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Abstract: Plant-derived vaccines represent an innovative vaccine production technology that employs plants as
bioreactors to express specific antigenic proteins within the plant system. This technology has demonstrated
tremendous potential and application prospects in the field of vaccines in recent years. Compared to traditional vaccine
production methods, plant-derived vaccines offer distinct advantages in cost control, scalability, and safety. Firstly, the
production cost of plant-derived vaccines is relatively low. This is due to the short growth cycle of plants, their strong
reproductive capacity, and the lack of need for complex bioreactors or expensive culture media. This makes the large-
scale production of vaccines more economical and efficient. Secondly, plant-derived vaccines are easy to scale up. Due

to the renewable nature and rapid growth characteristics of plants, they can quickly respond to large-scale vaccine
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demands, which is particularly important in dealing with public health emergencies. In addition, there is no risk of
contamination in the production process of plant-derived vaccines that is typically associated with traditional vaccine
production. Plant cells possess inherent biosafety, which can effectively avoid contamination from animal-derived
pathogens and endotoxins, thus ensuring the safety of the vaccine. Plants can perform post-translational modifications
on foreign proteins, a characteristic that is conducive to the formation of virus-like particles (VLPs). VLPs are non-
infectious particles that structurally resemble viruses; they can mimic the immunogenicity of viruses, stimulating the
body to produce an immune response. However, they lack the ability to replicate, which makes them safer . This article
first introduces the basic concept of plant-derived vaccines by using plants as vectors to express antigenic proteins.
Then, the article emphasizes the important role of plant-derived vaccines in the field of global public health and
epidemic prevention, especially in providing rapid, economical, and safe vaccines. The article then details the
development history of plant-derived vaccines, from early exploration to modern commercial applications. At the same
time, the article provides a comprehensive description of the different classifications, expression platforms, and
expression systems of plant-derived vaccines, covering various technological pathways from genetically engineered
plants to plant viral expression vectors. The analysis focused on how vaccine optimization and application enhance the
expression and immunogenicity of antigenic proteins through gene editing and protein engineering, as well as how to
improve the efficacy and stability of vaccines by optimizing their formulation and adjuvants. Furthermore, current
cases of developed plant-derived vaccines were analyzed, especially their application advantages in addressing human
and animal diseases. These cases demonstrate the potential of plant-derived vaccines in rapidly responding to
epidemics, reducing costs, and improving accessibility. Finally, the article discusses and summarizes the development
progress of plant-derived vaccines domestically and internationally, providing references and insights for the research
and application of plant-derived vaccines in our country. Through these analyses, the article aims to promote the

development of plant-derived vaccine technology and contribute to global public health security.
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Table 1 Plant-derived foreign substances that have been put into clinical or animal experiments and their expression methods
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Table 3 Examples of some plant-derived enveloped VLPs
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71, FERREA =S M ANRE T EE A
J5THi .
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Fig. 1 The production process of plant-derived vaccines"

(Design and construct the plasmid vector for the gene. Introduce the vector into the host plant using appropriate methods. Allow the target gene to be

expressed within the host plant. Collect the plant tissues that express the target protein. Grind the tissues to extract the protein. Purify the protein to

obtain the final product.)
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ER R Y SRR R IR RGO O
SRR DR R AP B A Sk Y ArERAE B R AR AT
W BIE T, ERUE SR 2 WIE] T A AL
(Il Rk o BRIEFSSE Y R ARAF BN FESHE
AL T M TR RIE RS IR A D%
Y RENFHHEDBEN RIERGERINERIE T AR
MR P30 HAH B (% g e AR B H A
SE Y BRI 08 N B )2 B RE, B AR PR
R R 25 1 N T IR RIS ™,

FoE RIE RGN B AR PR R e th &
NEYHEE A, (RN REERE ™, H
I FH S5 )32 0 2 R % R A AR E M SRR SRk
M Ae e A% Rk FER R E A FRAE, et
2 RN v - [ ) [ PRI (A T R 2 IR
Daniell 55 " -F 2007 452 it 7 0 7L 2 2% B e P 0
JE AR G e Sy W 7 R, SR BT G AAX B
P Al DAL= AR AR P PR 3, TR IR 2
WEA. WEERRERFES W REZRIERR
SRRV IR B T AL, b A . 2 R
AR LSS, XL v Res IR B L DR . 8
By R v &5 Hofh sy A BAERT, RISk
RiEFGWM AR A S HEMRE Sy, W7 — 5
AEIBIBE R R, 0 SRR A R AR B
FRALSE,  REM% T A2 3 2 B A 10 IR A 37 S R0 T e e
SR, SRR IR IA R GUIE A A A R B
X AT B A 9% 0 B ) 0 5 2 % 1 CTB-VPL, VP1
BT R AR, HAE R Mgk RIS A
BRBEBRI . A RAKERS . EFEALE
FBWE., NEGREMMEEDYS, HRERE
s FLIE R VR G 68 R B A R R T R e
BEFERUREL (14 25 25 AN iR B A B 1, Rk mT DA
W SRR Rk RGEATHE AR, W0 7E B Bt S Ak
HH R Ty 2k 1) 11 B 0 B R PR VPR R
I B U B2 BRI T 30 e ik )
PR P T T — L B A B 1 e
HA EfU R % R R bR, gk ik
RIERG LW R BT R, FERENPUR
TEPEAR B TC TG T, G e R B B T PR
MRIERAEIE A R AR, wah, ot
ZRAR R EE AT R I I AS (R E B AR AR, T —
S S Ao e PR R A R 7R SRR R )l B A 1 9%

WA, ZRIERGnE 5 S 28 o
PO AR T BRI IAEE, A E AR, B
B AR ™, 5 IR B A A Gateway. pl1303.
P33cymll. pBI 121. pBI 221 % “Y, & F K44
16 RIS E —BONEYFI IR, W Matsumoto
S W BOKRE R AU S R I PUAS B Ascaris suum 1]
TR PEPLE Asl6. ZPLEIEN S ERLF R B H
A (CTB) &G EE, HAERILFMRIEK
FIE R T 50 pg/g M T HEEE (Tg) KFEM T
HEEMER (CD FE RIS /NS B
iES T H S YE PR As16 (ML ik N . 1X 3%
B, KR A e T8 A % 338 38 1 Bt IR A Sl — b T
PEWT B R, mT DLEE I B W EF AR R e .
Yoshida 55 £ X BT R RGBT (AD) (17 AB 42
BN G R alE AREEAS S, K AR AT R
KRG . e 5 R B KRG R4 /N BRORT
Mg 5T ABPUAT B E EFb. /R R
B R IERIK ARG, SR TAFE M SR X
seZE LR BR, Al K R AR e 2R IA I R £ FH % T X
6T BT R g BT & AT AT 9 . Nochi 55 M R R T
— M T OKFE R RAA I OO, A RIA
EFHEEBILHAL (CTB), HEAZHETHA
221K 5 31 2.3 kb 4 8 H GluB-1 #24], JF&id
YT UEAE RO P Rk, HA&aRM -+
(IR FL A~ 2947 4% 1 30 pg I CTB, 4 LLE AR J7 20
MR, ik CTB BT M 4B e, e D)5
S B RE M 1) CTB 5 4 1M 3 1gG A1 3
JEE TgA Pifhk . X LR ToKFEAe E AL AL M N
RIS R Fh NBEER AL T — M EESE A A
FRAS 2350 2 1 SR DAL} 86 4 . Suzuki & P A
T R B Y B R S W e AT IR
REVRIT PRI AT PR, B R R T i U R
(Derp 1D BI— N B (p45-145), XA B &
BRI (Tg) KFEF T 19 A 5T W 5 2 A AR
o, B G BR BEAR T O SR R 1 1gE F 1gG
() L7 7K 3P AT IR T 2 i A 2 5] AR e
fil, XEVZ DRI ZJ7 S F 2 — DR . 25R
R, BT KRR AR E R IA IR T SR N A 0 A
58 SR B i E A PR e B e 1 3o R S
MR G BB IT 1 — AN H RT& I 7% . T Yang 55 7 %
IE—Ff P AW (HDMD 1 8 Der p 1, C i 7
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KDEL #7%% () Der p 1 i3 805 78 1R FL5F 57 74 1) GluB1
FE TSR, FEE R BRI FLA LA A,
Der p | B KIKEEIE B T 58 pg/bifh 1, fEET M
ik (ER) KRIEMEEMAE T (PB-1) . 4%
W, AsE 3N Der p 1 KRG PP T /2 1697 HDM L
()22 AV AE VR T 8 DRI MG 8 A v S b 7 2%
o1k, K DNA WK 7E B A2 T LROK I 608 308 45 80
by SRR ORL AT N AME A, R AT B
T R 20 R A R BE , TORIEE N LSS, IR
(1) DNA 3 A\ FRORE Hh fife 55 L R JF: 76 18 4 48 i v 3%
&, R AR Y e R AR R R A A
PBRNSANFO L EGAL, KB O RN
ML T E R . BT R IER AR
oo o BB RE R, B DULE R R 9% I R AR R I
AR, BRI AR FHRESR I A E

3.2 1EMIES

TR LA R A s R R v, 75 X 0
DR TR 2 N ) e A ik DR FH A ) 0 A 3% AT 0T i
B L R o e 55 3%, S A B D (R R P T DAAE IR
ARG, &R A R Y LA\ AE K
oL as TR BUIL R DU s FLAE K, AT 3G 0 A=
K Bfia Eam e, £ KR &4
LT A AT, LR IR I 2B R AT TR A KA
O PR R E I, DR R A 25 CCIEFE RS 9 2~3 d,
T 97 36 B B ) 75 0% Ut 2 42 1 7E 28~32 °C, AN
18 7 0 R 23 A4 2% AR U S T S 2016 A 3 ) it 25 I
) P R ) gt . ZEBCRI A A R I 2R B
TR 8 B A ) B W R I AMAELAR, 7E MS+0.1 mg/L
6-BA+0.5 mg/L NAA {155 72 5 g 15 5 A &
ZERHR, 7F£ MS+0.5 mg/L 6-BA+0.1 mg/L NAA [f]
B 77 2 A MS+0.5 mg/L 6-BA+0.5 mg/L NAA 1] 5
FrHE PR AT B L . BRI Rk RS
X T 5 IR SR A I EOR B, AR EAE R,
B R 50 i HE 5 B2 1 75 SRAN 7R 2 R A AN R 1 A
KW B, B EA M e B AR 1 T ~2 T Ix
[178.6~357.1 umol/(m™>s) ], KHIIATLE 3 /1 ~5 /5 Ix
[535.7~892.9 umol/(m*s) ], Y& & M 16 h/d, L
T H U B 43 I AE 28/21 °CH e A5 1) - M8 R Ak 11
A DL R R IA P

3.3 ERRRS#AW

BREAKE W B R B A L e gk, IR
WA, P EEAR. O RE—RIEY
TR R AR B . 4ifl )5 EE R
SR RSN (VLP) 5i& MMEANRA, FRE
IR, R RN, AR EAEAREAS
IF) F 4 HORA 44k 122, 8 A 0 1 B1 WACRA 44k T Tl
W EZ BT 7. FEAE Y A P A 3% 9 T
NI TR, S DA T 2 AR EU
AifREE, ARG, RERE S FERA L B0 AN SR A
ik, Yang %5 U R R T 3T ZIKV A (BE) &
R B A B T, AL T AR N R R
P JE %, PzE AT LU It — 20 Niv o fl i il FE i ik
B 1E>90%. Pyrski 2 U0 fd B S5 RR T B
O HBeAg FiJR 4140 2 43% HARR T HyrEdt,
ik ELISA MR H Ay ER VA AR 2 RS, A
FEE LT W N OREE T CLP 454 . £E /R
W, LIRS 2x10 pg I HBcAg 51 & 1 B #E I x
B, MW EEERMEEHNRED
(HCP), #4375 /K 7T LA 2 B 2 80% ¥ HCP, M Tfii
it — DAt b, HX AAEHREAR
A HFaE vt A4 feS2Pl, Menzel & " PR T —Fh
J K PR E RS A T, DA e I
Hh B I 3R IA TR FA AR E MRS 0 W IE P FQS.
Joi 7K L FE M 80 °C P AR 21 70 °C I LAVK B Bk 45 & »
[ BT R T e K8 4r HCP, W\ RE 2 i T 25 (I 0
WIS, K INH] T FQS LEAE ) H L) 1 B4
T I B B e B A 2 IR B T 24 72% (1) 48 FE R 60% (1)
B, aifh )5 15 20007 %8 9 mg/kg, X
i 7K 7 SO 4 BRI TR T &

EBA A T, 2 a4k 2k W sk Al 4k
RORAR TS, v Z AL s &
KA T, X5 i F 8 BT f2 o 2
ANITRES RNABUE A R4 A, SRt 2RI
AT DLE 3 7 B B b v I NG Ji 7 B A 2
BE. TERPHERE (DTT) BEREEER, LUK AT %
HFIUE ZIFME el (PVP) AR 206 JEmEng ot
fiil (PVPP) KM, XLy )i o] LA S My 2R &9
ghA TR 1L H Ak . BhAh, HEYA LR 2 b
Al RE 2 5 RNA B 0 45 & DUTE TE BOHE I 19 IR
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Y, swnaifg, fE AR CREUTE 20, BUE
FH I P 0 U 22 BV T DA 4 22 B s o O, i
% DNA V5 %%, 0] LLfs H DNA Bt 47 A Ab 3
SR S T FF R R R B A 4t A

Y eREZRZUNZRAEED, MZHEN
R bRICAE 2R R E K, S EREA
1) 0 41 a5 7 DA K B B s ELAE, PRtz Ak H AR
HAMSEESA ARG — 2P, Lee s M
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T2 RZMERE W —HR Iz R 4514 TUBE K
PR3 H b A 2 1z FAGFIEGAE .

TEAACRE Y AN B 1 I R R, o] R A 25
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(RuBisCO), IX il 5 o] ¥ P4 2 E 1) 50%, [
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it mAE A E X HEE, MatsushimaZs: "7 R T
— MR, T ARBEHAREOROLED
(GFP) My FMH % 25 B RuBisCO, KA H2 4 88
EIEWA VR T =30 °CJa %, K4 RuBisCO ¥
MR g tE ok, T GFP %A B R S B
Bk (EAZ 7, T8 4 e iR Bl & st vl DA
il RuBisCO K /NP 5 1) & & I S PR AR, V8 2 A% Hf
R A N BR B A K B 1% 5 vt T
VMR R Aifh BEHE AN T2, HER A HS
TR A -1 & MERE RIS (GUS), [k, FFEH
FE X P b B 7 SAE AN [F) 8 LR A R R R S
FE

3.4 EmEcH

o9 B iR P S % R, TR 1) A4 S R
SRR G N IPNG= | B 12 1 | N N b TR
IR DR E, A AR R A B T
R BCE 5 A B 5 LA 7R e A T L AE AR Y
AR REIL, TBOK G P N o G T T 779 88 1 ¥ VR
M pHAEE NG HE GEW TR, JFH
HEREMZMER, iR m et 5iEtE, B
IR AR RAE B DR B AR o A7 S0 v B
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PUR ST AETE, WomRp e, WAER TR
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H A O T R v ARG 5 B /K T 2R3 - 5
WIS AR S AR D Ra e R, By Ak B R RN
fE s SEACEE DR B . TC R AR RO R R BE K B
TRE B, WEYIRIER TR MR KR,
PAPRAE S 1 2 v P2 5 22 bk o F T V6 A 1 DB RR
[EEINIRTR /) N AN <R I R SR s S = )7 VA
FH B P  AR E

4 RV DL

e R DR R 2 v R ) e T R A W E F AR
PURL EFERZAHEY) . WEEYRIEEA. Fio.
FIB AT AF YRR Y, AT B LA J7 T
W R AT A -

4.1 FFEIRIL

TEREIEZE S RS, EFGEMREH
WoR BCE BN, Wk, FEkHMRIERS,
HFHREZBAFBAEME R G, RoEtk. &
PE. BRI R SRR R . 0T R AR I
% SRR W68 7, Bk 5 6865 76 18 9 40 i
b A I R, DAB IR R K P R R Rk,
FEWE R SRR A, At n] DU R AR A A A 1 R
H A FRIE K ZE ", i, 2012 4 Rosenthal M
T ST R G & B & (BeYDV)
WAk, ZEAARP R ARV AN E AR R LR
ik, MR AE T PR IE H R A R A e IR OK RIS AR
FEAERAHTELM T M ERA T H. Lai ™
ARG BB REN S E RS EG TRaMET
WAL R, RLIHAE B R K P R IA U L
VLP FVEF xof 32 1 5709 85 . 78 )8 % W 5 1R 9T
P B 50 B PU AR mAb. W SC B SE T {8 A PCR XY
BjuA03.TTG2 K Fiit J8 2+ 7 41 Fr Btk AT 5 =
PEY 1 I # 2 B) pCAMBIA 1304 854 % ik 3 4k
T R H B BIRIE . ARBENEFES
T MR B W R R ) RO R AR e,
Re 6 (E M)A N A e A7 AR IO 304, o o 2 IR % 2k
BUORAR, I ORIk AR e A T E
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ASHWMEY R ERKMKE, WAHNE TR B
G 7V R DAL A R K3 B S, i AR A R
BRAEATT AT REXS N R Eh A F R B E, Bk
PEH 2 AV . Takita 58 MY R T — MBI o0
kL (pTACAtg 1), £ 0 FE AL i 5 P9 1 465 717 4 1Y)
H 21 DNA v Bro 3 46 SR AE R 55 35S J5 3l
T - BE R BE (35S: GUS) ik [l v [% 2
pTACAtg 1 71, FH¥IH 5 pTACAtg | LKA HE 7
PR IANED . B SRR E A, #
DUEID R 3 Y GUS FRak bE B e 485 7 e A\ 3%
A 3 XA 0 B AR S AR E . AEARATT BT T 4
e, B R 3 DU /b 4 0 R A D R A AR
SAYTER, K pTACAtg 1 304438 F T Fa e e AL ik
FRY 7 £ R B R TR ) 3 43 A

JE B TR P R R R B W S T, A
A & d 1 3 3l 7 AT AR 35 6 s H w2k R ) 3Rk
Ko AT, W CaMV 3583301, ALk
BB BE R 20l T, R] DURR 4 g B 1 R A FR
K, e PR E A SR i 2R AR S M R A ) ) Bl
¥, AR TR E ) R R R IE N I SLR AT DUE
iSRS T, Wzhs80O6E N Es 7 "
117 )3 2l 5 B AL T3 vE A T B2 19 o FUlRE v,
WK E KRG BT . RER K& MY AT
—Ff K FE AR5 R AL 2R 5 BT pNFYA2 i) %
TIERN L, 28 35 0] DA T 3R 3l A0 6 A 5 ]
FEKFEF TR R A ERIE . BAESE Y AT
— R B IE FL R A 1 R SR B T pEnd2, %A 3T
AT LA B A 5 D] 7 AR P B IR AL PR R Rk,
i T A U LR B T AR VR LT X
Y. RAEHE" BERGER A E KRR
HRE S R IE IS 3T PMAP, M SEEE /K- I0AIE T
%8 3 i T 5 3 B bR R AR K IR L Ry
PERIL, MAEHARHLA PR IE A LL, N
YRR TR R A BN 1R 0 7A@ iR ot

P e s 24 b 5 A Ok A 22 PRI A 2 1 e o
Mot b IR MRE AR B oR, EFE B2
1B A2 735 NOS (nopaline synthase
terminator) « OCS (octopine synthase terminator)
S AR 2 B LR LA ST AR TR (heat
shock protein, HSP) #1kF. K5 vspB 1k ¥
HETLHN & T EE R (extensin) Z1EF (EU)

A RN B E 3 (NDACT3) & 1bFEHL R
FIRIA J5 T HE NOS 6 kR & e 25 TR
RN E TR RE A% L5 NOS & Ik FAHxT .,
2k {0 % 6 85 1 (green fluorescent protein, GFP)
FIKEWINT 13565 ",

N T AR B bR BRI Rk K, W
LUK 2 50 B 87 AR A S . B E A
R (S) WERERARIENHEFFEBR (VLP), JF4&
TH#E7) (Adjuvant System 03, AS03), X i i
MA T A G RRe 7y, B R BT
58 G 3R A PR B A RS M B SCE
i 20 Al Rosenfeld B 55 H & 1R $& th T 1S 9 TR S
5€ fi. (enhancer release and retargeting, ERR)
B, R T S R T AR ik R 8 Bh 1 BLR R B
AIREIAE T T2, BN IX I A B O T R A R %
T, B SRR 7R AR )7 BAE B R
Feqili, xF TR R R B RIS R B A B K
EM .

RAERAL I B 80k AT DU = R B F, (H
HM AT Remm g 2Pkl . H%, AR EMER
—ANEE N, AREE R BUR ] RS BRI R R
BRI T B, SO MR v A I R SRR R
FLUR, 0 75 BOR IE BN N B RN R
XA REWI RS AR B A B s N, AN R 1 1
RIBEAMNE RS RE 8. o, HER
) TE VO A AT, X R E E AT R A A
FERFSE (18 EA M b A &Rk, X 2 BRI i A
ANFEIFEY) R G B RGP 2 N o IX 28 )
HB R RE T % P AR B PR AR R £, T B
ik — 22 BT 78R BOR B 37 KA o

4.2 BirRRIERERL

R BLR R R T AR
W, S A HA G PR SR, R
R R AR TR B A R L, RGE S TR R
R A, U3k B S R AT 1 A% 0 e B A O T
RIS FE B 51, HAN S oAb AL 5 2 0
AN, R AU PR AT A 5 AR AR O B IR O a2
HEEMHRPUR, WEFEKE T AT H
R R SR ROIRE, BT EAR Y AT TR
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AR N RIEF A, EAEA PRI T 3R 5 b
FHG3VPT. HbsE AWK T EA L0 55 5%
DA WL AR 72 A2 B 98 B8, et IR 0 2 4 R
COVID-19 {i%FE 1 (CoVLP) & & N &
FESURL (VLP) BJEARIR (S MiEAMHR, X
Fi S E H 2 KZ B COVID-19 1 B )i, BESI
Y QL IR N R A = N | e o e v i N
PEH T MBI SRR R AR T R AR
B, XFPEEALE I R R B N HA
HIEFE B MR, A RS B Y. %A
TEIKFE IR LR IK F e i Dl £ 7 v 201 E 2 i
J& Osr2HN, HiZPiJ5 75 K Fa IR FL b (1) R IE & = id
3.7 mg/g, on 5 A% G5 WA B R R
Rt

BT (Pt i ik B B AT 22 v fs e e, B
LMY PR R m ARk, XA ST
JEE 1) G 928 0 B RORL BOAS R B, B RETE MR TN
TR A7 TR R AR FE L DR, BRAR A I 1R e
B, BRIEZF "R T — M m g 2 RIEN
RN, ZEWEANNARE, £ CMV S
TFAER Tl DK HAir RN, HEHRS
RIBKFRIE—BEIEG, T T H Y0 20 i ik
ANRTERE, TER—F “ B SHLH 7 DRI % 4
P AN EE T S ) R I 3R O I 1 56 A A UL
WrlE e e e, gt EYIEANEH
L% B2 E OstHSA A W /£ SU M, 0 2R 9 3 %
MABTREEEME, NAMMZEERET
A,

VF 2 MR W B R T O gk, 4
w, AT AHEWAEEEY . LA FKRAIK
FEIEETF R T 0 R & B Y w7 & A
JR P, BRI bR R N B AT T A AR 1% 1) v
JTo DXIKAREE U N FF T —FhoRI 21X 0157: H7 4t
i P 2 S R 2B ST A ) B T o SR S T it
— g 5 AR5 7 T 284 o 4 e LA T8 1 il 4% 7 0%
RAFHE B A 5 A AT R B =Y, W H
BAE N O RZE AT, R 5 A 20 ) LAk = A
Pk, BB B AR

Xof T e A, 0 R T I B R R
(998 TR A, % L 4 T L o 1 L DR A B E IR
ME o 3K 815 ME DUR B A e A A 92 A R R A AR

REPUEFH, i R T bR R ) G
Bl o R I % e A T B AT DA v L A A )
TR R, H SRR T B S SR
MBS YR IE R G AR R 8, XE DUIA 2 #
TR RIEAT, F20 1 B8 1) A7 28R A AR 2%
mo —AHLE A REAEIEFAEY RIL RGP RENS
WAL, EAEHA RGP W FRE A, X T
WF A IE N RIE RGAMRACRIEFAF AL, R
7 HAR U A 2 REPE ARG, HLW R AR AE
AT AR AT e A e B R IR AL, AT SR A i
(K3 F AR TR TC AT RO G 15 2 LR A2 5 I 197
JEUAA 7 A G B AR AP, R T e AR S M R
X KR R, 3 SO I R AT Rk
B

4.3 ERAREIHRNK

MY HEZMEHNRERS . R, fH
YA i R RO I 2 S EOREBEAL,  BE  N i
VH RO B e 4 o R 2 A 2 B 0 O A2 A v o AL 1)
Rz —, — LT 0 T v I A R
JEEA H EE g Y, (R, B
A AR A B0 FE BB Y S5 4 N Sl o e e MR AL
IR Pv e I - L T S A o S | BUIE 375
TAEROR, W] DU A 0 40 B P 1 B R AL AR
i H 2 A 5 ON SR B AE BL R B 5 4, AT sk 2D
G P58 T A R 3 iR 928 1 (1) 22 A TP Peele 5 MY T
2006 = FF 2 T 0% v S5 A ) B T V-4 2 A B A
M, ARTAHEZEA “NIEL” N-FEERE R
200 P VR R S VR B 5, T S 2 s e R A ) AR K
KA, BT AR LS. 2017 4,
Hanania 2% ™ ) F{ CRISPR/Cas9 & [K 40 4 45 5 A,
i R B BY 2 2 LR R BT, 2) - B B A R g
(XylT) A a(l,3)-FERER LA (FucT) HH,
M FE — 528 FEE L 55 7 0 3 4 o G 32 T 1 1 5
Wi, AR BB AR 2 AR T E SR .
MBS DB S AL A, AT DU I B 1 K R A
Iy 3, NIRRT AT & R TR T . Yang
2 BRI R R AE Y RIR Y Der p 1 207 1 15 H 22 0
BUBE B AN 5 M 1) 5 B s A, 5 AR BE A 1) )
YIFIEL, HEFEALH) Der p 1 7EAR SRR B H PR Y TgE
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GG RE ), XK BEAR o1 IgE v 5 I SR R R
Bz, [R] I OR 5 LAl 3 24 1) Th 40 0 S 2 (14 g

FE PR ACHE 2L AL B U A OQ 2K DI, AT e 2 Y B
O BRSSO S 1) AL, R AR AL 2
(R RINEE T - Vrd c R = C 7/ N RiNE - e
Wi mAEs 2 ax, ¥ A2 ARSHE AR A
YRR, RS A M 420X 26 3d 4% DL S B AR (48 11 2%
R, MEREBCK, BIMEZEMA, FEEE R TR
A A A 1 R X S 8 i A AT G RE P R R e 473 TH
AR, ik E R B AR

4.4 SEOBIIHKHERE

YRR R LR, NP
A R R e BN R N E R K.
N T B ik AR B AR A R AR, T LR
PUE A B N Y, R A 3R
IRRFRE M PTE FM, f22 R AR 1 T ) 7R B
=R R B AR e, ATRAVRE A E A A
el g, (EIX PR - 5 3 B AR AT A AXAE B 1 i
WOE JE A Y AR pT I  R A EEAR, Y
B B RT LAy N YRR 22 R AR
R RA R RS AR R R & O
R 7R < R IR IR A 7] ) (B4

4.5 MHERTA
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Table 4 Some commonly used plant protease inhibitors
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Fig.2 Optimization of plant-derived vaccines

(The optimization of plant-derived vaccines can be achieved through the optimization of vectors, the selection of target antigens, the modification of

proteins, co-expression of the target gene with protease inhibitor genes and silencing suppressor genes, and the optimization of the purification

process. The co-expression of the P19 protein gene in the figure refers to the study by Ma et al''**). This figure was created by Figdraw.)
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Fig.3 The mechanism of action of P19 protein
(The viral RNA that invades the plant body is assembled into double-stranded shRNA, which is cut into 21-23 base pair siRNAs by the Dicer
enzyme. These siRNAs form a siRNA-RISC complex and bind to the homologous mRNA, causing it to be cleaved. However, when the P19 protein

is expressed, it assembles into a dimer that binds to the siRNA, preventing the siRNA from binding to RISC, and thus the silencing process cannot

proceed. This figure was created by Figdraw.)

iR ) A0 T [V B e B, O R R
B AR R IR EAT B . A5 K 0 IR SR A
R XL R v AR IR B A A, AT S B
B LA EJT A A AN R SR oy B S A4 4Rt
TR

5 HMIREE L
5.1 (EYIREE R RIELER S

TS MRE RS, EYEILAE
TERIIFAb . BATHI R R T 5, RO T ELH
W, HARXOE R, R R R A] s
AR, MR ET 7R RGN 5 B B SR R R,
WL T B m SR A AW . YR
FEEALRBT R, ¥R R RA T
T AL G (1) K A B S R BT R SR I B
A, MYIRIE RGN AP AT UMK E ST
T 10~20 376, T BERIE R G A T % w1 A
FERAR L8 200~300 3576 NV, A B RIS R G

HA 2 BUA 2 98T 50 100~200 £ 76, W AL30
Y L 20k R G B T v AR PR AR 200 260 3%
JG M, FHY AT DATE IR B BRI R R KA
P, X R T DASE I 2 W2 R P R . PR R T A
A PP T RTYR T MR AR AR R RIRE R R 42 3RO I
AT 2 H PR BB T T AR OC E L . R N RO VPR
AR i, RIS IR DR R A e K2 8 JE R RT SE K
M H TR Y IR G B s, PR e g ol
AR R BOR AT R b o IXRE IR P AR 7 5 5
PRAETIE, R PUS R KBWAT W . tbah, 1
Y] AT R 58 (PTMD, = A Rl TR FL
YDA L) RS S Ak o e B I R Rk R
188 [ B LA B, w7 DASE I AR 1 5 1 1 A 3 2 A
AhER DT i TR AR AT R B, R R R
g R I R IE W BAR, WD ELRFILRME T
5t L3N A 4 B R R 2R OE R Tk UL S 1
RN 5y Ab BRAE BT CARAA ) R A AR G
pEAQ. magnICON FIXU A 85 K IAF & it g 2
SR DR O T Y R AR 25 A PR I R E R
KK R — SRS 2 S ] J e



862 BRENE H6B

5.2 EMEEEMERERNERZRESH

IR A — D E R H R EY A G2
AN, BN NEWIEEANSEEY R, N
M B TR o 35 5040 B N B R 5 421X
Bor treodo R R A U T E i A RN B S THI AT AR
— SRR, H RS 25 05 1 R R R G R
MR, EAMATER (EV) Bl A g0 [a)
G TR AL, XRHLEITE BT A A
TRUFHO OR B, BT IS R LR 9P 4 25 AL R S 2
B 5 fif, AT A AT 40 M (8] % % . Pomatto 55 7
s T —MORIE T AT B Y (TR
1) WEV (0EV), FFLAHARE A B AR Wi i 2 ik ot
KT —Ff SARS-CoV-2 ] S1 & [ B A7 B o 1%
¥ T B 0 AE OBV ) mRNA fEVR T A B3 5, T
HiR TR EKE -4, EMATRE R,
W HE A RO BT R e R B, AR
TR IgM. 1gG Al IgA, R IhiE i 7 & N
G 58 S IR R TE R R R, JEARA L H R A
ST 6 e R R AT P R fi A s 925 I NV (1) i
7E Ramjee 5 "7 (UWF S, HEYIRIETI QVLP 1
T TR AE 9T O TR B T XS R IR BT
BRI H A A o

5.3 iEMFEEEIREIL

FEL DR 2 v 1A R TK KT T RE 32 31 2 il R 3K 11
AT AR e/ P R L NG o SE2 3 AR JPN E TN VA AN
SR IK PR T IF A, T BOA R A [F] A PR
8] 515 B RIS AR AE 22 0%, WAL B I 5
AR o K0 20 L i 0 ik AL A2 T ik A2 5 e L 3
Yo A7 AL 22 57, AT RE S BUI R IL Mt IR & bl
B AANF T RIBE A, 5200 H G2 5 AR
i ik o R I T DR TR T BT LA A
Wig Rt AT g, (3 E S 4 1 N TRALHE AL
AT IR HAT BRe e, 7 BEERN T A 0 S A
BUFBEAT B 2% R 2 R 4

IR R 2 TR BRI AR 22
Lo d R B S AR W) 2 A vE A, DUR DR 6 ER
AN S e B e X FT 4. P R R
FEINS, R 2B BON 2 A, i se i = A
IR WA, & ENR M EE SR

ZERMERNSE . KR AT IR A
W AR T, B R PR AT T I PR
A TR PRI A BT
HigK, wagdh B ELE+JUENRE, XA
AN TR A, WAE SR TR Y TR

DR e T BRI RE FE A PR, A7 AE RS
IR LA VE RN BE RS, 1E 52 5 R HoR A
PR v R AR DT T B AEAEAS A, W] RE R
X R DR I AN B AR R A &, R R &
TR BB 27 DAl M e, Esh Z A R 75 A
FRIE ) A A L HEf . BEAIE R, SHAAK
HE LT I s e AV Rk, BB R T A AR
WIHEDE A A R R L, 3K P 47 1 285 2 W RE 5 Wi A
PR v (T A HE T A RLH o

BEAh . FIEIKFHIATE E P 0 PR 85 ) UK
Vi L 5 Bl S A Bt 3 B S U RN, AR A
R v I W P PR AR e R A B T RE A S
JE gy, XA GIR T AR A . A
i R R 0 8 RO R R 32 R P LA, T RE 0
FELWD P W T S 4 T A0 R P AR AR, AN A
] 252 01 b DX ) S A AL R o A P 2 i D B v AT
TORFAZSR, RGHEWERKEEIR . 4
AR B 7 R 1 R M, 3 n 1 il 5 RSCAS
DN AR B AURE) X B R DR R D A D e v 2B 7 A
FEAEEDE, $H O B I DR A7 W] RE T & 2R € X I
AN HARALE, PBORA, BUE S B AR H L
HAbRE YR, 515 BRI . 2 A A
PR Rl B R LB IR 2
B 1 R AM G e o IR BERAE AR IR R O™ RS 1Y
B R HE M, ndER RS RS . VOGRS SE, N T
PR RVE BEAERE . AL, WS A R
M, WmELEY. R, HMEAESE,
R 2 5 T 58 IR A0 R AN T R R A ) A
MRERONE 2%, WY b 3R UM 44k 28 v PR
FERE A ], ARG OR 7l 2 A AT 2K
Yeo SUCFEE, HEWAE ALY B, HA R
AR, B S Y RE . BEw AT LR BB
HDReE7/Ks NG TP = 0i = I a3 BUR il SR S T D )
REVE, AU HBEATH VI, CABTAYEER
YOBE T RZ B A=A U T LR AR & /ARDRHE
CY/Ja = P | R S /) VA R DS S 1 3



%£6% www.synbioj.com 863

FEREIR, DLIR /b B 2 IR 5 A il MERDRL B 1) S A7
RS Qe . R, FOE SRR TR T B,
DAREAL . M BUMETEA B EOR, Rm R
TR 22 Ao, R P S 38 1) 6% DR) 4 R 50 R A
RIKR G, &5 PR AR iR IE K,
BEARAE 77 A o RIS, T R 5 v ) i ORI 44k
TZ, KERED T RZRB, SRR A A
LR s e R IR AP 1 (RS o T <Y
g EAHEMTERE, FAHEMER, ek
R W T AEAN [ B AT A i PR AR 56 AN A
W, NS HAIANLE], B E R, iR
Pogewi i) L R . s A AR ME A, SR
O WO RE D T e A VAN O, TR A
RN B DL AE 0 2 R AT S S, 8 5 2 AR
TR 32 B, Bl KRB 25 =] S
MR w48, IEFIJT AR 2 v BB R A AR
PRIUH, SEBULH E AN, B AE, ATRAE R
AR, AR RA, REo ¥R, HEs
YR ) R JE . 5 EPTIR, R FE Atk
B 5C 2 i R0 AR b A 22 7, D5 SR 7 2tk — 2D
FIBEFEAIGE, LA IR IR W 2 et A
ROE AT HF SR

6 MBI PSR

FE DU 2 WA N — PO X % AR LR
IETEIZ D R I H AR U E R ), — A
Jod JEE A T 35 R P 90 o B e ke, B T I AR
WA LAE LA WITFLE, S5ESMEY R N 8,
ETHMMAGHAERGRENTT R, &
FE— R A KK S AR KB FE, I
HUmT DRI 22 5 KR w R, DL 2 X 2
ESEN SIS

FOE IR A s 2 mR PR, B RN
BRAR R ISR T, e B Ae AR T B VR EE 4N 1 B
o3 BE 1 2 BN, AR R AR A AR Rk 5 Kk
FH ™, BB Z e s )y . Bl
BHEARMIND, 26 R T 5562 1) 51 7
N, WEAHRLIEBIE (CT-B) #A,
B85 SRR L3 3% 1) SR BR At 74

b8 & B AR AN W gk 20, R 5 W ) N FH A

R A K. Bx T HATC AR PUA. JUEMIE
S REHT, KPR PE W AT BN T 5 2 R I T
B FIR T o %R T LA U E D) A BOR AN BE 7
AR R REER, HBETER. BESARN
o, BATH BE I 2 5T R A
HEN I R T I AR

o BN A5 A 2 w] DAAE R v T R AL,
ANTRI 9 SRR A 0 B R 3 1 B0 DR 5 AT AR A R A 0
AR A ATPE AR OR BT I & B R PEBUIR AT
I ) BRI Al 3 A ST AN B R R R H Y, A
RRPEEI A A B BT AR 3 7 S 2 A 241
Fe B TRGE 73 8 IF & R PE SR R Y, KK
PEH WA B, ST AW R . A R
B &5 & BN PP o R A A5 B2, AT
LA A D 5088 v 2B 6 1K RAE PR AT R 3 e
R A% P 2 ARG AL AN S IR S DR vy RO iR
THATE A PEL BB, SCBUREHE S e, PR A
XA AN R OR3P R R

FEL D 558 W AT DAAE 4 /N 2 v R B sk 11
RSB, S LS i B R A L, R
H 5 T8 AL 7 B A — DT A R R K R, R
SRANWT T R AR HEAL 19 35 S I B T+ 7KHE o v H i
(RAmy 3D) Ji3 8 T AAS ] 1AL 22 15 5 5 30 1 LA
RX R S5 NI A R AT A
i I RO B AR R LY, EIR AR A
PR A SR A R v ) e MR A EEE 2B
s U BRI, A SIAAT I RNA R B AR 7
LR, TR R A RS A A R T R AR
SE AR AT A B, 2 5 RS B Al
WKL R G, W RIEL LS RIE. A,
A7 7 i 14 28 ] RE 70 M T 37 W] 45 52 P 4 52 3] ) 32 A
AR, JF Ho i T ok = DU R A 7
Y2 25 W0 I S B A O BRI, PR — B2
—ANE G RE R T B ORI R, IR
B H AR A 7 K O T RE . ERE YR R
A REE, RIS A ) NG 1K) 75 5K 24T 4 7 1k
BETl, AT RAOY RS E I SO AR 4 B A HL A g R
RPN . AR, SRE AR AW,
HEA 2 BT 5t 2 W1 R 0I5 B B A UK N T
T3, AEBE XS I 8 B WA AN [F) i AN IR BT T B Gk
BRI R GGV BN =, BB AE I PR R



864

BENZF

%65

MR A 5 2 A Uk i i it — P IR, R RIT
R 2 P v R A T A B A

(1]

(4]

(3]

[10]

[11]

Z £ X W

HUEBBERS J W, BUYEL J F. On the verge of the market-
plant factories for the automated and standardized production
of biopharmaceuticals[J]. Biotechnology Advances, 2021, 46:
107681.

CHAN J C N, CHAN A T C. Biologics and biosimilars what,
why and how[J]. ESMO Open, 2017, 2(1): e000180.

CHUNG Y H, CHURCH D, KOELLHOFFER E C, et al.
Integrating plant molecular farming and materials research for
next-generation vaccines[J]. Nature Reviews Materials, 2021, 7
(5): 372-388.

GUREVICH E V, GUREVICH V V. Beyond traditional
pharmacology: new tools and approaches[J]. British Journal of
Pharmacology, 2015, 172(13): 3229-3241.

ARET, WEIRRA, DI, S5 R A R A AR A SR W S BT
. A EAY TR, 2023, 43(1): 71-86.

ZOU Q, PAN W S, QIU J, et al. Recent advances in
optimization strategies and applications of plant bioreactors[J].
China Biotechnology, 2023, 43(1): 71-86.

WARD B J, MAKARKOV A, SEGUIN A, et al. Efficacy,
immunogenicity, and safety of a plant-derived, quadrivalent,
virus-like particle influenza vaccine in adults (18-64 years)
and older adults (=65 years): two multicentre, randomised
phase 3 trials[J]. The Lancet, 2020, 396(10261): 1491-1503.
RYBICKI E P. Plant molecular farming of virus-like
nanoparticles as vaccines and reagents[J]. WIREs Nanomedicine
and Nanobiotechnology, 2020, 12(2): e1587.

BRI T AN A K T 9 FE AL AR P K AR Ik L VTR S 2
BeFHIP D], KR H AR, 2018,

CAI J B. Expression, biological activity and pharmacodynamics
preliminary study of fibroblast growth factor 9 in safflower[D].
Changchun: Jilin Agricultural University, 2018.

AR, By e A S B A: AEFE FGF M L) 3] 4
At 7, 2019(11): 16-17.

LI X K, MA J S. Plant bioreactors: the “Plant Factories” for
FGF production[J]. Life World, 2019(11): 16-17.

W o5, XA WY, FROSRR, S TR AR T AE S s Bl
AT ]. A E B IR {8, 2024, 26(2): 5-6.

YANG X F, LIU Z M, SHEN M X, et al. Prospects of
genetically engineered vaccines in the prevention and control
of animal diseases[J]. China Animal Health, 2024, 26(2): 5-6.
FAUSTHER-BOVENDO H, KOBINGER G. Plant-made

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

vaccines and therapeutics[J]. Science, 2021, 373(6556):
740-741.

RERE, AR T, TR IR DR AR 7 DR DR T RO
[7]. [ TR 2 5 2 4R, 2001, 23(2): 157-159.

WU J X, ZHOU J Y, YU C. The technology of develop gene
enginering vaccine by trangenic plants[J]. Chinese Journal of
Preventive Veterinary Medicine, 2001, 23(2): 157-159.
MASON H S, LAM D M, ARNTZEN C J. Expression of
hepatitis B surface antigen in transgenic plants[J]. Proceedings
of the National Academy of Sciences of the United States of
America, 1992, 89(24): 11745-11749.

LIU Y L, WANG J F, QIU B S, et al. Expression of human
hepatitis B virus surface antigen gene in transgenic tobacco[J].
Science in China Series B, Chemistry, Life Sciences & Earth
Sciences, 1994, 37(1): 37-41.

MATIC S, QUAGLINO E, ARATA L, et al. The rat ErbB2
tyrosine kinase receptor produced in plants is immunogenic in
mice and confers protective immunity against ErbB2"
mammary cancer[J]. Plant Biotechnology Journal, 2016, 14(1):
153-159.

NAUPU P N, VAN ZYL A R, RYBICKI E P, et al
Immunogenicity of plant-produced human papillomavirus
(HPV) virus-like particles (VLPs)[J]. Vaccines, 2020, 8(4): 740.
MAHARJAN P M, CHEON J, JUNG J, et al. Plant-expressed
receptor binding domain of the SARS-CoV-2 spike protein
elicits humoral immunity in mice[J]. Vaccines, 2021, 9(9): 978.
XU Q R, MA F S, YANG D C, et al. Rice-produced classical
swine fever virus glycoprotein E2 with herringbone-dimer
design to enhance immune responses[J]. Plant Biotechnology
Journal, 2023, 21(12): 2546-2559.

YUSIBOV V, STREATFIELD S J, KUSHNIR N. Clinical
development of plant-produced recombinant pharmaceuticals:
vaccines, antibodies and beyond[J]. Human Vaccines, 2011, 7
(3): 313-321.

ALEXANDER J, WARD S, MENDY J, et al. Pre-clinical
evaluation of a replication-competent recombinant adenovirus
serotype 4 vaccine expressing influenza H5 hemagglutinin[J].
PLoS One, 2012, 7(2): e31177.

CUMMINGS J F, GUERRERO M L, MOON J E, et al. Safety
and immunogenicity of a plant-produced recombinant
monomer hemagglutinin-based influenza vaccine derived from
influenza A (HIN1) pdm09 virus: a Phase 1 dose-escalation
study in healthy adults[J]. Vaccine, 2014, 32(19): 2251-2259.
KHANTASUP K, CHANTIMA W, SANGMA C, et al. Design
and generation of humanized single-chain Fv derived from
mouse hybridoma for

potential targeting application[J].

Monoclonal Antibodies in Immunodiagnosis and Immunotherapy,



%£6%  www.synbioj.com

865

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[31]

[32]

2015, 34(6): 404-417.

MA J K, DROSSARD J, LEWIS D, et al. Regulatory approval
and a first-in-human phase [ clinical trial of a monoclonal
antibody produced Plant
Biotechnology Journal, 2015, 13(8): 1106-1120.

Merck’s ERVEBO® [ebola zaire vaccine (rVSVAG-ZEBOV-

in transgenic tobacco plants[J].

GP) live]granted conditional approval in the European Union
[EB/OL]. (2019-11-11) [2025-06-01]. https://www. merck. com/
news/mercks-ervebo-ebola-zaire-vaccine-rvsv% ce% b4g-zebov-
gp-live-granted-conditional-approval-in-the-european-union/.
MAHARJAN P M, CHOE S. Plant-based COVID-19 vaccines:
current status, design, and development strategies of candidate
vaccines[J]. Vaccines, 2021, 9(9): 992.

WARD B J, GOBEIL P, SEGUIN A, et al. Phase 1 randomized
trial of a plant-derived virus-like particle vaccine for COVID-
19[J]. Nature Medicine, 2021, 27(6): 1071-1078.

SU H, VAN EERDE A, RIMSTAD E, et al. Plant-made
vaccines against viral diseases in humans and farm animals[J].
Frontiers in Plant Science, 2023, 14: 1170815.

FRRYy, EiEAE, DE/NE . AEIAE N EAERIE NI IRR
7 8 E R A N B0 2 T B8 - CN111393511A [P].
2020-07-10.

WANG Y J, WANG H J, PANG X J. Application of lettuce as a
host in expressing human papillomavirus proteins or preparing
human cervical cancer vaccines: CN111393511A[P]. 2020-
07-10.

LAIHF, HE JY, ENGLE M, et al. Robust production of virus-
like particles and monoclonal antibodies with geminiviral
replicon vectors in lettuce[J].
2012, 10(1): 95-104.
VANDERBURGT J T, HARPER O, GARNHAM C P, et al.

Plant Biotechnology Journal,

Plant production of a virus-like particle-based vaccine
candidate against
syndrome[J]. Frontiers in Plant Science, 2023, 14: 1044675.
KEKAE, SMASON Hugh. & it 193 B 1M1 %% 25 92 1 76 75 FE A
LR RIA ] EWER, 2001, 11(5): 3-4.

SONG C Z, SMASON H. Expression hemagglutinin vaccine

porcine reproductive and respiratory

of avian influenza virus in transgenic potato[J]. Biotechnology,
2001, 11(5): 3-4.

KWL DB Y RS S (K AR AR 75 p30 H AR AR FA
T IA D). KA HAORAL R, 2023.

LIU Y. Expression of p30 protein of African swine fever virus
mediated by potato virus Y in Nicotiana benthamiana[D].
Changchun: Jilin Agricultural University, 2023.

PINEO C B, HITZEROTH I I, RYBICKI E P. Immunogenic
assessment of plant-produced human papillomavirus type 16

L1/L2 chimaeras[J]. Plant Biotechnology Journal, 2013, 11(8):

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

964-975.

RYBICKI E P. Plant molecular farming of virus-like
nanoparticles as vaccines and reagents[J]. WIREs Nanomedicine
and Nanobiotechnology, 2020, 12(2): e1587.

UL, YL, BT, 4% AR TR DU R (1 G3VPT R AETE
A B AR AL TT D). AR R 2 LR A2k &, 2012, 29(2):
328-331.

JJA 'Y C, ZHAO K, XUE X, et al. Study on genetic
transformation of antigen G3VP7 gene of human rotavirus in
peanut[J]. Journal of Biomedical Engineering, 2012, 29(2):
328-331.

HE R, ok O, VRAE A, 55 OE R G B B AEKAE T
FIE B A R 1 %5 52 [0 AR AE MR 2441, 2019, 27(2):
204-211.

SHEN X J, ZHANG E Q, XU Q R, et al. Expression of rabies
virus G protein in rice (Oryza sativa) and identification of its
genetic stability[J].
2019, 27(2): 204-211.
KIM S'Y, JUNG B K, PARK G N, et al. Histopathological

Journal of Agricultural Biotechnology,

evaluation of the efficacy for plant-produced E2 protein
vaccine against classical swine fever virus (CSFV) in piglets
[J]. Journal of Bacteriology and Virology, 2019, 49(3): 133.

WANG Y Y, DENG H Q, ZHANG X B, et al. Generation and
immunogenicity of Japanese encephalitis virus envelope
protein expressed Biochemical and
Biophysical Research Communications, 2009, 380(2): 292-297.

HE X, HASELHORST T, VON ITZSTEIN M,

in transgenic rice[J].

et al.
Production of a-L-iduronidase in maize for the potential
treatment of a human lysosomal storage disease[J]. Nature
Communications, 2012, 3: 1062.

ROSALES-MENDOZA S, ALPUCHE-SOLIS A G, SORIA-
GUERRA R E, et al. Expression of an Escherichia coli
antigenic fusion protein comprising the heat labile toxin B
subunit and the heat stable toxin, and its assembly as a
functional oligomer in transplastomic tobacco plants[J]. The
Plant Journal, 2009, 57(1): 45-54.

GU Q, HAN N, LIU 1Y, et al. Expression of Helicobacter
pylori urease subunit B gene in transgenic rice[J].
Biotechnology Letters, 2006, 28(20): 1661-1666.
MATSUMOTO Y, SUZUKI S, NOZOYE T, et al. Oral
immunogenicity and protective efficacy in mice of transgenic
rice plants producing a vaccine candidate antigen (Asl6) of
Ascaris suum fused with cholera toxin B subunit[J]. Transgenic
Research, 2009, 18(2): 185-192.

YANG L J, KAJIURA H, SUZUKI K, et al. Generation of a
transgenic rice seed-based edible vaccine against house dust
Biochemical Research

mite allergy[J]. and Biophysical



866

BENZF

%65

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

Communications, 2008, 365(2): 334-339.

LACOMBE S, BANGRATZ M, BRIZARD J P, et al
Optimized transitory ectopic expression of promastigote
surface antigen protein in Nicotiana benthamiana, a potential
anti-leishmaniasis vaccine candidate[J]. Journal of Bioscience
and Bioengineering, 2018, 125(1): 116-123.

YOSHIDA T, KIMURA E, KOIKE S, et al. Transgenic rice
expressing amyloid B-peptide for oral immunization[J].
International Journal of Biological Sciences, 2011, 7(3):
301-307.

FEIRF, XI55, SR, A L MR A T R W 3 IR R %
T S 4% 7 7 CN1820784[P]. 2006-08-23.

REN Z J, LIU Y, GUO Y S, et al. Tobacco-expressed FMD
plant genetic engineering vaccine and its preparation method:
CN1820784[P]. 2006-08-23.

BUETOW D E, KORBAN S S, SANDHU J, et al. Plant-
derived vaccines against respiratory syncytial  virus:
WO0068392[P]. 2020-05-10.

LANGRIDGE W H R, ARAKAWA T, CHONG D, et al.
Expression of cholera toxin B subunit in transgenic plants and
efficacy thereof in oralvaccines: W0O9918225 [P]. 1998-10-07.
SOHRAB S S, ASHAR E I A, ELKAFRAWY, SHERIF A A, et al.
Development of an edible vaccine: WO2021161028A1 [P].
2021-08-21.

TSy, B, BiR%E AR N EAERIE R E P
N : CN110229847A[P]. 2019-09-13.

WANG Y J, MA L, WANG H J. Application of lettuce as a host
in expressing hepatitis B vaccine: CN110229847A[P]. 2019-
09-13.

KM, 2=, SRR, A L H AT A 156 2 g 19 HBe-VLPs 1 il
SR AEE ], £ TRESAAR, 2020, 36(7): 1440-1449.
LIU D, LI B, BI C, et al. Preparation and characterization of
HBc virus like particles with site-directed coupling function[J].
Chinese Journal of Biotechnology, 2020, 36(7): 1440-1449.
CHO K N, OUH I O, PARK Y M, et al. A plant-produced
porcine parvovirus 1-82 VP2 subunit vaccine protects pregnant
sows against challenge with a genetically heterologous PPV1
strain[J]. Vaccines, 2023, 11(1): 54.

D’AOUST M A, LAVOIE P O, COUTURE M M J, et al.
Influenza virus-like particles produced by transient expression
in Nicotiana benthamiana induce a protective immune
response against a lethal viral challenge in mice[J]. Plant
Biotechnology Journal, 2008, 6(9): 930-940.

D’AOUST M A, COUTURE M M J, CHARLAND N, et al.
The production of hemagglutinin-based virus-like particles in
plants: a rapid, efficient and safe response to pandemic

influenza[J]. Plant Biotechnology Journal, 2010, 8(5): 607-619.

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

POTERA C. Vaccine manufacturing gets boost from tobacco
plants: canada-based medicago opens U.S. facility to exploit its
influenza vaccine production method[J]. Genetic Engineering
& Biotechnology News, 2012, 13(6): 8-10.

LOU X M, YAO Q H, ZHANG Z, et al. Expression of the
human hepatitis B virus large surface antigen gene in
transgenic tomato plants[J]. Clinical and Vaccine Immunology,
2007, 14(4): 464-469.

PNIEWSKI T, KAPUSTA J, BOCIAG P, et al. Plant
expression, lyophilisation and storage of HBV medium and
large surface antigens for a prototype oral vaccine formulation
[J]. Plant Cell Reports, 2012, 31(3): 585-595.

KANAGARAIJ A P, VERMA D, DANIELL H. Expression of
dengue-3 premembrane and envelope polyprotein in lettuce
chloroplasts[J]. Plant Molecular Biology, 2011, 76(3): 323-333.
SHCHELKUNOV S N, SALYAEV R K, POZDNYAKOV S
G, et al. Immunogenicity of a novel, bivalent, plant-based oral
vaccine against hepatitis B and human immunodeficiency
viruses[J]. Biotechnology Letters, 2006, 28(13): 959-967.
GRECO R, MICHEL M, GUETARD D, et al. Production of
recombinant HIV-1/HBV virus-like particles in Nicotiana
tabacum and Arabidopsis thaliana plants for a bivalent plant-
based vaccine[J]. Vaccine, 2007, 25(49): 8228-8240.
GUETARD D, GRECO R, CERVANTES GONZALEZ M,
et al. Immunogenicity and tolerance following HIV-1/HBV
plant-based oral vaccine administration[J]. Vaccine, 2008, 26
(35): 4477-4485.

e, 2, SO0, A REEL I U R TE R1-3 BRI
Iy TRHESEE ], AR, 2023, 56(17): 3277-3284.
MA Y B, LI H L, WEN 1], et al. Identification of molecular
characterizations for transgenic cotton R1-3 line of glyphosate
tolerance[J]. Scientia Agricultura Sinica, 2023, 56(17): 3277-
3284.

QIAN B J, SHEN H F, LIANG W Q, et al. Immunogenicity of
recombinant hepatitis B virus surface antigen fused with preS1
epitopes expressed in rice seeds[J]. Transgenic Research, 2008,
17(4): 621-631.

HUANG Z, MASON H S. Conformational analysis of hepatitis
B surface antigen fusions in an Agrobacterium-mediated
transient expression system[J]. Plant Biotechnology Journal,
2004, 2(3): 241-249.

KESSANS S A, FRATER J, MATOBA N, et al. P02-10. Plant
expression of chimeric Gag/gp41 virus-like particles as
a mucosally-targeted subunit vaccine against HIV-1[J].
Retrovirology, 2009, 6(3): P15.

WAL R R 5 BOR QUHTBETEBE . AT 2 3R i
k3% AN 2 He A % 42 [EB/OL]. (2021-06-11)[2025-06-



%£6%  www.synbioj.com

867

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

[77]

01]. https://sat.hbu.edu.cn/info/1009/1673 .htm.
Hebei University Institute of Science and Technology
Innovation. Why is the upper arm always chosen for
vaccination instead of other sitesfEB/OL]. (2021-06-11)[2025-
06-01]. https://sat.hbu.edu.cn/info/1009/1673.htm.

Medicago Inc. Quebec-based Medicago is transforming the use
of plant-based technologies to rapidly develop and produce
novel vaccines and therapeutic proteins[EB/OL]. [2025-06-01].
https://www.nature.com/articles/d43747-020-00537-y.

T T, W AR, T SRR AR R R AT 1 e MR B A I 1
I 2R3k AR B 1) AR ) R B A - CN 114634948 A[P]. 2022-
06-17.

ZHANG Y M, XIE C M, FANG R X, et al. Utilization of
wolfberry as a bioreactor for transient expression of foreign
proteins via tobacco mosaic virus CN114634948A[P]. 2022-
06-17.

LEI L. Lettuce-manufactured pharmaceuticals[J]. Nature
Plants, 2019, 5(7): 646.

KEHAGIA E, PAPAKYRIAKOPOULOU P, VALSAMI G.
Advances in intranasal vaccine delivery: a promising non-
invasive route of immunization[J]. Vaccine, 2023, 41(24):
3589-3603.

CHEN X J, FAN X D, LI F Z. Development and evaluation of
a novel diammonium glycyrrhizinate phytosome for nasal
vaccination[J]. Pharmaceutics, 2022, 14(10): 2000.
GAOBOTSE G, VENKATARAMAN S, MMEREKE K M,
et al. Recent progress on vaccines produced in transgenic plants
[J]. Vaccines, 2022, 10(11): 1861.

KUMAR M, KUMARI N, THAKUR N, et al. A
comprehensive overview on the production of vaccines in
plant-based expression systems and the scope of plant
biotechnology to combat against SARS-CoV-2 virus pandemics
[J]. Plants, 2021, 10(6): 1213.

SMITH C M, FRY S C, GOUGH K C, et al. Recombinant
plants provide a new approach to the production of bacterial
polysaccharide for vaccines[J]. PLoS One, 2014, 9(2): e88144.
JFSFY, a5 T . R AN P I SR I AR 4 5 S K Ak
JE[T]. b B R 23R, 2013, 29(24): 151-156.

ZHOU D D, YU J N. The progress of establishing transient
expression system in plant cell[J].
Science Bulletin, 2013, 29(24): 151-156.
WIGDOROVITZ A, CARRILLO C, DUS SANTOS M J, et al.

Chinese Agricultural

Induction of a protective antibody response to foot and mouth

disease virus in mice following oral or parenteral

immunization with alfalfa transgenic plants expressing the
viral structural proteinVP1[J]. Virology, 1999,255(2):347-353.
VENKATARAMAN S, KHAN I, HABIBI P, et al. Recent

[78]

[79]

[80]

(81]

(82]

[83]

[84]

[85]

[86]

advances in expression and purification strategies for plant
made vaccines[J]. Frontiers in Plant Science, 2023, 14:
1273958.
NURZIJAH 1, ELBOHY O A, KANYUKA K, et al
Development of plant-based vaccines for prevention of avian
influenza and Newcastle disease in poultry[J]. Vaccines, 2022,
10(3): 478.

WA . Bl 5 35 HN R B 5 F 3R B 45 A L3300 4 il
il 2 [D]. HUM : VT K2, 2006.

CHEN Y B. Cell fusion as affected by co-expression of
structural domains of hemagglutinin-neuraminidase and fusion
protein of Newcastle disease virus[D]. Hangzhou: Zhejiang
University, 2006.

SU Y L, LARZABAL M, SONG H, et al. Enterohemorrhagic
Escherichia coli O157: H7 antigens produced in transgenic
lettuce effective as an oral vaccine in mice[J]. Theoretical and
Applied Genetics, 2023, 136(10): 214.

IMANI J, LORENZ H, KOGEL K H, et al. Transgenic carrots:
potential source of edible vaccines[J]. Journal Fiir
Verbraucherschutz und Lebensmittelsicherheit, 2007, 2(Suppl
1): 105.

KIPA, RETE, RYUE, & EWEM RN ST TEAR
bR ). A AR R, 2016, 36(1): 86-94.
ZHANG D F, YU Z Q, WU S W, et al. Progress of plant as
bioreactor in molecular pharming[J]. China Biotechnology,
2016, 36(1): 86-94.

ATRE, B, PR, & 2T RAT B R 205 BIE M 55 1L BRI
Rk RZGH AL AL A B F R, 2023, 31(12): 2654-
2664.

YU Y, CHENG H, CHEN S M, et al. Optimization of transient
expression system in Chrysanthemum morifolium based on
Agrobacterium vacuum Journal of
Agricultural Biotechnology, 2023, 31(12): 2654-2664.

BEREFS, LA, BRME, &5 . R AT B SRS i S 3 i 7 -k
IRk RG] T EAL TR, 2023, 27(34): 5462-5468.
LANG Y L, WANG Q, CHEN B, et al. Establishment of

infiltration method[J].

transient expression system of eggplant Cotyledon by

Agrobacterium-mediated injection[J]. Chinese Journal of

Tissue Engineering Research, 2023, 27(34): 5462-5468.

PR, WAL, FIEL, 55 MHETEHHN RE B RIS R GAE LR
AL R3], S T E R, 2019, 17(21): 7078-
7086.

HUANG S, FAN J Y, WEI Z Y, et al. Application of tobacco

mosaic  virus-based  transient expression  system in

pharmaceutical protein  production[J]. Molecular Plant

Breeding, 2019, 17(21): 7078-7086.
SHAHID N, DANIELL H. Plant-based oral vaccines against



868

BENZF

%65

(87]

[88]

(89]

[90]

[91]

[92]

(93]

[94]

[95]

[96]

zoonotic and non-zoonotic diseases[J]. Plant Biotechnology
Journal, 2016, 14(11): 2079-2099.

RS, AR, AN, S5 R b Ak I T B R T Tk
JE[T]. élz%Itx_ﬂEi, 2023, 39(4): 1548-1561.

CAIY T, RU Y, SUN K, et al. Expression of antigens of foot-
and-mouth disease virus in plants: a review[J]. Chinese Journal
of Biotechnology, 2023, 39(4): 1548-1561.

DANIELL H. Chloroplasts engineered to express pharmaceutical
proteins in edible plants: US 20090022705[P]. 2009-01-22.
SETHI L, KUMARI K, DEY N. Engineering of plants for
efficient production of therapeutics[J]. Molecular Biotechnology,
2021, 63(12): 1125-1137.

MALLT, BT, MR, &5 s SS M SR R I R
W R[], AW TRE A4, 2018, 34(5): 631-643.

LIN Y H, CHENG X Y, YANG D F, et al. Advances in
chloroplast expression of recombinant proteins in higher plants
[J]. Chinese Journal of Biotechnology, 2018, 34(5): 631-643.
T8, i o, W G AL T B DRI W R P B T R JRR [0, AR
5441, 2020, 34(12): 2708-2724.

HAO Y P, LU L, YANG Z H. Progress on transgenic plants
vaccines[J]. Journal of Nuclear Agricultural Sciences, 2020, 34
(12): 2708-2724.

NOCHI T, TAKAGI H, YUKI Y, et al. Rice-based mucosal
vaccine as a global strategy for cold-chain- and needle-free
vaccination[J].
Sciences of the United States of America, 2007, 104(26):
10986-10991.

YUKI Y, MEJIMA M, KUROKAWA 8§, et al. Induction of

Proceedings of the National Academy of

toxin-specific neutralizing immunity by molecularly uniform
rice-based oral cholera toxin B subunit vaccine without plant-
associated sugar modification[J]. Plant Biotechnology Journal,
2013, 11(7): 799-808.

SUZUKI K, KAMINUMA O, YANG L J, et al. Prevention of
allergic asthma by vaccination with transgenic rice seed
expressing mite

allergen: induction of allergen-specific

oral tolerance without bystander Plant
Biotechnology Journal, 2011, 9(9): 982-990.

BEM, TR, RIS, 55 AR B AL AR A 3 1 1B I 3Rk
T LRIR[T]. T2 l5I|*F/E 2022, 13(5): 110-117.

XIAN B, XU X M, WU Q H, et al. A review of the methods of

suppression[J].

transient expression mediated by Agrobacterium and particle
bombardment[J]. Pharmacy and Clinics of Chinese Materia
Medica, 2022, 13(5): 110-117.

R, PR, B, A5 AL AL G D AR i AL I i Rk e
D] AT K 2574, 2004, 26(4): 35-38.

TANG L, XU Y, ZHAO T T, et al. Transient expression of gus

gene via particle bombardment in Crocus sativus L[J]. Journal

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

of Beijing Forestry University, 2004, 26(4): 35-38.
TREEDL . B EAER B AR R . AT SR AL AL FE[D]. Tk
FH: PR AR, 2020.

ZHANG X Y. In vitro germination, storage, and genetic

transformation of  Hemerocallis  pollen[D].  Shenyang:
Shenyang Agricultural University, 2020.
B, T KR L ARRT TR A 3 IR KR DR R AR R B A R B

[0]. LR RL 2, 2019, 47(4): 39-42.

GAO L, XUE Y L. Agrobacterium-mediated rapid and efficient
gene transformation system in rice[J].
Sciences, 2019, 47(4): 39-42.

M2, Sk &, MM W E AL S SR BORBE AL )], 2810 2
[5E 24, 2009, 31(6): 94-98.

XIAO J, ZHANG Y X, LIU B F. Study on tissue culture

Jiangsu Agricultural

technique of Nicotiana Journal of Taishan
University, 2009, 31(6): 94-98.

G, B, WS, & . DU e RO W5 I Rk 1) S
FIHFET AR R H’JW@[J]. P JTEERER A4, 2012, 32
(6): 772-7717.

MO Q Z, MAI R J, YANG Z X, et al. A hydroponic cultivation

tabacum(J].

system for rapid high-yield transient protein expressioin in
Nicotiana plants under laboratory conditions[J]. Journal of
Southern Medical University, 2012, 32(6): 772-777.

XIWERN, WX, 2% A, 55 . OGRS A K H ™ &
AT R B S R (7], AR O RBHEL, 2022(5): 14-
17,27.

LIU X L, XIANG H, YANG X Y, et al. Research progress on
the influence of light intensity on tobacco growth, yield and
quality[J]. Modern Agricultural Science and Technology, 2022
(5): 14-17, 27.

YANG M, SUN H Y, LAI H F, et al. Plant-produced Zika virus
envelope protein elicits neutralizing immune responses that
correlate with protective immunity against Zika virus in mice
[J]. Plant Biotechnology Journal, 2018, 16(2): 572-580.
PYRSKI M, RUGOWSKA A, WIERZBINSKI K R, et al.
HBcAg produced in transgenic tobacco triggers Thl and Th2
response when intramuscularly delivered[J]. Vaccine, 2017, 35
(42): 5714-5721.

MENZEL S, HOLLAND T, BOES A, et al. Downstream
processing of a plant-derived malaria transmission-blocking
vaccine candidate[J].
2018, 152: 122-130.
0 AL RNA SRHU A 5 K 5[], AR I8
1999, 15(1): 36-39.

LI H. The difficulties in the isolation of RNA from plant

Protein Expression and Purification,

tissues and their resolving

Bulletin, 1999, 15(1): 36-39.

strategies[J]. Biotechnology



%£6%  www.synbioj.com

869

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

LEE D, COAKER G. Purification and detection of
ubiquitinated plant proteins using tandem ubiquitin binding
entities[J]. Methods 2023, 2581:
245-254.

MATSUSHIMA A, MATSUO K. Removal

in Molecular Biology,

of plant
endogenous proteins from tobacco leaf extract by freeze - thaw
treatment for purification of recombinant proteins[J]. Plant
Science, 2024, 339: 111953.

R, SRR GG, TR, S ACORT T TR MR e AR Yk B AN [ o
e 3 L R B A IR B AR IR I B SIS PR R s e D],
YRl 2R, 2021, 39(3): 297-305.

LIY, ZHANG Y J, WANG X, et al. Effects of Agrobacterium
tumefaciens strain and its infection time and concentration on
transient expression of foreign genes based on expression
vector of bean yellow dwarf virus[J]. Plant Science Journal,
2021, 39(3): 297-305.
ROSENTHAL S H. Improving expression vectors for
recombinant protein production in plants [D]. Tempe: Arizona
State University, 2012.

WA SCHE, 5 R, 4RI, 4. IR SR ALK BjuA03. TTG2 2 [F i
)T v B AR BRI ] (EIRT A, 2023, 37(1): 55-61.
YU W C, YUAN Y H, LI X, et al. Clonging of BjuA03.TTG2
gene promoter from Brassica juncea and construction of its
plant expression vectors[J]. Crop Research, 2023, 37(1): 55-61.
TAKITA E, YOSHIDA K, HANANO S, et al. Development of
the binary vector pTACAtgl for stable gene expression in
plant: reduction of gene silencing in transgenic plants carrying
the target gene with long flanking sequences[J]. Plant
Biotechnology, 2021, 38(4): 391-400.

FRAE, kST, AR, 5. CaMV 35S B8R 1T R OK SRR %
IR RIHLEIEFE (0], O AR VAR 4, 2023, 31(5): 914-926.
GUO J J, ZHANG D, ZHANG W, et al. Study on the
mechanism of CaMV 35S enhancer regulating gene expression
in maize (Zea mays)[J]. Journal of Agricultural Biotechnology,
2023, 31(5): 914-926.

BN, RS, B BOHUR B) THEHI FT RSS9
B ST e R IARAL[T]. ARolkEL, 2011, 47(11): 37-43.
JIA X M, ZHANG H L, FAN J E. System optimization of
precociously flowering of poplar induced by FT gene
controlled by a heat shock promoter[J]. Scientia Silvae Sinicae,
2011, 47(11): 37-43.

AR K, IRAE, R, &5 — MK A IR AL B R IL R B T
PNFYA2., il % 75 S B Fil: CN118345074A[P]. 2024-07-16.
XIONG Y F, XU Y, CHENG Y, et al. Rice seed endosperm
dominant expression promoter pNFYA2, preparation method

and application: CN118345074A[P]. 2024-07-16.
BRARIE, SRR, 2R, A5 . — KRS IR AR R E R B

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

pEnd2 F H: % Ff: CN114854749A[P]. 2022-08-05.

WEI X J, HU P S, LI G, et al. Rice endosperm specific
expression pEnd2 and
CN114854749A[P]. 2022-08-05.
KAV, ok, HIDH, & £AKMEAR R KL H )T PMAP
JAEN T M 7% LR - CN105316338A[P]. 2016-
02-10.

SONG R T, ZHANG W, TIAN Z R, et al. Corn endosperm

promoter application  thereof:

specific expression promoter PMAP promoter and cloning
method and application thereof: CN105316338A[P]. 2016-
02-10.

Iz, KA, FEAY, & BT EMEHE A BT
FOHERR[T]. AL LA A4, 2022, 38(8): 2784-2797.

WU Z Y, ZHANG Q, GUO Y G, et al. Improving the
production of plant-based recombinant protein: a review[J].
Chinese Journal of Biotechnology, 2022, 38(8): 2784-2797.
ROSENTHAL S H, DIAMOS A G, MASON H S. An
intronless form of the tobacco extensin gene terminator
strongly enhances transient gene expression in plant leaves[J].
Plant Molecular Biology, 2018, 96(4): 429-443.

HAGER K J, PEREZ MARC G, GOBEIL P, et al. Efficacy and
safety of a recombinant plant-based adjuvanted COVID-19
vaccine[J]. New England Journal of Medicine, 2022, 386(22):
2084-2096.

OH S W, SHAO J F, MITRA J, et al. Enhancer release and
retargeting activates disease-susceptibility genes[J]. Nature,
2021, 595(7869): 735-740.

MA F S, XU Q R, WANG A P, et al. A universal design of
restructured dimer antigens: development of a superior vaccine
against the paramyxovirus in transgenic rice[J]. Proceedings of
the National Academy of Science of the United States of
America, 2024, 121(4): €2305745121.

R, Rl A R A R R R B AL IR P T : CN 1367020
[P]. 2002-09-04.

ZHAO L S, QIN S. A new type of nucleic acid vaccine for
efficient and safe expression: CN1367020[P]. 2002-09-04

Wl 28 3C, £, 45 . R AL 0t 2 AR B I 9 1 R
SE VAR PPN R U5 S AN L 1 R T A SO (0], TR
frih DA%, 2022, 34(1): 34-38.

YANG L, QIN W, WANG L Y, et al. Evaluation of the
potential allergenicity of Oryza sativa recombinant human
serum albumin by serum screening and simulated
gastrointestinal fluid digestion stability test[J]. Chinese Journal
of Food Hygiene, 2022, 34(1): 34-38.

FAUSTHER-BOVENDO H, KOBINGER G. Plant-made
2021, 373(6556):

vaccines and

740-741.

therapeutics[J]. Science,



870 BRENE %65

[125]  [XGKAE, 25k —FhR] R0k O157: H7 HUJA 1 % 2 5 A 5 [136] 5 ¥ . AH ¥ & (G 30 ) 70 BT 7E 30 e LA (7). AR o o,
RS B 11 IR B - CN117003886A[P]. 2023-11-07. 2020, 45(12): 61-63.

OU Y X, SU Y L. Oral vaccine developed by using transgenic FENG W. Overview of research progress on plant protease
lettuce expressing O157: H7 antigen: CN117003886A[P]. inhibitors[J]. Biology Teaching, 2020, 45(12): 61-63.
2023-11-07. [137] VOLPICELLA M, LEONI C, COSTANZA A, et al. Cystatins,

[126] #iak, i AeRE, BhEEIG, 25 . — MO 5 2 B E A MY 3. serpins and other families of protease inhibitors in plants[J].
18 1 IR 28 5 640 1) 4% 925 B2 Fi - CN106520817A[P]. 2017- Current Protein & Peptide Science, 2011, 12(5): 386-398.
03-22. [138] PATSTON P A, GETTINS P G. Significance of secondary
LAI Q, NI N N, ZHONG Z M, et al. Preparation method and structure predictions on the reactive center loop region of
applications of porcine circovirus type [l recombinant serpins: a model for the folding of serpins into a metastable
Lactobacillus plantarum oral vaccine: CN106520817A[P]. state[J]. FEBS Letters, 1996, 383(1-2): 87-92.

2017-03-22. [139] AHN J W, ATWELL B J, ROBERTS T H. Serpin genes

[127] NEWBY M L, ALLEN J D, CRISPIN M. Influence of AtSRP2 and AtSRP3 are required for normal growth
glycosylation on the immunogenicity and antigenicity of viral sensitivity to a DNA alkylating agent in Arabidopsis[J]. BMC
immunogens[J]. Biotechnology Advances, 2024, 70: 108283. Plant Biology, 2009, 9: 52.

[128] STRASSER R. Plant glycoengineering for designing next- [140] SALES P M, SOUZA P M, SIMEONI L A, et al. a-Amylase
generation vaccines and therapeutic proteins[J]. Biotechnology inhibitors: a review of raw material and isolated compounds
Advances, 2023, 67: 108197. from plant source[J]. Journal of Pharmacy & Pharmaceutical

[129] OLSZEWSKI N E, WEST C M, SASSI S O, et al. O-GlcNAc Sciences, 2012, 15(1): 141-183.
protein modification in plants: evolution and function[J]. [141] HATAKEYAMA T, HIRAOKA M, FUNATSU G. Amino acid
Biochimica et Biophysica Acta, 2010, 1800(2): 49-56. sequences of the two smallest trypsin inhibitors from sponge

[130] WU J, ZHU W T, SHAN X T, et al. Glycoside-specific gourd seeds[J]. Agricultural and Biological Chemistry, 1991, 55
metabolomics combined with precursor isotopic labeling for (10): 2641-2642.
characterizing plant glycosyltransferases[J]. Molecular Plant, [142] RAWLINGS N D, BARRETT A J, THOMAS P D, et al. The
2022, 15(10): 1517-1532. MEROPS database of proteolytic enzymes, their substrates and

[131] DICKEY LYNN F, COX KEVIN M, PEELE CHARLES G, inhibitors in 2017 and a comparison with peptidases in the
et al. Compositions and methods for humanization and PANTHER database[J]. Nucleic Acids Research, 2018, 46
optimization of N-glycans in plants: WO2007084926[P]. 2007- (D1): D624-D632.

01-17. [143] DIEZ-DIAZ M, CONEJERO V, RODRIGO 1, et al. Isolation

[132] HANANIA U, ARIEL T, TEKOAH Y, et al. Establishment of a and characterization of wound-inducible carboxypeptidase
tobacco BY2 cell line devoid of plant-specific xylose and fucose inhibitor from tomato leaves[J]. Phytochemistry, 2004, 65(13):
as a platform for the production of biotherapeutic proteins[J]. 1919-1924.

Plant Biotechnology Journal, 2017, 15(9): 1120-1129. [144] KOMARNYTSKY S, BORISJUK N, YAKOBY N, et al.

[133] FHE, BX/NBH, £ OCHE, & . MM A 5 05 B A P 5 1t Cosecretion of protease inhibitor stabilizes antibodies
[I. A FLE, 2011, 23(6): 598-604. produced by plant roots[J]. Plant Physiology, 2006, 141(4):
YIN H, ZHAO X M, WANG W X, et al. Plant glycobiology 1185-1193.
and carbohydrate-based plant disease vaccines[J]. Chinese [145] PILLAY P, KIBIDO T, DU PLESSIS M, et al. Use of
Bulletin of Life Sciences, 2011, 23(6): 598-604. transgenic  oryzacystatin- | -expressing  plants  enhances

[134] KIM T G, LEE H J, JANG Y S, et al. Co-expression of recombinant protein production[J]. Applied Biochemistry and
proteinase inhibitor enhances recombinant human granulocyte- Biotechnology, 2012, 168(6): 1608-1620.
macrophage colony stimulating factor production in transgenic [146] GOULET C, BENCHABANE M, ANGUENOT R, et al. A
rice cell suspension culture[J]. Protein Expression and companion protease inhibitor for the protection of cytosol-
Purification, 2008, 61(2): 117-121. targeted recombinant proteins in plants[J]. Plant Biotechnology

[135] GROSSE-HOLZ F, MADEIRA L, ZAHID M A, et al. Three Journal, 2010, 8(2): 142-154.

unrelated protease inhibitors enhance accumulation of

pharmaceutical recombinant proteins in Nicotiana benthamiana

[J]. Plant Biotechnology Journal, 2018, 16(10): 1797-1810.

[147]

JUTRAS P V, MARUSIC C, LONOCE C, et al. An accessory
protease inhibitor to increase the yield and quality of a tumour-

targeting mAb in Nicotiana benthamiana leaves[J]. PLoS One,



%£6%  www.synbioj.com

871

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

2016, 11(11): e0167086.
KIM N H, HWANG B K. Pepper pathogenesis-related protein
4c is a plasma membrane-localized cysteine protease inhibitor
that is required for plant cell death and defense signaling[J].
The Plant Journal, 2015, 81(1): 81-94.

GROSSE-HOLZ F, KELLY S, BLASKOWSKI S, et al. The
transcriptome, extracellular proteome and active secretome of
agroinfiltrated Nicotiana benthamiana uncover a large, diverse
protease repertoire[J]. Plant Biotechnology Journal, 2018, 16
(5): 1068-1084.

ARKADASH V, YOSEF G, SHIRIAN J, et al. Development of
high affinity and high

specificity inhibitors of matrix

metalloproteinase 14 through computational design and
directed evolution[J]. The Journal of Biological Chemistry,
2017, 292(8): 3481-3495.

WINGFIELD P T, SAX J K, STAHL S J, et al. Biophysical
and functional characterization of full-length, recombinant
human tissue inhibitor of metalloproteinases-2 (TIMP-2)
produced in Escherichia coli. Comparison of wild type and
amino-terminal alanine appended variant with implications for
the mechanism of TIMP functions[J]. The Journal of
Biological Chemistry, 1999, 274(30): 21362-21368.

HONG Q N, LIU J, WEIL Y Q, et al. Application of baculovirus
expression vector system (BEVS) in vaccine development[J].
Vaccines, 2023, 11(7): 1218.

g, SRV, TR, 55 SR A ] K sSRNA 5 RNA I
BRI 73 TMV o 35 3 4 R 8 R Ge 0k H K BB ], Rolk 2R
P AR AR, 2016, 24(1): 1-9

MA T, ZHANG X Q, DING X Z, et al. Comparison of effects
of pol Il -derived short RNA and RNA silencing suppressor on
TMV-based system[J].
Agricultural Biotechnology, 2016, 24(1): 1-9.

SCHOLTHOF H B. The tombusvirus-encoded P19: from

expression  vector Journal  of

irrelevance to elegance[J]. Nature Reviews Microbiology,
2006, 4(5): 405-411.

MA J X, DING X Z, LI Z Y, et al. Co-expression with
replicating vector overcoming competitive effects derived by a
companion protease inhibitor in plants[J]. Frontiers in Plant
Science, 2021, 12: 699442.

YRR . 2 2SR A PO EE I RNA UUER (K 205 HL | B
FE[D]. b5t s E A KA, 2015,

LI'Y Y. Molecular mechanisms underlying suppression of RNA
silencing by Brassica yellows virus PO protein[D]. Beijing:
China Agricultural University, 2015.

MRig, sk &8, W50, 48 DR BEAEM R # PLE A AA
RINA Y BR3P AL 08 99 3 4R e /N 22 [/ b [ A 0 9 2
w2023 FEEAREZWICEE. 2023: 399.

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

CHEN D, ZHANG H Y, HU S M, et al. The P1 protein of
wheat yellow mosaic virus exerts RNA silencing suppression
activity to facilitate virus infection in wheat[C]//Proceedings of
the 2023 Annual Conference of the Chinese Society of Plant
Pathology. 2023: 399.

AR, R, B0, 45 A RIB SR A U e e
). AEEAREI, 2023, 39(11): 110-122.

JIANG M X, LI K, LUO L, et al. Advances on the expressions
of foreign proteins in plants[J]. Biotechnology Bulletin, 2023,
39(11): 110-122.

CHEN G F, WEITY, JU F R, et al. Protein quality control and
aggregation in the endoplasmic reticulum: from basic to
bedside[J]. Frontiers in Cell and Developmental Biology, 2023,
11: 1156152.

XU F F, WANG L K. Deciphering ER stress-unfolded protein
response relationship by visualizing unfolded proteins in the
ER[J]. Cell Reports, 2024, 43(6): 114358.

WANG L, WANG C C. Oxidative protein folding fidelity and
redoxtasis in the endoplasmic Trends in
Biochemical Sciences, 2023, 48(1): 40-52.

REF I, R R, kB M. — FhRE Y B O Al H BT R A B
CN216879518U[P]. 2022-07-05.

KANG J Y, ZHAI S, ZHANG Z L. Grinding device for
purifying vegetable protein: CN216879518U[P]. 2022-07-05.
FERRAK, T, EREE, A — R 2l A A R 1 2k
H: CN217258606U[P]. 2022-08-23.

TANG J Q, DING H, WANG HY, et al. Solid-liquid separation
device for purifying vegetable protein: CN217258606U[P].
2022-08-23.

DIAMOS A G, HUNTER J G L, PARDHE M D, et al. High

reticulum([J].

level production of monoclonal antibodies using an optimized
plant expression system[J]. Frontiers in Bioengineering and
Biotechnology, 2020, 17(7): 472.

SHANMUGARAJ B M, RAMALINGAM S. Plant expression
platform for the production of recombinant pharmaceutical
proteins[J]. Austin Journal of Biotechnology& Bioengineering,
2014: 1(6): 4.

STANDER J, MBEWANA S, MEYERS A E. Plant-derived
human vaccines: recent developments[J]. BioDrugs, 2022, 36
(5): 573-589.

CHEN Q, HE J Y, PHOOLCHAROEN W, et al. Geminiviral
vectors based on bean yellow dwarf virus for production of
vaccine antigens and monoclonal antibodies in plants[J].
Human Vaccines, 2011, 7(3): 331-338.

PEYRET H, LOMONOSSOFF G P. When plant virology met
Agrobacterium: the rise of the deconstructed clones[J]. Plant

Biotechnology Journal, 2015, 13(8): 1121-1135.



872

BENZF

%65

[169]

[170]

[171]

[172]

[173]

[174]

KLIMYUK V, POGUE G, HERZ S, et al. Production of
recombinant antigens and antibodies in Nicotiana benthamiana
using ‘magnifection’ technology: GMP-compliant facilities
for small- and large-scale manufacturing[J]. Current Topics in
Microbiology and Immunology, 2014, 375: 127-154.
POMATTO M A C, GAI C, NEGRO F, et al. Oral delivery of
mRNA vaccine by plant-derived extracellular vesicle carriers
[J]. Cells, 2023, 12(14): 1826.

RAMIEE L, LEMAY W, VURGUN N, et al. Projected impact
of a plant-derived vaccine on the burden of seasonal influenza
in Canada[J]. Human Vaccines & Immunotherapeutics, 2021,
17(10): 3643-3651.

UEDA H, OGAWA H. 1#)# 7 > <7 Hx v b — 7 OFE#H
A YIRS = © b — T oG, BEEMEE T LS
> % [J]. Trends in Glycoscience and Glycotechnology, 1999,
11(62): 413-428.

UEDA H, OGAWA H. Glycobiology of the plant glycoprotein
epitope: structure, immunogenicity and allergenicity of plant
glycotopes[J]. Trends in Glycoscience and Glycotechnology,
1999, 11(62): 413-428.

SINGH S, SINGH P K, SACHAN K, et al. Recent progress
and challenges in the development of edible vaccines produced
by genetically modified plants[J]. Current Protein & Peptide
Science, 2023, 24(9): 711-720.

KIM M Y, VERGARA E, TRAN A, et al. Marked

[175]

enhancement of the immunogenicity of plant-expressed IgG-Fc
fusion proteins by inclusion of cholera toxin non-toxic B
subunit within the single polypeptide[J]. Plant Biotechnology
Journal, 2024, 22(5): 1402-1416.

BHAR A. Is it possible to ensure COVID19 vaccine supply by
using plants?[J]. The Nucleus, 2021, 64(2): 137-141.

BIRAEE : WAL (1981—), 55, Al
P, i AR R . BE TS ) A2 A R
T3 T AR AT, B B ) B A AL
BV E 21 R G SR &% T R &
B AR 5 R SR AR BOR A R 3
e TR S & A =T BOT R QU E 8
W7 i TR - AR A R
SREIE 0 TP R A B AL A A
12 S R T Bt 5 7K A 7 < J il F VB
e e ig 5 iR HLEE .

E-mail: 497609872@qq.com

E—1EHE: KO (2001—), &, il
LR . TS A KRR A S R
AR
E-mail: 2171613731(@qq.com




