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Improving the production of plant-based recombinant protein:
a review
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Abstract: Recombinant proteins provide new means for disease treatment, while creating considerable
economic benefits. Using commercial crops (mainly tobacco), cereal crops, legumes, and vegetable
crops to produce recombinant proteins with medicinal value is a hot-spot for research in “molecular
farming”. Although many recombinant proteins have been expressed in plants, only a small number have

been successfully put into use. To overcome the problems that greatly hamper the development of
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recombinant protein production in plants, researchers have improved expression systems to increase the

yield of recombinant proteins. Starting from analyzing the problems of low yield and/or low biological

activity of recombinant proteins produced by plants, the optimization strategies to solve these problems

were reviewed, and future research directions for improving the yield of recombinant proteins produced

by plants were proposed.

Keywords: recombinant proteins; Nicotiana benthamiana; yield; optimization strategy

1986 4, AEFI MY — IR RIK T HA
NAEKBE ., 1989 45, Hiatt Z1E Nature 2=
bR R AR A A A Py b AR T RE R A
PUR B SCE I < F R (molecular
farming) X —HE&1, 1990 4, RHIF A 5 7E HH
1D 8 A DL R BB A R e AR T P
PENIMWE A o 3% ST A % ) b 52 1 X
FUHAEY A HA R AR B AN AR R
HIRFE, FUHEY L EAHE S H AR R R
gt (B RMHA TR . B LBk TR A — L0 3L 5
VAR, LHZPEESRIE (Chinese
hamster ovary, CHO) #ififi &) #H L BAREL
#BoFE DY B, HPERNEY VA
FEAE 55 W ZL 209 20 B 55 % v ok ) B4 D AR ¥
ol i, B atkm iy sl B, 5%
GG RGAHL, YRR REAE
FHEAMREA AP RS B, MYER A
FEAY), Y RGN T BB Ui A0 i 8 SR i
FIAE ) I A, DRI A SR T 5 H AR I R 5
S0, MY EA T BRI S BMEe . i

*1 HATHEFEHEEANEMBERERELER
Table 1

UL A BB I, X W X2 L 3h
W7 B B A e 2 e T

ARSI 2S5 EAR 30 ZAERINS
], AR A 7 A 2 1 RS Bk i 2 BT,
BN ANAE R . RS R . AREARKET
NBEILA T (A RS g bk ™ Oy
BOUY o R WORLU A 5 8y 28 o 2 Y AR
L EmRmEERTY . ik B ORI
ZWEHEAC LT TR I 202
[LIC R

R, HRENFAHLL, HEATSRTT
A B, X R R I AR,
Rl AR 2540k . AR AR SR
BRAPE LR AR LR A T Wen AR e LA
etk i ad REgtg . 1 vo e BR AR A=
GMEBE MR, A5 T8t R0k R G LU
TR 2H 3 P A R AR R R . A SCER IR
1A AR A 2 W AR R TR A
AR, e TREHY A EHEA 5
IS 7 1) o

Comparison of various expression systems used to produce recombinant proteins

Item Production cost Post-translational Function Protein stability Mammalian pathogen
modifications contamination risk

Bacteria Medium No High High No

Mammalian cell High Yes Medium High Yes

Transgenic plants  Low Yes High High No

Plant cell Low Yes High High No
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1 REE B FURL WK

TEAE W) 240 M v AR 77 H 2 2R ™ RO/ E
A YDTE AR, 35 S I) I I 0 A D 4
HEAANERMEBA T8 AL N-BEEAE
i TR FN A K S5 D 1T o X AR B
Fo R IR, A] S A ) 2 0 AR SCRR R Y
Bt AreEik, SRIBCH S0 SR ms ke il e [m]
1.1 FEFamIFT

FE) b AR 1 245 T E 20 2R R IR T A 38/3)
Yy BE A A sk A A/ Jst A, ik 2828 1 5
%) 20 5% 7 40 £l P 1) O 55 N 288/ 80 W A DG I £ %%
5, MAZEYPRES T W TRARE
()8 B IR 2 S 1 I A i 5, JOF H 5 i e Bk
PR n] IR tRNA ZKFARSG . DA SRR X 18 3242
WA I 2 ol PR RS AR A0,
UL AR e AR X SR K o A 0 AR 248
PSR A, BT E i e 41 LA DS BE g 3 Y
T . SRR T LUME B A %R 51 DL A
AFN AR BAEAA AR 2 00 A D& B 5519 s ]
HEEE N PR R, EALE T
W27 9 i B AR S A e F B RS+, 2
2 v B VR AR N R T R AT B
Wang 55 ¥ 25 1% {0 Ak S5 09 51 40 1 20 it B 1
(stem cell factor, SCF) F&[N %% AMHE BY-2 4 fitd
Ja, HEAREINT 25-30 5P, Lo
R, TERAIELLT BT UL A FT Re<s 52 A
BRI A BT A7 1) mRNA S5 %R AE. T
it A ) AN AE 32 AR b ) RS A BT
TR B T LA R AR
1.2 BahFf. £iEFHMEHFXE
(untranslated region, UTR)

FEH SRR IR . ZOE M Z R bR
P8 B e AR 2, O H A SR NS 31
FNLE 11— 1 TR 25 0 T 8 T A 1% 7 BE R 3R
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IREERELE, ZIEFIASERIRH RN
DRGSR mRINA - A AH A% 380 248 e Jo 1) ol 72
AR, 5-UTR Ml 3-UTR 7EJLE mRNA
et MBI B R EEEEERY. B
e LR A5 4 1 B B AR A, AR KRR ok
FE T AL B mRNA 7K B X A8 254 AR
ik, DA BRI Rk B 25 [a] (45 AP 2L A
H) MefEE . BHEr, A 28R s LTE
TP A0 TP A ROREVER, A3E KRR B FIG L
B AR AN S S AR L DA ) B L T A
th oy R . RS B R A E A
SRR = I R N B ([ Ay S o o 2
(cauliflower mosaic virus, CaMV) i 35S RNA
KA AEY 2 E R8T (ubiquitin, Ubi) FI4K
FF 7 45 A 9 10 B B & B (nopaline synthase,
NOS) i3+, A, XEHIFIHEFEE
BT e T TR 2Rk .

AL A B PR AR R B A DU g
m FHAR R s, LIS H bR o
KRR E MRk, RIEAR 2 mAE Y0 A K
KRB o RIFFIE AR 3h+, W
FEAMUMEAEN (GluB-1 #l GluB-4) 5% E 1
FIBREF (Glb-1), X L8 J5 528 # Tk
T IR LA 21 rh 2 1 o 6 5 Y R T A 7 1
3lF. Holaskova SFtF 5 45 K], K& Bl B
Vo B8 1 B R ) R AR e ek e B e AR A
JEHIR AR LL-37 1y i MR ZL A AR 05 T
¥R AT EoKZ R sh PR Aey,

I = Al 52 S o s R Al
(octophobasic synthase, OCS) £ || FJ& ik
KR, R Z 05 Kk BLAE A (R AR 7 TH
NOS 4 1L FHEARMLALT, Filin, Ik
i (heat shock protein, HSP) £ k¥, K&
vspB b+ ME TSNS R (extensin)
Lk (BUYPTRIA AR Lsh 2 3 (NDACT3)
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Lk o b REE W S R A R E
(hydroxyproline-rich glycoprotein, HRGP) %
JORRR DR, AL AT BE Y S B0 o
AUFRERY, SARMEE R A NOS £ 111
LG, ZeBR T RN & F IR R A 2 0k 1
Lx 9 YGHE M (green fluorescent protein, GFP)
FARHIN T 13.5 £5,

A B9 DX et 2 e o R AR A R
PG R . ARSI RL 5'-UTR K/ME 40-80 4
B R Z B84 s AR E AR AUG
IR, I HANIE i R E 1 )2
H o ZGREEHIE 220808 40S AL BT
5-UTR MBSl , X ol B ™ A A F 5%
Wi o A3 BT A A 5'-UTR A2 (30 H 13 5 S 1]
mRNA Fr b5 B o 8 1 % 25 Fh 5'-UTR 1 3'-UTR
(BFEL LT LB, BT J LR sl
Y E AR D AR R AR . B, kA
PR ST MIAS BRI B R R 5"-UTR 53544
AOMNE AL % B (tobacco mosaic virus, TMV)
omega HiFJFHIHLL, JCRG IK HH (Psak)
R AP B A aREE ), 15 NOS
ZALTAHI, EU RYEMA BT 10 f5L
RO gAYk TR A I 3
P RO, B AR L, B
WmT 1 AELL b, N, CaMV3sS & kT 5
NOS 4 1EF454 . EU 5 NbACT3 £ 17454 .
HSP & 1115 0 B0 4 fifn 25 5 fi R 28485712728,

2 BEARAMERNRML

2 B 1 7 A0 R A 7R R I R A
i RN R — SR HHRAHCH
FCBHRRAE 25 B S PR LR e . B
fesf 3358, A, HALE AP R R X
HLIRETE R BT b i RO HELEMB M . 2R 1 BRAE AN )
AN IX = 22 Py a5 A i L, B P se]
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AE 77 L9 7| 30 240 A i) B 28 3R A5 A BE 1E 8 fin
To H—MHREZENHE R EHEHAEARNEF
YRR VAR BE R o 5 e FE 2H 2 11 0 4 AR N E 7
v, FTLAMCEUE R R R, —
MY (MR . U IR R By
TER ] i AMA . B (endoplasmic reticulum,
ER) sS4 sl 3 5 HAT B 17

2.1 FRAIMK
— S, E R R R T, BRI

f7ER mRNA ZKF T, Bl d SRR
HE (NFEAEHEN (total soluble protein,
TSP) i 0.1%). XM EAEREAE AN N il
FES KRG RE B A N (endoplasmic
reticulum, ER) &, A S0 522 5
IRFEMR . HoAh AN f a8 LAEA T — 25080 (i an
N-WEFEAL) Flm 2% 8 A BB R BT AMAC ., i
BMA IR T 0 20 TR s A T AR TR, A R RE
i T) B R A L A R G FE AR BY-2 4t ks
I . BAR KGR KRS 240 6 15 % S5 0 0 40 it s
V-5 401 T AL B 8 ) T AMAS, R L A
WA B 05 77 3 op IR ARAG AR S e, W HAE TR
Wraifbid . PAEC A PR ZFSIfE S RE, B
n, S EA BRSSP Al NbSSH | 3 58 %L
Y NtSS™' | JK 9 Ramy3sp Fll 33KDsp. K
iy SSVEPA | E KA ZmCKX 1sp . 5 LeBdsp .
LA E 15 /0 PDIsp 55 . Jiang 538 o Fb s JLAP &
ULHAE 5 IR B A T4 % ¢y (mIFNy)
7 A A B RS, A R B 4y
WMES NbSS™ FEAR FC U HE o 8 7= 1 Al 433
TS AT R —Fh, 5KAE Ramy 155 KA e
Hp=marik 28 i 5>,
22 HERM

PR T O 2 40 B A B 1 LR = e 2 — 1Y
B, R iR W E A e T2
—o WM E & F B IR E TS WK
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4 S8R JEUR B AT ) T i s T 1 7E N
Wb, HE RS PEARXT AR, IF HAEAR BT IR
SPRIRERALR 2, X — e E R (A
seREPUIAR . Uik R B, BEEEM) BATIMEEL

NS FVRE Wy A 2 1 S5 b SO A 2 1 o
U )i I 1 0 B A R e = DG N =1 8 S N
— M Sy N S IR P 0 2 A A PN o ) A
[vi) By v H R B AR N-SRM (BT v R AR A 1 A
WIASTR] . AP0 2R B S N A AE Y
B-1,2-ARBEFZ L 0-1,3-74 BB ok LA, 1 e
FLa Y B Y P A EAE D) B-1,4-F 3B
e Y R e A A Y i 2 A VA I e g
SRR, AR E AT T T 2 M IE TAE
SV A S A S AR AL ) DA A S A R
fbo X 4 P ARETE ER HIREA EHE AL
P B T B R . R R A R e b
BRILWINE . F 2 50 AR B mE R R ()
N kifunesine) BLFEEN N E 15 57 56 o 58 5 K gt
B-1,4-2 FUME FE5E B it ol 3 v YRR A5 T 1y 411
TRFE DR B | AR FE 2 LA = A SR SR

R LR PR o S — i R T
N s IfE S M C a3 ER 8155
HDEL/(SE)KDEL > #8 [] & B4 7£ ER i S 41 &
1, DT e R IR R 9 2 ) e S 1k SR
2016 AAG SCHRHRIE 1 FHE sl A 2800 B -+
KZBRI (transcription activator-like effector nuclease,
TALEN) FARFFRAS MR 8 2 A4S XpIT 12 4~
FucT £, XM T XyIT e, (HEA MK
FucT 3 1EPY, JE4F, Jansing 2507 AR FQAH &
Hffi il CRISPR/Cas9 [RIR Rl 2 A4~ XpIT 1 4 4~
FucT 3N NHE BRI = XyIT 1 FucT 1§
PE, JF A T EHA R REDUA 2G12, 45 REY]
FH i FX-KO Z A CHO 4l fifd o 7= A5 i 5o
FEPLIA 2G1 5 CD64 Z5G MY . fiil,
A SCHRH S T KA R ] CRISPR/Cas9 [R] i
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BT OsXyIT Al OsFucT $:HP7 BARTEZ S &
ORI E] o-1,3- 74 SRR B-1,2- AR5k 2, {H
K2 T a-1,4-7 BN B-1,3-2F LB ) 5+
PEFRIL . OsXpIT 1 OsFucT W RUE B AT fEA
A DMK FE T i N-SR WSS N AL . X RS
55 %% N-SRWEA Y6 it 2 00 B A i v] BE 7 /K
Fegrh o S R AR

b AR SR SE TR AT AR B 1 N-BE
AL E S SR, BRI SEREYUIASL, TEEA
B AR XE S ARG B-1,4- 2L 34k R
BRI B-1A- PR B Rk i AT T
RZA5E, (A 2RI B B R R B
ASERIN TR EA 5 A v FUBE R N-3R
Bi. ok ABEEK MBS GH3S 1Y B-F 20
fiff (B-galactosidase, BGAL) 1R A nl fE = 51481
AR FUBHR A . TSR] NbBGALL #]
PAZLBR N-F1 O 1 B-1,4-F1 B-1,3-2F-FLHHEEIL-5
B I RNA T30 (RNAD) FI3E DK 41 20 45 Rt 55
BGALI % 2 B T A IR AR B v ) - LW il
T, JER I TR AR BB B SE R
WAL E & N-BpER == b,

TER RAEY IRZLA L TP A A 2 40
MR EAEMEF: (1) ER AT mME A Rk
(protein body, PB), FE M THEEAEHMHE;
(2) &A 5 R AR A B A W (protein
storage vacuoles, PSV), FHHTERE NS E
R B . B IRFL AL 2 b i S e 1 & 11 o
fitt A7 4 A 2 o 25 20 2 1 R AR B R it A
At T MBOREE . 25 M1k, CafERE
M5 LAY (FEI2KRT . REMEK)
YRR rh s A T R AR S PR R 25 T R
J57 . Holaskova S5 76 K A2 IR FL ™ A= N IR$T Ak
LL-37 A7~ il ik 550 png/kg™,

2.3 %A
2012 4, Protalix Biotherapeutics 23 ] 4fifk,
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HIEEZH N B-HI MK T IS B (R ih 4%« Elelyso)
R E B s A2 i 4 B )R (Food and Drug
Administration, FDA) L) 26 — 4 H T R
W B ARYT AEY 258 o X R R 41 E 2
FIHMHE LT BTl A M8 A WO 5 5
DLLVDTM fESA % b4 gerh = A2 0. B-#
25 W J Y i Vil 5 S e S S5 B LA ™ A K i
T EE AR, A A 2 17X — %K,
Ho A il B i L 20 W A0 R b AR Y T
SER. — N ORI AL 1] ¢ 51 6-SFT
(REwl . SRIEME 6-RWHILERElE) T 3 FhiE
FIT (GFP. GUS FIP KT ) A ) ik 25 i RE
AW, DT DN H R T rh AR A 7 R i
HEAD,

2.4 MERIK

HH L S R PR T — PP AU e Ak AR
KIERG, ZRGCHIEN AT IR E R ErE
HEM, XEH-MEE B oML H R
PR il . FEAEYI, S AR I SR A Lok A S5
YR AR OGRIR TR, BIRR AL . Wik, 78
I o 1A DA R H At B 445 v 32 35 1) i PR AS BBl 5 A
Rk 55—, ML BE R % BT
BN, AAETEE LN UTBR BN 3Rk 5510,
0 A 22 Sz 1 s B AR AL R i 2
FE R AE BRI TR ek,

Az, FEMaRAhRIREAE I L
AR A BAMEYIT RIS A 40-100 24
M2 A4, AR S A 2 15 SR ARSI
o B, BRI AH AR A S A D ZH 5 DL
B BT BIBOT RERS ) sk ik 1k
S 58 (A% e A AR L B AR R L3 —— %%
A0 i v DR e 4 DL R 25 g | S E A 38 1 1Y)
[EE-S7.

L SRR S K N Smmh G, EAEN
TR ) SRR A TR R o KR R 3 X R
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FRF R A B & B s, Rt e gk 2
i, S T A AN Sl i A 1 Y
k. NFLKJEHTE (human papilloma virus,
HPV) S350 7t 99%0 e Sk, X &
B BRRE 22—, W K b U 4 T AR e M
fadFf . Zahin ZE1# ] MagnICON 35 R4
HH AR Y R s A4tk HPV16 L1 fiHEEkE
Wiki (virus-like particles, VLP), L1 5 F #f %1
RFERF SRR LR, X T FE R 35-55 nm
VLP (235, B Hare A R E A R R
IKF (>2.5%F¢) TSP), HPV E7 & [ 42 4 g
KAEMABFRFM VTR EEAZ —, HiEHER
HITPEE RS . F4 HPV-16 E7 JE 53
MESUE Z W 7 B (LALF 32-51) fEB#ET
FIR A AR b=k S A PR G
IR B e Y . LALF 32-51-E7 7EAR KA
BRI s, SEMEAMBER AL, e
P ) I S AR B R A R o A 1) 40 = Y
EFRA L, 248 SRR, LALF 32-51-E7
AR SR T 27 £,

ISR R A 7 A T 21 4R P R e e A
WEIN, (HHEAFTER S RS T2 N B
J6, SRR AL S R R A2 TR L AL R T
I S AR A 300 5 308 ) 47 4 S ) U R A 4
I 2 A 5K DR A ()RS ff 6 DT B X388 (FE rbeL N
aceD FER 2[B! 0l Bk 75 AR R
Py o 2 ] I A S DAL (i) AR ) 428 1 1) 1 5 B 22
S, WAAEL SRR Y Rl A 1T AR g I S A A
A, HA AR 75 43 3 A1 1 I S A S DR 241 () A 4
PIRIA AT SO FE AR S o ok, SR A B A0 R
FEBIPEALIIR A T — 45/ MY (RNA, X 7] BEXT
— SO AR B S R i BRI R T . e, PR
RIRME AR MR, Tk 5-ee
HAE AR, X R e EPUARTE N
(RITF 22 205 W) H 26 1A T b 7 BB I o S AT 2
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WAL E AT, MaiARIE RG SR RIbE
PR, A Mk AR R A FAR e R

AN TR A48 A7 B ) SO B A AT B A TR Y
Sk JE e . pH AR KRG PE, X AT REXS H
21 A AR MR A i M AR A R BN A Y
s, HERSUER 20 Xt AR RIS
AT (BRBEE . HRonEhuR LA %y
PE, AITEZAOIE (M. kiR ER. W
WA AMASE) T2l S REHAE AR
FE FIE RO R Fe A7 5, . Margolin 55 5L 45
— RHVBERG (AR . SC B IR TR
BEAF) 1Y BE R AR R R VAR AR ) v R R Y
1B,

3 EHRMHE/EKRGEN RS

T2 2R 7R 0 40 L P o A A R B
e aFETEEEn /LR RA . Hir
AHCTE 2 A5 o KPR 25 T 11 B AR i P14 S5 4
EAMA USRS EINRIMERE, AT
TR A BR-S-FE B8 (glutathione-
S-transferase, GST). & 2FBiZ5G 8 (maltose
binding protein, MBP) , i A& 1 (thioredoxins,
TRX) FI/NZ ZAHAEM 7] (small ubiquitin-

x2 ARITMBMNEFEEAEANFR

related modifier, SUMO) &) ¥ TiEEEH
MR R A REERZ . AL, GST M
MBP & A A Ay 4l fb bR 2 B ff FH B35 HoAth 2%
bR H A H, #i c-myc. Flag. 6xHis.
HA HI Strepll. IT4e4F% B 1 H 2 008 H Bk
o Zera® 2K F F K y- KB 1119 N A i
AR X, T 24 PPPVHL A AKHLIC
1) 8 NELIFH], CHUEN A SRR 2Ry
Wi, PlnpES R . REAERKE . AK4E
KMEM HPV E7 %, MEEANEZK
(elastin-like polypeptide, ELP) J& . ik ¥ 51
VPGXG WEE P, Hrh X AR L
SMAT AR, HEWEGER N 5 & 160,
CLUER] ELP fli-& nl i 25 189 9 ik i ARG E F2 AL iF
ZRBEHERAEANMHE, AUREY, Jiwik
(antimicrobial peptides, AMP)/ELP ffi& ik B
PURTETE, XK RS hRiAT 2
AMP K— P Eia 2™, /K& [ (hydrophobin
I, HFBI) J&—Fk A 2R B3 B R Y5
IKEE, TEBERFRIK A T o e B i
FHASR SR A& 1) ER BUR . HFBI MM
FEVE A AT DL 2o 5 3% T T 1 50 A AP T A 2R
GEREATA B I B 2lifk o 3X 3 FhER SRSk

Table 2 Characteristics of recombinant proteins produced at different subcellular locations

Subcellular location Protease activity

Glycosylation

Signal peptide

pathway-dependent

Apoplast Very low Secretory
Endoplasmic reticulum Low Yes
Vacuole High Yes
Chloroplast Low No

Nicotiana benthamiana SS™™', NbSSE*!
Common tobacco NtSS™!

Rice Ramy3sp, 33KDsp

Soy bean SSVP4

Maize ZmCKX1sp

Broad Bean LeB4sp

Medicago sativa PDIsp
HDEL/(SE)KDEL

Tobacco Dllvdtm

Wheat 6-Sft

Chloroplast transit peptide (CTP)

http://journals.im.ac.cn/cjben
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£ (BN Zera®  ELP #1 HFBI) £ ¥ T ER i) &
HEAMRKRREIFIES ER iENEAKD
T, DA B 2H 2 Rl RR o B s ORI
&b, ELP Fl HFBI HUA¢ 0 4 B AL 22 R P 0 22 ok
FPE R B RS PRAS, AT DLRG 55 2 2 Y
Rik, AT AT T WAl W
UL il 0 ST FOAR 25 B AR ke A L 3

R3 BRMESFEMIRZMRL LK

B ER-O-FEFAL AR (HypGP) #7545 i fil
A EBLIERA AT 2 R AR e R P
A A Y AR M b 3R E S ST
HypGP &5l , o8 HypGP TR AR, %4
AREFEHSWEATRREHM., XEHT
HypGP bR 1E R 43 T BRI 25 A B A 5L
12 i 3 55 57 v IR R AP B 5 S 32 B K R

Table 3 Comparison of advantages and disadvantages of common fusion and affinity tags

Tags name Advantage

Tag type

Disadvantage

Fusion GST Reduce protein degradation;

tags Improve the stability of recombinant protein;

Reduce protein degradation;
Is also affinity tag
MBP High solubilization efficiency;

Weak ability to promote
solubility;

Form dimers

Poor protein purification

Increase protein expression and folding;

Is also affinity tag

TRX High solubility-promoting ability;

Good thermal stability

Affinity tag is required

SUMO High solubility-promoting ability; Affinity tag is required
Increase protein expression;
Easy tag removal

Zera® Improve the stability of recombinant protein; Affinity tag is required

reduce protein degradation
Elastin-like

Significantly enhance the expression and stability of recombinant

Intein cleavage efficiency
decreases as protein
molecular weight decreases

Weak solubilizing ability

High cost of purification

High cost of affinity fillers

High cost of purification

Low specificity;
Poor protein purification

polypeptide proteins;
(ELP) Reduce protein degradation;
Is also affinity tag
HFBI Enhance protein accumulation;
Reduce protein degradation;
Is also affinity tag
Affinity  c-myc Easy to detect
tags FLAG Easy to remove;
There are corresponding commercial antibodies
HA Easy to detect
His-tag Low cost of filler;
Widely used;
There are corresponding commercial antibodies;
Small label size
Strepll High specificity

The purification cost is
slightly higher

: 010-64807509
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I IhEE . HypGP | 20 1~ # B E & A9“Ser-Pro”
P (SP)yo ALY, 7EMH & BY-2 41l HH (1) SCF
B N ¥ial C b fT 7 TREMGE o (SP) i
SCF 4> b7 it i 5 /M & 2.5 pg/mLPY,

n] 4t i B BX (crystallizable fragment, Fc)
S5 R RS T AR AR ) Rk R G 5 3
M, JFBAR TA SR, eewiTE "2
PR TG PR, AR A SR HWEE T E 1Y
FEA BT 8 A A e e 2 B P2V AT R R
(L UPN AR 0% e SN = 3 A S S LD =
K KA 2 (angiotensin converting enzyme 2,
ACE2)P* ) 5 fF 58 FE AR B 55 rp kit 7= A T
5N IgG1 1) Fe XAG I ACE2 A, 78
TRIMFEAS TRk, FEIRIEIGSE 6 K, B4l
ACE2-Fe il &3 8 FIFEA FRAFHLH L 100 pg/g M- if
HwRIE, BAMAGEN SR 5™ E TR
ZREMETEARINTE 2 (SARS-CoV-2) HYAZIREE 5K
ARG G EERE, MY ARG & ATE
PRI A B IHT SARS-CoV-2 15 1P

4 RERDIWREHEDBR

SR8 P A 0 i A L T S AR
RS FIT- 5, A REAIA R R BUL™ 0
— KRR, B R MR R B R (1) M
L A R A P TR B S, TR T
B EAMINS S TEAKKME. &EAMAT
TET AP RN AS , Xk i T AR 4 AR
235 I B BREE 5 (2) = B E 1 RARAOTE
1R EE AT S

LI 2 P TS R R R A
R4 B SR o B — R LA ko

(1) & F W R 0y A B n SICY S8 .
NbPotl ., NbPR4 Fll HsTIMP, % i¥ Mead iR %
FIRENEI 7] SICYSS R4 & 2 A FC AR 5 Bk
IF 3 T8 Y 58 4 2 26 H A AEWE PR 1gG ik
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F B e O BT R A B s o A R
SICYS8 &3k ¥ 5 M i A FR A N2 1 it~
o 2 R A I B IS o ok A AR [RAH 1Y) NbPR4
NbPotl I A2 HsTIMP . & 111 1 A FCAR 52
o2 FUBEFE 0 21 40 M AR B R ATz R OoRn
HIV $itf&k VRCO1 AL R . AR, R E T
AN E B, A 3 R PRI
FIFLFRES, B W B YRR . DFoR 4
FAFENR S5 T 8 A s = 4 & 1 27 £51°%
(2) AT MERAEHY pH (., WS E
PR A6 PR T pH (B, 3840 Matrix-2 5138
TEEE R ZIR TR pH Al s8R K R o Al
P B s M2 T 2 SRS R
FARM R pH AT, i IE X W] ASCGE IR A
FOEEAMBUR, FE R 8 B 1M gE
(3) {#fifl RNAi. TALEN & CRISPR/Cas9
FHAR MR E AL, AR BB
K RNAL 7R T A O BY-2 2 P 41 i
Hie B R E R L P e R 4R B
DLARAR " A S AR BLR 2F5, RS R LA
BB AN T EOMERE, HE 2 RN
Y LB R 1) e JR 10203 |l I R AR N F R
T B B SE DR A, B2 o () AR 8 ] A
A5 ZHE B PR AR A0 R R IE
Hi AT B DT B A 5 | 7 T PRI . Bk 2
(A SCHERUE B T 55 S5 A 1 R AR (] f) G B AR
LA A s AT B IR N R . AEBRRT %
b ) AR QAR R AR I e S R R A b, ok
H AR W R G CesT fRBILRIEE
SR T P R IAAT I 3 B3 R SR RN B
[ Tir AYRLROT S AR EESE R AR 45 N 25
(calreticulin, CRT) W31k B 2548 & 1 Al i1
HIV-1 gp140 HLJs i 28 1 5™ i, [ i sfe 1 A4
FCUH (Y ER B3, CNX, CRT. BIP,
PDI fll ERp57 & JLFh R EAE YR & A Fdr &
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il ) 2 1 531 81 -5 N 6 TR T A ) A A
ik, RWIRTREAFAE SRR R A N DRI &
PLHIAFR A B R o A B A, S g
AR F K A [ — )RR IR AR E KRR
P13 8 il 1) 25 5 AR K AT RE 2o Xt L T
(18 Oy i 24 A 7 7 R R R

5 WHEFEELE (TGS) fugtxk
JEEHEILH (PTGS)

HAAE ATE YR NS FRIE 1 5 — 0]
A It AL S U DR (R 5 S LR TAR (transcriptional
gene silencing, TGS) ¥4 5% 5 3L HUTER (post-
transcriptional gene silencing, PTGS)!®*, X i
Y EAA K500 B SR BAE 2R 58 % b7 105 I AR A=
MERRINE ORI BAEYIBRHE . TGS
Al RS N Oy S YRR IR A 3 3l F Ak i
1M PTGS 8 RNA st Wp ki, AR K
Mg EAE M. BT, ©ASFEY
R E 70 ZRMUTERINGI A, Hdok
BomE it 5 siRNA | dsRNA 40 TAE IS RNA
BEFHTRRE B YIIE . ) 2 8 i
UERAM I N 7 2 — "l e 2/ AN E 5 P19 2R
Mo 38t P19 AT A6 5 20K | 118 3l
g, ERBVEMEIEARBATIHRR v
ZHAn 40%°7,

Ty — P E AL A R KO R RO
SRR 58 B A e F A A RNAL iR
o HIE 2004 AETRIRIE T E A A
PTGS HIHIRIST RDR6 (sgs2 Fl sgs3) FEARIAME
Ry SR B i KRG . i SR AR S AR SR 1Y
RNAiIFl CRISPR/Cas9 i [ 4t %8 5z 91 1
DCL2 Tl DCL4 3 [F [7] isf F A o 7 sf 32 PR 2k )
ERY, 5 AD2. AD4 FIEFA:FURE YA,
AD2AD4 FEPIR 2 T B K5 1Y GFP FARRYE AL
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YA KT 76 5 d A BRZ 5, AD2 . AD4
FIEF AR RUAE ) & A LT 45 55 GFP mRNA 1
F, 1l AD2AD4 AHY) & A JLF- 2 35 A AR Y
2 %8 i il CRISPR/Cas9 771 58 4 Rl A [C
JHE ) RDR6 SN e (ARDR6), ARDRG 1
Yyef i) GFP ik F WT M s 2.5 451700,

IEAh, N CRISPR/Cas9 7 AR &R T A% [ 4R &
AGO2 HN FEUN BT A M HE 4 GFP 1YL R
Ut i AR % BRI (zine-finger nuclease,
ZFN). TALEN # CRISPR/Cas9 % A i3 H i
b T KRS Dicer-like3 (Gmdcll). Gmdcl4 .

GmDrb2 HI %5 22 H 15
MtHenl), iX S8 58 AR (KR 0 20 2 1 AR 7 B AR

71 £

6 RE5Fk%

2012 4£ 5 J1, FDA #it# T ELELYSO® (¥4
FAT R o) N T 2 A 4 0 G T B I, 32—
i Protalix BioTherapeutics M H A VEIK 145 H
ISRl FESE D TR S D A b A e R R YT
[ BN (Gaucher disease) AU, 2019 4
— R T AR AL B R e T 3 W
PRI I B R AR T e 28 e bR 8 K
TATHAND, AEA) oAl AT SR H AT R
FEEFRPUR (NIRRT . DU ARy
FEEFAMNTY, 2021 4 3 A4FxTaBkEE R
SARS-Cov-2 [EFIFEPRE TG (CoVLP) 1 3 1]
I RIS (NCT04636697) T I a8 3t
2018 AEERIGITEE AT MEL 931.4 {¢.36
JG, Wil 2022 ARG K E 1 728.7 {2500, F
WKEN 16.7%., &5 M1k, EF 130 ZFhE
2593k FDA #tEF Il R , Jorh 200 Z 878
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—ePEE . H T Y AR IR R G L AL Y
PR — W ETE 0.01-10.00 mg/L Z 6, K T1%
SFERT R, AR, SRl R — 4060
T R K 1473 %

A 7 R 257 F AR R TR RS
WNEZ—. BERAHENELAEA " RT5IE
IR 3 AN, B, REFABEAHLEIE
R R 5 Ty B A, T 2 0 2
JELPS PN 5 I A 2k 3 i 5 5 AN T B2 UL 240 Jif P 2=
K 7 P S R 1T B B — 26, AT AE 2N AR N
(BEAMA . WA aRK) Fikszil; Hik, %
SRR R RS o BRI A B A i s TR s 2
L, Eln, Jash . KakF . JERIEX L.
LT BRAM 7 . Rl /55 FbR 25 F E 41 2 2 0
T4, XEEERT LML ; e, IREAR
138 AR XS B2 o TEUN b SCHE B —BekR ik (A
YIRA R BIANGRR T B-1,2- AR 0-1,3-71
Wi, & . DCL2 Fl DCL4 (M kR & &
FI= P R 5 . R B 2 (A B K A
&R TGS #1 PTGS %57 1 #E47 JEREAF 5T .
ALY D0 S Al B 5 1 58 AR A ) Hb B R AR
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