medicine Tobacco [39]
2016 Active oxygen clusters scavenger enzyme Enzyme Tobacco [40]
2016 The third domain of dengue virus membrane protein Antigen Tobacco [41]
(EDIII) antigen protein
2016 Tissue plasminogen activator rtPA protein Medicine Tobacco [42]
2016 B-glucuronidase Enzyme Tobacco [43]
2016 Polio viral capsid proteinl Antigen Tobacco [44]
2017 LALF3,.5-E7 protein Antigen Tobacco [45]
BT BRI AIDs IS TE, 2015 4 BURAET LRIV, RO AR, 5

Rubio-Infante 25UV 3k — 5 My gl FI 38 T Hk &
L TR PURE A Multi-HIV, 24
SRE A3 W15 B JLR HIV Bk & 59 gp120 F1 gpal
EH, BARAR B4 T 40 rShag.

5T 3 FH AR S A rp S B Multi-HIV 22
T BALB/c /MR, Z5RFEIFESIA TS gpl20
V3 F A1 gpal ELDKWA A0 114 o T A RN 4 5
THE v AERG Mg 00t R B gp120 1Y
C4. V3 Z5HI A gpal i) ELDKWA 251517

http://journals.im.ac.cn/cjbcn

IS 45 BAFAA F6 IR I E 4 Multi-HIV iR & EAE
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P19 M) FTB, EIRTEME SRl G
I8 LALFs.5-E7 I0IT IR, DUNSGE HAER
WAFF B RGP RIRRAUT )8 E7 24T
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T . EAMEWESERBITFRE P REN
LALF3p.5:-E7 5 1 85 FH RETE /DN BUA N B 51 & fie
FESLIE, FEAT g e s - R
\AEAMRBCMAifL T2, fFR2AE " HGRT
HPV (1 20 3% 14 .

2016 4, Chan 21y LI B -2 (AR - 45
G ZRIK T — P BT X1 B IR T 4% 9 1D o i 2
B CTB-VP1 (Viral protein 1), VP1 J& T & &6 JK 5
RIGHEARTCEA, SHAREN IPV (Inactivated
poliovirus vaccine) A[a]. 4 Z -S4 b 23k 1 M
MRAmas e i VPL A= 77 AL, HIJCFRARIR PRz
iy ARG 5 VR TR ) A AT BT IR T AR AR
Horb & e i s A Re A T IR AT &, R
FREIF TG R o 0 2 0P B 1 R P v A e T
PEEATRI , 25 WoR . — 1Y 1PV S5 T 4 AR
REA RGBT FPUIAR I AR B, (FORS RS A i 1Y
ROR A3 i 5 A I A s A% 1 VPL U fE
P AR BRI T RIS SN . BESEH 1PV I
IR VPL HIRAHSS &, JF4H LU YA 50 st
(Saponins) FlIffi &4 (Squalene), 2% H % BLXt &
BEIK T 4 Sabinl, 2. 3 =Flg s bRAR R BLH T &
UK PRI, HoIE B35k 5] 70%-90%. 5%
B 25 SR Ry T BT E K B A B AL TR iR A, R
R 7 AR L R T 22 e v el G RN 23 D DXy o
THEE o

SR B B A R B A, Rk B
BIger A b E TR A BESE B PR AE
TSR R R R, AR SR, TR

LALFz.5 (Limulus polyphemus
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0 A 2 i e 7 A i A A Y HL Al o 2 A o
SR LA PR R ) #R A . 2013 4, Maldaner
A O /g S U T R T — L X A
(Dengue virus, DENV) ML A5 114 U 2037 22 JE Ak
PUlst, A TR RN ELISA #ili= 7] & i ry
%

Frogptaish, AKET . TIREHYE
I — B M S AR SRA ST RN o BFan, 2011 4%
Boyhan 2775 2 3 I s i S A4 R N 60K T
ERLHER B WEMABRS R (A, B, C IO
flaE M. M hEHEAREESYIRT] TSP Y
400614 b o 1T IREG T A E 20 AR A i /) Bl
BN (1B :e SR S R s e s e B S (1
3%k . 2012 4F, Khan 252 3 T T4E % IFNa-5
MM EorE g% (K SR 3K #K K (LBS:PrbeL:
RF5::Prrn:aadA:TpsbA:RBS) J 5 A I &g {4 rp &
iko ELISA Farill & B H 40 35 1 5 s e i v
I k%] 4 372 pglg. 2015 4F, Wang 2Bk
T B S5 A v ol D 2 K P 2 4 4t o A K TR
+ (Basic fibroblast growth factor, bFGF) .
Southern blotting & 4% S IF S AR R EE R 2 44
PETERAARSE N A rf s ELISA g BRI 8 /R 5%
FBAEPRI i A E S B TSP 0.1%.

YA AR P SRR 2 38 25 1 B 1 i B
kliZ, ZEEANRIEES HARSEYIGEE.
PRI, o SRR M AR 3Rk R e oA T R LRI
AAE ) £ ) S i (A I 5

e [ Mk B 27 B A BRI 58 i P R Y 4%
P14 I o A R R TR S 6 2 A S AR M A a8
Ay AL IS TR BUR SR TR AR
M2 Gk T F B T R B TR VPL
DRI R 7 T R E2 N O g Y
REV o ULHT, FRATICI % AEAR B M-S b 43 il
BT ATIEYE TRAIL 2 11 ORI St 5 i i ity 4
P4 Pyrococcus furiosus AT &5 i o-VE R EECY, Jf:
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A% T 2 B 100 240 R P 1 2 K R A BURR T e A
A O S R v 5 A 1 B R DR A R, R AT
ik R AL Rk R — A AR AR E N
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3 EAREAEAERPRENY

e R YDA ERI R 2 . Tl
Y5 R R 2 S5 A (R iR, (i SRR SR A
Tk A — 2 M LEYE . H—eEmAEAD
FEIk X SR AR SRR B BB R A —
(95200 . B2, Dhingra %PedI % N gk 4niE
IR SRR rh Rk T SRR A LN, $R R T AR
PREGTH EEPERE ; Yabuta 25 BU7E AL S g ik h e ik
AR EMCHIALEE . MR, A
YR E SR AE AR TS . Kk, @
I SR AR PR TR AR Y B 4 R I R R 6 AR AR
ARFNACH I RZ MR, SRy IS4 A 1y SO #4512 RN
I B AL SN U 2 S AR -

2009 45, Apel 25U iR KA E N X BV
R, TEF AR b o3 R 2R3k TR IR TR A
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FKE N R AEY A AT REZ KA AL T 4L % -
B-IAL G EL K 238 7 Wy i R . 2015 4F, Roding
R e SN R SIN e il L]
A BRR R A, WEE TL A AR 2 2L,
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MY AR s Xl RIS b R F R PR
PEARRE I, Bl TR 2 R BRI )2 &
AL, REAFEOERA BN, SGEENZE
A

A SRR R TR T MR R MR AR
Y& BAH S48 KT D Re 52, E— 200t
FEWAE b ZAEAPIRN ARG AL, SR
REAE i = AN IR L IR 2R3k i AN AR ) A 766
YERBY IR+, A S50 A] B A ) 240 B P 3Rk 0 F
TE R U NS AR RRAT 4 1) A= 07 b

2014 4, Pantaleoni Z:BYLLIH 2 24k -
B FRIBT R TR o 0L X WS L AR S
A FRA AR B AT RN S AT, B SRR TR AP FLoi
R A AR I B e DR R R 3 3K 198 R SR il il T
AT 2 A A B Ry s (HAR ROl Y 2R s 4
fdt e A bk 1) i S AR S TR A8 A T 8k, sk
FEARB D | VERYBORAS K o SlAk 5 B AR SR BH i AE
4 CTAABRAE 124, WIS AR H LT
AT THAER . UL, 7R R 2 R R
B E A R RBERE , BRI . ERHI TR
HET L

OGS mE AR ET . B A
GE R A M B g A v 3Rk A AR ) I A T
(Superoxide dismutase, SOD) =4 bt H ik i Ji i}
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(Glutathione reductase, GR) £ i Bt 46 75 7 42 7%
(Reactive oxygen species, ROS) MIIHERIEE, IF
U AR AR AE R T RN, BEAR UV-B HES
XA B o R T PRI BRI A I SR
L AR A 38 2 R 0 23 52 T 2o 4804k ) T 1 3 B O
1, Czégény %1 fr ot ik p LR %35 T GR
FLEPTIR M R iF L (GR plus DHAR). GR FiI
B H K S H#R2H (GR plus GST) mlv& L, il
X UV-B &G 5 % A AR R R A Ak 1 45 2R T
ZHRGHEATINE , PSRRI TE A bk, WA
ol 2t A A ke XoF 2o S 0 Tl D AR 1 2020 5 GR
plus DHAR %Atk AR S TE BRI L Bl i
THERIRE S B m AN R . X R B T AN N PLIR I
AR -4 W H KAG PR AEE B UV BRSO T, B
SRE A HRIESE B e AL AT, BUIR AR BE TS
PRI | E AL UV-B BREEY, A
VE# 2 BB AL 15 B o S A U= K IR UV-B
YOG EE R 2 o fHLsK S il Y R 3 A ] 52 e A 47 £ 34
s ZEHEIRA IS

DL EAE Y ek rh IR A B P L 4
P25 55, DRI e AR AR AR PR PR A 36 7 A 1 5 i)
WEIH 2N, ERFFEHEN A SIS TR A
filt EXPECHEA TR A ko, AR E A AR 1 SAEIR
AR Z TR A ELAE P, DA T A5 20 /E A AL B4
AL AN EAEA . B, T AL
Ntk RKE RS, BEHAEAOEES SHIRGES
PR S AT BT R Z S, (AR AR A
Kl ae B R BEUOERA F AN, MR 4]
&R Isb,

TERFE MR R AL E (BRI, At
3 A L DR TR W R R R IR Y ) R A 5
2017 4F, Li e MBS bk h ek ok 1 R A
I3 T 6 B 119 hpaXm FE R A 25 BRIZ R N st — B 2%
MG S IKFS (1-45 bp) AIZARIR . Gy BN A
WA B 5E%E hpaXm | AE MG h 3Rk 5 23T
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P =AM, ANAEIE . ZORiiR . ANHAZEE = A
BE b T 2EARIA hpaXm 19 BRI ZE M- 244K N, G
LRSI 2B [ I A AR R B A i
M IEN] N i — Be U = K e 51 % k94
hpaXm S&[A IE# D REH A R 20y, [HAEH I
AL E A o

4 oAU SN AR B R A AL AL

RUEVE 2 1 W SRR A R SR AR )
(HRES . ot h3e. B8 NEE) MR i) 3k
ik, (AR AR A2 BRI I S A R TR R
KRR EE N ZR JH, Menrs
H T OALSMEIEF T4 . R R s SR
IREASE, DU S /ML R R IR &

41 i 5umiAEFS, ReEEHERRIEE

AT Kk FERESCREEMA S
A FERMBIFEK B 22 5% . mRNA FE BT
FENE . IR RIB Y S A R IA
A, DL S i R oo i, 2016 4F
Gerasymenko Z:MSh B4 22 41 R L 1R 43 31
3¢ %. Phaseolus vulgaris L. #{FgJ% Arabidopsis
thaliana ) rbcL HE[N S EFEF4H . BEREH 15
Medicago truncatula Gaertn f#*) rbcL F1 psbA J [K 19
SN G, BFSE 5 A P A1 A L
FEM- 2R RN e R4 2R R B RE A
) psbA JE R i 8l 1 Fi1 5'-UTRs J3 51145 1 B-1i %
BT IR Tl 92 35 B de v, AR TAEE P A 2-3 15
S ELHY rbel B[R 87 F1 5-UTRs J7 41 A 1 3=
IRTEHEE TAHEL rbcl JER B SRR o i —2
WY K UL 18 psbA JE IR & B (1Y rbeL
SRR KT B S AR KRt #EFE 1L
FEAR B~ 2 AR T R T 1 v Rk F 252 psbA
SN 5'-UTRs J741] 1) BRI K- B 5200

2013 4 Kolotilin 2P #5311 4 R 7] 1 2%
B (CEC1-4), U i vy > £ 4 < g 7 M 0
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LR R IA R . BFSE AN AR SR BERE XynA
SMNBEIEN, MHEE ov.81VO MR MEEIL T 4. 454G
AL SRR AR KR . mRNA FIE 418 11 A9 R
SHENL LB, PRIk & W IEE+SD: aadA: TpshC
1AL (1EE #65I F [ ik TofF; SD &2k A 4 A
T7910 5-UTR )7 41); Lk psbA F K5 8+ K
H S'UTR FF41 (B0 T7g10 F51) . rbcl JER &
1k A A0 5 3 DX 3 455 7 31 g e 4 i A AR
HRRE, —HEEHEY cv.8lve 4R~ 4&
18.3 mg EmAH M ; HFALMKARKETIER . X
Z, HA LR R IR BN FEAE RIS IEXT
FERRFA 7 s, SO E AR AR,

£ CEC4 FRHMBIA MRS |, K H
[Rl $ i B2 Bl 2% Aspergillus niger A xyn10A #l
Xyn11B JE[A , B Ak 0 G4 i AR W i B vy AR AR R
cv.164, SZERZER R xynl1lB B R E 8 ik F] TSP
) 6.0%, WCILE T xynl0A ByFRiA& 0.2%, [HY4
AR I T7910 IFHIBBRIG , xyn10A )Rk a B
P&, & TSP 19 3.3%; /X, xynllB & &
[, TSP HH{UH 2.5%, 45H10HH T7910 J¥lTER
IR AL PR s A S ) PR AE

HARARS T EMERBIARRZEANRD
TSGR, N EIRBFIT LS AL B, A
FH =280 R 50 I R4 T 3 X 4G AT DA RS
ik =IO =F ST

42 MWNREEERERF, REREE

AN [ AEL ) o 248 v Pt S R 5K DR 281 ) i A) B R
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factor VIII heavy chain (FVIIIHC) #i Polio viral
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