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Effects of air temperature on the factors related to synthesis and degradation of a
vaccine antigen protein transiently expressing in Nicotiana benthamiana leaves

oPatthasarun Pruksarojanakul and Ryo Matsuda (The University of Tokyo)

1. Introduction

Plants have attracted more attention as a new platform for producing recombinant proteins such as
biopharmaceuticals (vaccine antigens etc.). Plant-based systems can offer advantages over conventional
cell culture-based systems, including low production costs and high production scalability. Transient gene
expression is a biotechnology for rapid and mass production of recombinant proteins in plants. In this
system, non-transgenic Nicotiana benthamiana plants are inoculated with Agrobacterium tumefaciens to
introduce the gene encoding the target protein and genes derived from plant virus for the target gene
replication. The plants are thereafter grown for several days to accumulate the target protein. To prevent
transgene flow to the outside, plants should be grown in a plant factory with artificial lighting (PFAL).

We previously found that air temperature after gene introduction is one of the environmental factors
significantly affecting the target protein content. Particularly, although 25-26°C is within the range of
optimal temperature for growth of non-transgenic N. benthamiana plants, it leads to severe leaf necrosis
in the plants expressing the target protein, and its content rapidly declines (Matsuda et al., 2017).
Understanding the mechanism underlying the change in the target protein content should contribute to
more efficient environmental control in PFAL to achieve the maximal target protein yield. In this work,
we investigated physiological factors related to the synthesis and degradation of hemagglutinin (HA), a

vaccine antigen of influenza virus, at two temperatures after gene introduction.

2. Materials and methods

Thirty-eight-day-old N. benthamiana plants were inoculated with 4. tumefaciens carrying the vector
containing the HA4 gene or the empty vector containing only plant virus-derived genes without H4 as a
reference. The plants were cultivated at 21 or 26°C and sampled at different days post inoculation (dpi).
The HA protein content and the mRNA level of H4 gene as a factor related to HA synthesis were
quantified. The mRNA levels of genes known as physiological stress markers (BiP, bZIP60, PDI) were

also quantified as possible factors related to leaf necrosis and HA degradation at the higher temperature.

3. Results and discussion

In HA-expressing plants, leaf HA content became high at 6—8 and 5 dpi at 21 and 26°C, respectively.
At 26°C, plants showed severe leaf necrosis from 6 dpi while it was negligible at 21°C. These results
were consistent with our previous result (Matsuda et al., 2017). The mRNA level of HA gene reached its
maximum at 3 dpi at both temperatures and the maximal levels were comparable, suggesting that it may
not be the primary determinant for the time course of HA content at the two temperatures. Among stress
marker genes tested, we found that 5Z/P60 mRNA level was drastically enhanced at 3 dpi at 26°C
compared to 21°C. The bZIP60 is known as a transcription factor of the endoplasmic reticulum (ER)
stress. Our result suggests that the leaf necrosis and the associated rapid decline of HA content at the

higher temperature were related to the ER stress.
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LTCW5728, KEMEDOSHOWEBIIEETH L. UVE— b v ZIIREOKERY O
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ODDKENEN I A T 3 TELETNVEERL, TNENOHMEREZITI L THS.
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WX R RICAIET 5, FEKE Am ORVWEREBN TH L. EFITITFEMYM TH D
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OffA A (THR) - LiWei (THEKR) - Zhang Beichen (TIER) - [LIAKE
(TFEXR) - B (TEKX) - IHFHETAMSTEC) - i~ (THEKX)
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e L7,
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FLiES €7 /ViZ H AN 2017 24T H _EiF 72 GCOM-C f# 2 #5# SGLI & > ¥ FPAR/LAI
Tu Ry MEEICE L, B REET L E LTRIHE TS, Z @ FLiES # AW LUT
(Look-Up-Table) ZHt/E% A 7 Z L ICHEEE L=, LUT I3 KR & i o2, LAL, Mk
R REZMABBDELZ L DAL Lz, #E L2 LUT MV, iR T8 L7z KM IE 21T
o Tz K (band3,4) & N T A—X L LTHWSD Z LT LAI OWHEEZIT -7, £z,
EWBET -2 EHND L TEICK > TEELZZ T DR MH IR Lz, BB TIX. BRI
2018/7/21-31 @ 0 I§-6 KE(UTC), *IEBIIL AR 125-150 &, Jbf 25-50 & & L7z,
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SR, fEikIC R L, B L7 LUT 2T, LAl OWHEEETT o7, FEMRIEE L
. Asiaflux MY A b TREI N WA LAIT—% L kL, KHW,. HCH V"1 F 505
— 2 EMA L, £, EWET X EEROFROBELREEL, BRELT, EWET
— XM LT & & OB S BB ICES . BE¥ERZ LN <Y BOWEBEZ R
T ERbrol, UL, BREHIICL DT &0~ L TV AEN KR Sz,
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OFEFEE (THER), WAL (TR, THF (THR)

1. [FCHIC

— WA B (GPP: Gross Primary Production) &1, YA mIZ Lo THEAE DS KEGBRIN LTZ IR FE & THD,
GPP [ IAEAE D A B IRBE L A7 B2 DT80 . GPP OFEMZHEE 1L, 7 — SV IR R B ER D T2,
AR H D BR BRI O HR R ICHL BE TH D,

OFEDY 8 FIL, TVT A&7 =7tz 28 35 B RO XS &2 Th D, AFFETIX, A—Ab

FUT Z R EIRE L | Bl K ARL AD REW R COf R AR GPP #EE &7 /L o5 H ATH r@s:\ OF
DY 85D 10 43 L) ERFE S fFREAE DL CRHili 322 &2 H v LTz,

2. A&

R EBN T — &% H= GPP #EE 121, LUE (Light Use Efficiency) &7 VOGR B ZhRE T MBI VD
LTS, LUE 7 /LTI, AR T 5066 A BT =L —10, =R F =N R B~
TR B IR AR (LUE) 24T 528 T GPP ZHEE T %, ABFFETIL, GPP HEEIZ1E, MODIS (Moderate
Resolution Imaging Spectroradiometer) &7 /L&, EC-LUE (Eddy Covariance Light Use Efficiency) &5 /L% f
L7z, LUE 13— MRICIFKUR DB CRINDIREAR AL DB CRINDKAN REZ[ET 5, K5
TlE OzFlux (2RI TNDA—ARNTYT D 3 B AN G E LTz, 3 AR T, AABEIC L 81
DT T I Aoy BES VT —A0D GPP %V 7z, MODIS-GPP €7 /L& EU-LUE €7 /L DZNZIUTD
T, BT NARTA=ZDI DN OO0 E 25 ELIEIZ LV HEEL . BEFEONTA—=2E W56 L il
&N T A= 25 NG A O EIT -T2,

EC-LUE &7 /Wi, —MANTGE BOA 2 & J6E oA 2 IR | KU, 7222 A ZE#EL T, &
RIEFI %I (LUEmax) | A RO H iR (Topt) . KARL A 0.5 Z2EHEROfEZE (VPDO) % S b
\CERRDET NNTA—ZEL TR, BT NRTA=HE RFFEO BTG T EXATITEIIINT,
F- ANE L ZRBCELIITH U REICTE ST 20 ERH DD | o biEE W TR Ll RT
A=A DI EAT ST K= —2 7 5 (AMATERASS) 128 15, O Eb V8 B DI i HEE 7
— X AEMETHET VORIR LD T — S5l Uz, B S7 — 213 0.5 2N T O G a2 &
ELTER L, [RURERET —420D1%, 77 AOE I fiazE% iAEL -7, F72 MODIS 7'ux 7> b+
g S (MCD12Q1) | G A D I = (MOD15A2H) OF — & 24 L7z,

3. fEREBE

BEA7/ 3T A—2% W= HEE Tt GPP H WA &) 7 — 38T — 2 S —E L TUD A3, /) - il K HE
ENSN TN, 7T A= i 95 MODIS, EC-LUE 2B T — 2O 8RN EE-o72, LinL,
MODIS &7 /L ClE, i bE/ STA—=FIZHBWTH, BT —# BT AHEEDMICKERITLOENRHLIL
“o — /7. EC-LUE &7 /L CIIFFE DI DA IZd > T2, ZOFERD G, MODIS £7 /150 EC-LUE
EBT NP BT AMIE LT T A—ZEFREL T GPP HEEAATIZ LN TEZENZ D,
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AHFFEZLY, LUE BT 0% W B RIC 5155 GPP HEE I, /T A—Z D b a11o28 T, BEFE
TV THLITIE /N B RHEE DR CEDZEN DT, AR ITIEHIR 283 L b i, IR kAR
AWRKREVIEZZF1T5H HNEBNCE B UCERMZ2 8 A rTREMERFm 2 L T <,
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XDOIBLOEERT T v ATH D —kEPER (Gross Primary Productivity; GPP)IZEAL
T, FHIZH) - FRME - RELECEL T, BT — 2253257 —2ky M EHE LT
i 247V, LB O K A T L7,
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ARAFFETIL, 7 m— 31 1900-2015 FEOMIH % %4 & L7z, VISIT €7 LV OEEIZH - |
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HIERIE IR 72 & ORBEEAENT, AABTESICL VP Sz ZifbkFE (CO2) 2RF LT 5
BENRT ZRED EFITEKT 2 ELEZ 6N TWD. FRROKRSK CO2 IR EZ EMICTHIT S
7o DIZiE, NAMICHEH S 7z CO2 D 5 B 30% % W T 5 FElkiz K 5 CO2 N Z e 3%
CENEETHD. BN RN+ ERAHEY %) 1, B3NSR~ CO I TH
0, SHBOKIEEFAIZE>THENT 5 & TFHRINTWD. HHEFE L R THE & il
TR O KARZEN X 2B DIGE 2R 2 —HoOMEL & 2 5. EF, HEFRT — 5’%3{
BRIEZDNDINET 2 Z LI Ko THEMRENHE SN TE . LiL, ZabONFRITEIRIZE
WCRDMEFEOEREEZZFE L CEHT, AMBLVEWSY A AR — /L TOHEN RSN T
WU, F ZCARMRSETIE, B FIEOR — S LTV D LI EEHE & KR T A —% (R
Al 8 14 N, BEBMT —2 72 A2 EHL, BHRTEFEELHOTHARIZEIT S TR

RpEMABS 2 ET 222 AN ET 5.
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ENZBR A ZEETR D A AREWNIZ a3 2 BEBAHTF ¥ o A—AE S AT ARRE ST
WD MR E G L Lc. A MTBWTBRIS NN T A—=Z D55, KFHT T Rk
TIT T RAERBNRTI A =L EER L. 70, BIHEBIAIM RO T A —42 & L ChEmBfet
7 /L 8iBUC (Tanaka, 2004) ([Z XV HEESNTZKAHRNT A—F 2 LTz, 612, HABIH
7 — % & L CK[E Terra/Aqua 2 IZ#H#EH D MODIS o ¥ nbolEik 7o % 7 N Th Dk
ST - MR EIRE - JEmAEfE S 2 L7, MR SO 30 o IR IE bR £ %k & IE8E
AKIEEABEH U THER L. RFEANT A—2 & LT, #E SN2 A& (Ichii et al., 2017)
L HEEARRER (FAO, 2019) MW o. TEEMRHEE 7 AREEICIE, HFE FEo—
DOTHDHTUHE AT HF VA NaREMH L., £9, 8V A FDHIB 7% 4 FOT —X %3l
T—%, BV 1YV A NOT—F % T AT =2 T YA FEHIAZITY, TT LV OMEREZ TR
L7e. RBRIZAETOT—FE2HOWTET VEMHEEL, HARBO LEEMR &2 RS E L.
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EERE D, FRCRE AT A —% (KA - iR - #FRmEE) N TR EHTEICEE THD
Lbhmorz. RIS, ESULMEAEREE REREOREENKRE Koz, —FH T, KT
R L5 0K NT A =5 (FEKE - THKS) T BN EOHEN RAETH - 72,
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DML 6 AT TR Lz 10 BECTHEME L. w1 7 VS Mid, il Feiloiy
KL% 28 AT 1 EfT-72. HEMMESERTOFEE KSR 2 DOMBEKX TELL D
KON HHOK S AR Uiz, B, COp Mt 2 E MR I L7z,
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VLR Y A 7 VEE D COL fHBEE 1T A DL N R E S A L, ol o f i
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EAZNEFERI L T e,
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AT A~ Y AERER IS B W TR BEIE THIE L 7228 B D 47 B
OWiirFes (FMARTE), SegEfk CGUERY), Al (FHRE)

1. [FLC&HIC

BIE, AR oORE EARERICE W TIRFERIEIC X 2B BBRIENTHhh T . BRI
K DWEBRITAFRE EABA AT D LN TERND, 85 & ABCCITHIEZER N R 572
b, REBODEENTNZENOKEL I BREOFIEER 2 50T 5 ETEETHS. K
L& LA EIIR —RAEREEBENIH D, T E TIOKFIHZIR OB %2 W 72 2888 8
DORBEFIENRRE SN TN D, AR TIE, &AL v Y ERRICE W TIMEREEIC L D%
FEHE OB 23 272, SBETFIEAEH LA - EBOGIEER A LN H Ik
FHMETD.

2. Hik

AREIAROFFEE 2 80 (B2 2,640 m) T D A <Y ARERIC TR B Z VT, Z&KJHE
EE CO,RHBEDOWEZIT T2, A~ VIIMER0.35m TH Y, BEFEOHEmMEHKIL4.6 T
HoTo. IAHBNEIC X HBIHNE, 2019 FITEFEDO A, 2020 4F 6 H AR IEA4E CHEiE L7-. M
SOBPNTEETITo7. F£72, 2021 4F 7 A ICHEEREA ZEBIIIELER (L1-6400) Z AW
TEFEDOMIEE HOEE & A B EZHE L

RO BETIETIE, ERR AT —MCE T KT AR 2 78R BRI DR — kA E &
LRIZEDOTFFIROBOTERT 5. BESCHRRNZEL, ZABOFLHENELS D L&D
DOKRFIFBEN R E72D . T KV IKFIHZ RO FZEEOME & FREO A GBI T 5
AEMOTEREHAETH LN TE 5.

3. BREEBR

RREBBEIIATEVELE 2V, BMIFBICER LD, 20k, BRI oK
TFICX 0 A BEITED L, HE, 8 ATAETLEATAEIRALNE. ZD%, AFIm@H
S TRIRIE T & & bICABEITRD L.

ARFEEL DO Sy HERFE CWRIE LTz 3 EM OB F D m ARKFIHL#IE, 8.3~8.8 gC hPa”® / kgh,0
DOHEPATH Y, FITL DB NIRE S oo fe. HER S — BT 2 KFIHZh=IL, 6.6~8.6
gC hPa%® / kgH,0 O#FHTH VY, FE¥EIL 7.6 ¢C hPa%® / kgH0 THo7=. L7=NR->T, &
KAKFIHDRIZAERRR A — L L HEA 7 — L CRIRETH Y, EERA 7 — LV OMEITZY T
HDHEERD. FATHIEDHRFEIER Y A b (12.48 gC hPa®® / kgHy0) CE{EHIY- 1 k (12.97
gC hPa®® / kgH.0) DfE &L T 2 L, NA ~ Y OEKAFIHIRIZ/ NS ho iz

ABOTEIZAF TR N U T THY, BELREICI Y AHDBFIRSA TN EEER
S5, FETLIBIIARREOESIZERL, 5 AD 10 A ETOMIC 80% %25 H HE
Hlans-. ZEEOEENRKE L 2D01E, [URDEWVIEXANEGE TR TH Y, BHES
MEBENTE LB EN NS LS RollodiZ B2 NS, £z, BAKNEZ > ZEZIZERK
DFGMET LT\, ERoW Y LA & A MEOEIS OMOMEREKIE-0.60 Thotz. =
D ENLEEERITEEMICZE THDLEEZD.



WG HIR O 14 - AR L AR RESR O LR AR O R D
OHEBEM (FMAR), HEHET (EMKE), R (EKE),
VEILECE (B ABIZERN, AHILIE T (B3 HArR A BFIERT)

1. [FC®HIC

HARDBAKRAERROZ IXILEEKIZH/M LT, 20 Z@{br#FE (CO2) I DMFIITA
A PRICIBWTEETHD. LnL, FITHERRR E2ELST 54 V1B L Tl
BENSAELTEY, Z0 COREFFEOFEMMB D> TRV, & TR HE,
A =V ARBRTOWEFEOWMMEBBIMN 2 FEhT 2 & & bz, KLH CHE I mtEE T — % %
RAWT, RO AR O CO ZZMBRDFHEDENEH LM TH & L L.

2. Fi&

AR AR R 2 86 (B2 2640 m) FHT D A <V /AR (NKM) (2 CiltHBEZ v T
CO27 7 v/ ADWEEAT>T=. 7T v 7 ZBIE 2018-2019 FIZHFD AT, 2020 4F 6 A
DIBE\C@E T Lz, IRILEF & L CTEliio 2 4k (TKC, & 800 m, 2006-2010 4EiH]7E)
EHNRN)XRIRTTNEBET HHEELEMM (TKY, 1420 m, 1998-2007 FFHllE), & L&
Mfio7 I~YH (FJY, #E 1030m, 2012-2015 FHIE) CTHE ST —% & Hui-

CO2 77 v 7 ADKR—AEER (GPP) LARERMFWRE (Rew) ~DOWEEZITV, THHD
FHRIZAL, BEZB L OMKREICK T 2I0E ZHM Tz, AR OEBREEE T~ 5
2, 7T 97 AT =H N A T — VDRI VR X D IALEE  (Vemax) & W5 L 72,

3. WBREBR

NKM Tl COWIUTEHMITEL D 5 ARAICHAE - CTie. EFRICZ O FHEITR K E 72
D, EEIER CO2 I E 1L 12.71 p mol m2 s1 TH - 7=. CO2 WIUIT EHEIED 0°CIT 72 0 Ff
ENRFLGET S 10 A TaICIEKb o Tz, EFEMEREO GPP 1% 43.70 2*H 59.88mol m2 T,
2019 Tl b mE o T2 FT-EFMHE D Reco X FHIRIRITEKTT L 23.40 705 27.60mol m2 T,
2019 ENIb/NE oz, FERLE LT, EFEOME CO2 WILEIX 2019 03k b &<, 35.03
mol m2 TH o7z,

YA NORRT —Z Z W T 5 & AFERBHEREIZOEVE VR RO RN-720, KR
RAEITEE N L RDHICONTERL ooz, EEO GPP IIEE DKW TKC & FJY T4
T, EREOEW TKY & NKM TiIF% T, ROV 234 L0 b/hEhoTc. HFED Reeo
X FJY, TKC, TKY, NKM DOJETKRE -7, EFEOIEK CO: WILEIX FIY 23 bK<,
ZOfY A FETOEWI/NE o7, NKM IEEFHODH Y I GPP 8 K& <, KIEDOD
Reco lZ/NEDr o7z Fiz, COMINHIMOE S1X TKC & FJY 23 E <, NKM T L V50K
WTKY & CO:WINHMOESNFEL SO N THo7-. fERE LT, A COWINEITIEE D
B\ TKY & NKM T4 <, TKC, FJY, TKY, NKM OJETKRE < 2> T -,
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