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< SUMMARY >

| Z=WE D-02

The purpose of this study is to utilize useful genetic resources for the major crops
to increase plant development and final productivity through the functional analysis of
a novel immunophilin gene involved in the fine—tuning regulation mechanism in Golgi
organelle. In addition, by confirming the function of enhancing the tolerance to
environmental stress mediated by controlling antioxidant enzymes activities under
high salt/oxidative stress conditions, it is possible to utilize a novel genetic resource
which can simultaneously enhance crop productivity and environmental stress
tolerance to improve crop productivity.

Purpose&

Contents OAnalysis  of productivity in CYP21-4 overexpressing crops (rice; grain,
potato; tuber)
OAnalysis  of agricultural traits of CYP21-4 overexpressing crops (Rice,
potato)
OAnalysis of environmental stress tolerance in CYP21-4 overexpressing
crops (rice, potato)
Oldentification of stress tolerance mechanism mediated by CYP21-4
overexpression
OValidation of CYP21-4 utility as useful gene
-Confirmation of increased productivity in CYP21-4 overexpressing
rice/potato transgenic plants compared to that of control.
‘Histological observations showed that the lignin content and thickness of the
stem were significantly increased in the potato transgenic plants, and the
thickness of the leaves also was thickened.
‘CYP21-4 expression affects glycoprotein content in the transgenic plants

Results
‘CYP21-4 overexpression confers enhanced environmental stress tolerance
‘Identification of mechanism that CYP21-4 regulates antioxidant enzyme
activities against oxidative stress to adapt stress conditions.
‘CYP21-4 is involved in the process of potato tuber formation in vitro
culture.
‘Functional analysis of a novel Golgi-resident immunophilin gene, CYP21-4,
and verification of the function in increasing crop productivity.
‘Establishment of fundamental technology through finding novel genes for
increasing productivity
‘Precedence of intellectual property rights by functional analysis of novel

Expected

Contribution sene . . .
‘Discovery of ‘"useful molecular breeding materials" that can simultaneously
enhance crop productivity and environmental stress tolerance
‘Strengthening high—-value agricultural biotechnology

Keywords rice/potato Golgi-resident immunophilin |ncrea§|rllg stress

productivity tolerance
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- CYP21-4 0 wld 527 gAAeA wdgse Hay 24

2. HBE YARBAL $IFA 24
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(100 mM potassium phosphate pH 6.0 (POD), 50 mM potassium phosphate pH 7.5
(APX), 50 mM sodium phosphate pH 7.5 (APX)ol €& ¥ 4=AoA 12,000 xg
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(1) OsCYP21-4 #2d FAAS wo] Aikd B FAES9) o2 1] Y3 A =4
of 2 A5t o 671 F FFA S EAsAT-

2 A5 F g 5 tillere] Aol Aol BHoH 11 F £ 7] tillerd] & F
Xgste] 54 @ A} OsCYP21-4 #¢d F-A OEL OE2, OE3 #helellA tillere]
7 27HEe & 4 Atk @y OE4, OES 2491 729 WT 3} ul5=3% tiller 5
£ UERAH

3) ol %7 tillers] Aol A AN WA YehiA gt tilerr} 25 P4
T8 I A7 EoE e F5T o Atk ook fARE A=
spike o] = A tiller 3} Hld A3E YEAIG (IF 16 A & B).

@ A% FHA71 AgAL 21 W FAA8A 2l 25 Fol7} glgen 45
& FAFA A W vle) ok 2adiAn zol7t e AHE BAG (1Y 16
C & D).

(5) 20179 TRAY AsE ojdATe] w3 FAASA WY FU EIIL AR
Fako] CYP21-4 f7A7} 2% B4z o DA weets AE HAFUT

¥ oft
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a9 16. 20179 ZA A e OsCYP21-4 #dd vl A4kd 4

3

R

6. H/Z2A FAHAEA Y CYP21-4 @¥id =& AF

7b. W7 A FAASA ] CYP21-4 722 mRNA 28 £33 B4

(D AtCYP21-4 7ol mRNA Hd-& &Rstr] fsted, WT AtCYP21-4 #dd 2
AgA (el ZF 3 2 EA]) oA total RNA S FZ3}o] Reverse transcriptase =
o] g3} RT-PCRE 43 3lth

(2 I A3} AtCYP21-47F A== A A7 T-DNAZF S0 33 ZplolA
AtCYP21-4 A7 TAEHT A5S FAstAT o] FANA A actin
(PtActD) +ZAE normalize control & AFE3FATH (29 17).
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Desire OE1 QE?2 OE3

a9 17, 722 ¥EAgA 9] RT-PCR &40l 93+ AtCYP21-4 - #}e] mRNA &2+

AtCYP21-4

Ptactd

oﬁL

(3 OsCYP21-4 +x2+e] mRNA &S Slslr] sk, WTH OsCYP21-4 I3
&A@ 2eDAlA total RNA & FZ3t4] Reverse transcriptase = 0]%0}04
RT-PCRE <3} s}t

(4 1 A3 OsCYP21-47} THEHESF A2 T-DNAZE S0zt #¢d el 5ol A
OsCYP21-4 77 #dd Hi e FAstdoh o] AAAA A actin
(OsAct?) 7 A= normalize control & AF&3FATH (13 18).
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WT  OE1-1 OE1-2 OE2-1 OE2-2 OE3-1 OE3-2 OE4-1 OE4-2 OE4-3 OE4-4

OsACT2

7% 18 B FAHEA 9] RT-PCR 40l &% OsCYP21-4 ##2+2] mRNA £Ab+F

L. CYP21-4 5017 sgtol= &4 Az

(D FAAZAANA CYP21-4 FrAtel 49 2 dde] o3 ol dzoe] #id =i A
sielskz] 98l AtCYP21-4 9} OsCYP21-4 TS JF5AS zhe= ojn|it 99&
g ik ARHE 2ARIAT (2" 19).

(2) Inter—class 7t F58< Zte 9 AR o4t HElo]
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t}. CYP21-4 Eo|7 FEelo|= A4 Ao & Eold HZ

(1) CYP21-4 % 7| feto|=2 Fe Aatdd Ao thet B9 tigarols CypP2l-4o] Az
el RIS Fol I SAssin:

@) FAAG HEA A FA AARE FAQsr] Hel] serum o] FAE o]-g3to] western
A A e v AR mRoA gzl Hls) F3E 25 kDa A7]9) 5ol W=
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7F 1= AT (2" 20).
(3) Serum o] FAE &l BAs= HEe AAH CYP2-4-50]4 A= AHE8th

Frotein
Protein
>RCACEEERd [23€ =z.g)
L0 0s07g8390.2 (238)
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201 LEFEDVWQEI EEVDTCEHF] PESPIGITEV VLELET
Quary 1 MAKIKPQALLNGHEKKEPER IZISTI I VERLVVAW ILRLVTTVRHNCRSRNT ISET &0 .
MRS L O KK RIS STH N4V & L3 TRHN R 4EE (rer y MR IKPCALLNCSHME AR [ 3 12T | VOHLVVAYY II&.\'IT\‘FH.?SWTIE'EF &0

i e
Sojct 1 NERIEKOLL IOTRKAFTR ISVST ITIAL [VILVALE VATIRHHER —LETEN 3 & | :E;:f%'lﬁ“:ﬁ,w
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Sojot 58 DLPRAEHYRSEISTKTIRPSIAV CTANGHIT £ NOAA0DRFISLOSFHEN 116 o S ki T SRR 6 A EC LR M

Sojct 53 [LPRREVCROCOSTHTSRAGTRYIDTAKGS I TIE) WOASAD IR VRLLISRK N 118

Qusry 2 POV AR 505 PEEHTANCHLRERL HIGPHE A GTPWEIOFE. 380 N - )
Bt VIKWHO G 4+ 50 KK & 4 PKFEMAGT O K FL ey, 12 ;f‘f:gmc‘gﬁmwﬁ"ﬁf%@“a‘x”p::"‘afxf B

Sojct 115 FERHIKIEI COTFOAMRAMEN | LKA SR EAEMIATIHA D 177 B ah e bl I SPRERIT I T

Sojer 19 PR IFNFYI COEFIFNERACEN | LKARASOENALSPHEE AN GTTIPHKGF DL 777

DQuary 781 LITTARIFOLADAL VFGRVLEEDVVIE | EEVOTCERF RSP I I TANLK. 233
il |'|-|'¢;-|nm:m;_+'\ 4+ CHOHIE | TR RRI + LK : Ouery 187 LITTAP IPIRNOGL| VR KEEVCE IERVITEGFOMFHAITEM K 233
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19 19. OsCYP21-4¢} AtCYP21-49] opm|iit A Hlw &4 3 kel Jeto|e A

OsCYP21-4 AtCYP21-4
WT OE1 OE2 OQE3 WT Vec OE1 OE2

R1

a9 20. CYP21-4 lete|= Ao A AeAlox e vy A

2t W/ FAASA o CYP21-4 ©hld 3 H=

(1) AtCYP21-4 %3 7124} OsCYP21-4 #2d wo] o ZAHo|A e
CYP21-4 antibodyE ©]€3le] immunoblotS 433} th.

(2) 1 A3} RT-PCR oA} AAst= A= AtCYP21-42} OsCYP21-4 & k2l A
specificgt 25 kDa Z7]¢] MEE AT + AATH

i

& FEN]
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(3) &lol o] &3t total protein®] 2 Ponceau GO F
(4) °o]& F3lA AtCYP21-4 ¢} OsCYP21-4 ©teiz o] 3}ah& o
A7 WT Bty Aol Aol & dojyn

Iees & F M“ﬁiﬂ (14
2D).
ACYP21-4 0sCYP21-4
kpa) WT OE1 OE2 OE3 WT OE1 OFE2 OF3 OF4
35 | [i
357 S s W CYP2-4 S B B | VB CYP21-4

257

Ponceau 5 Ponceau S

28 21 Ay A AZA el CYP21-4 @aia 9 western E4

4 Bol4

/3:]'

e

.L?l.'.

7. CYP21-4 @ A9 23

jud

7} AtCYP21-4 33+@ ZhAh petiolee] 2A A wld] A B4

(D AtCYP21-4 #&d FAHZA o A wFAAol A 2 EA ] AR ol 7] 4
A FAVE FANAE 2SS FHEAT

(2 =z HuEde S8l Zé%"%%ﬂl/ﬂ 1097 Qo] petioless ¥4 A=
cross-section &t 1 FAE Hlwgr A¥, I9 22049 Zo] iy FAAIA =

t 7ol Hls| petioles®] z]%o] a7 F7HE%eS gUstgh

3cm

Desire OE1 QE2 OE3

a9 22, 22 FEHSA 9 petiole cross-section
Ll AtCYP21-4 @ 7z £719 2287 i) 44 24

(D AtCYP21-4 #d FAHSA= dixzTFol vlsl £719 F717F ¢ 54 33 &

UERA T
(2) AtCYP21-4 ##d FHAGA L A ADolA E719 FAV ol T/ dd&
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NtE s #AdteE AoE dHA ok

4) £71= oldlolA 4 A internode F9E Zek AFE3SIH 2™ 1% phloroglucinolS AF-&
st 2lade FMeAT

G Fad 49 AKE BH xylem F9]olA sHAl Aol Ha AEA HS wt
A 2zF Aol dojus B9 x dMo] He AL g & F Utk

6) WT 3 AtCYP21-4 #&dd JFAASA S 7P & Aolx 22k A4S Yehde 599
Aol O E As &

(N WTe A5 =71 9
Me B s

(28 23).
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a9 23, AtCYP21-4 #2+d 7+A 7)o 8l €4 (Phloroglucinol)

ARFeA7] S8 = TE Py daAek Maeg o] §3to]
Fo 7 Ssh gel tlzTol ulal FAABANA o] 7}
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a9y 24. AtCYP21-4 #Id A £719 glad g4 (Maule)

oh. AtCYP21-4 #hdrdd Ak Slo] =254 nig) 448 &4

1) FAATA ] 9 ZANAE Nz FHPo) Uehh=AS Iletud A0 Holane &
[e)
) o

A3t 9)x]9] AL Ao Z vertical sectionS AASFFT (28 25).

I3 25 A dRA3A o] < vertical section

(2 QS vertical section® 2 Mgty ## P 1 A7 4 22 U HEE T
S 7 Qe (298 26

4 WHEE2 HolA FUAT o] FA ot e Ae #

)

A).
3 WT9 9 FAE ¢k 225 ym o]y FIdE <l
A7}
(4) o]

=
=
[e] [e]
T

S T2 242-248 pym 2 °F 10% A9

T7HeE &<l skt (2F 26B).

SlA AtCYP21-4 FRizte] Wdo] FAHS A=A =452 vl 4EE

o
Este S & AT

Ex
#
Ek ]

WT OE1 OE2Z2 OE3
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19 26. AtCYP21-4 3p+d 7+#F 9] vertical section

pls)
Yo

10] 7] vl
8. FAAE2A CYP21-4 Fidx o Fobud 2y

7} CYP21-4 & A o] Jebwd ekt
SAA A71#-S B9 folding, sorting Z12]3 Gl Fx2 Ao F83%F 9TS sl 3
oU EXA 7B EA)sHE Tl Thekel 7SR ATE olA7A] wl w|FE AEo]

ot

(D & JAFH= A4 gl EA5H= CYP21-4 §2Ae 98 9 2 A4kg SO 7128 AT
staat A o8 7% & WA glycosylation B 7FsAS ERRE] Bkt

(2) Glycosylation ¥4& 98 & ©@d-So|a ConA ZHS AHEste] Eold A4 ohfd 2 e
o ol ke Rk

Q) v/ AAZTA L] GFNF F o e AR} A B AR AT v FAb
g ez £4 3

@ WA 2ol A4 g Reld F YW vud 2 AP F guge B
2§ A% WA BRolA b7l Hle) B gumd o] ZHHYY (19 20)
(6) 7Ake] A5, tzTol vla) Avh Lovle] germzo] 1) Hglon] #e] A9 A mE g

Aol thzTrell Blsl Lowl & Jehido] & HAH.
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a9 27. AASA| ] ConA columns o83k A4 Jokid B 2 g vla iy

(o]

6) ¥ F2, Azl AAES vdoz A dds ezt ¥ 5
geds B A H/aa 2o dize] vg) e 9
(19 28).

(1) ] A5, tizTol vlal] 1.2-1.3u¢] gehido] 2 =H3low we| A

{
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-

[e]
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1o
td
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Aol Al ol Bl FiH o R £ T whilldo] #]

140 - - 150 + -
2 120 - -
%nlm' E 1u{} |
‘%E " B~
gz ¥ §E
(= = o
®® 60 - 55
5 40 - 22 504
# B
20 4 fa
o . - . 0 S S S
WT OF1 OF2 OE3 N S
S L

. v/7E2 F A1 EA 9] glycosylation sHE 4

(D =72 AR EA FEYH A17] ConA-5o]4 glycosylation THH £4

@ Glycosyaltion & ER 271@olA AZso] ZAAL o]FH modification o] HF A&
A ketAl

@ ZA|A|-Eo]A glycosylation®] maturationell 2J3l xylose, fucose 52 Bo| 2gH Hzsl T3}
4L FAE 4 e FAE 53 western B4 02 CYP21-4 ©hijdo] 1 Wy &2

A2 EA 9] glycosyaltion =S gelslarzl dict,

@ WA FAHSA 9 o A oA FElE dERAS tFoE XA B A gARI
high mannose glycosylation A =E ConA A E o]g3sle] &2l

@ A o] 7% ConA A HREgoA FAHSA o =7 /‘Pol«l *7 zole AA e
WA Fgkont glycosyaltion i Aol Fio] #AEJTE * BAIE 91X diEe F
ARASA SolAdde e Utk (L9 29).

® Western 41> 3 33] o] RHESte] 23]9] A AFE AL Qlom o] 7%
HAAG A ANA 22 Bkl oA 30 kDa)o] thxToll wlsh ZshAl wkgskal dgo] &
5] 9T},

©® ¥ A9 Aol ConA x| B-gol A FAMSA S} =T Alo]o] F2 ole A Y
ERbA] eagtont —?ﬁ glycosyaonn W=7} 72skA wkestdnt (1 30).

@ Western 42> % 33] o RhESte] 23]9) thx 2] AHE AAStaL Jlow Axete &

R1NNGey I w
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@A 30 kDa) 3jE o=

WT OE1 OEZ2 OE3

2 sk et ekt

WT ©OE1 OE2 OE3

FI!H
[ B -4

Con A

729 A 3AXTA 9

Z219] ConA western

WT OE1 DE.'E OE3 OE4 WT OE1 OE2 OE3 OE4
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}_'E'.-‘,_'.-'

ConA

I3 30. ¥ gAASA o =29 ConA western
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(2) WA AR EA IS Al7] HRP-Eo]4 glycosylation FE #4
@O =/ FARSA ] o 2A A EEE dOHA S o s SAA I3t npAet &
14 It
WA FAAA e} 2T Ato]o] A Aol FRIE T

ARl fucose, xylose-5-©
@ 27 Qo) A%, HRPZA A
CYP21-4 gAAZ 7= 9

glycosylatlon SE HRP A& o]gste] 2

ole ﬂh?*’ﬂ Hlel B ko] HRP So]2 & whido] ZAjsial 9l
o glycosylation THE Z3F AJo|gt Fio] EAJstHt ¥ FAE HXo] dHAe FAHG
A Eold & YEpa gtk (¥ 3D.
@ Western #412 F 33] o)) REE3te] 23]9] tfjE4<l

) A AT Yon tiREe] 49

70
staL Qo] BEHUAT

A MEdlM FAHEA T} 7ol Hls) s

T J
T
olo

Wi OE1 OE2 OE3 WT OE1 OEZ2 OE3

- : #'i *
!|' |

2l %2l9] HRP western

@ W 9] APOIE HRP 3A Aol A0S
Atk CYP21-4 FAAS ¥ o =

z
0]}

MMO‘/]' EHZ?'OH H]OH EO]
Western 412 & 33] o)A

U BT

Ao}t Ate]o] A Apol7t FRle
Toll ¥l W2 ke HRP 5ol2 © @zoe] st
glycosyaltion M=+ H&E A &3t (I 32).

HkEske] 28]9] A}l AHE AASkL Utk
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WT OE10E20E3 OE4 WT OE1 OE2 OE3 OE4

S

HRP
79 32 1 YA 9 229] HRP western

(3) WA FAASAEA YA BE 2204 2] ConA-E©]F glycosylation & -]

O W72 FARSA o A BE 220 B T8 A HAxFNA EelE daiEs
oz FAA etz A @Al high mannose glycosylation A%=E ConA &A1& ©]&
ato] g1t
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719 33 AAEAASA A =2 9] conA western
ol U

[
-

1)
B ¢4

Aguk-Lo A FAASA 9} =T Aro]d)

@ A 7] 7§ ConA A A
EFfQl ot Eo]A glycosyaltion THEl-S VFERFA] ekskeh (19 33).
© Western 412 % 32 o4 whasio] 259] A AskE AN glow) tie] A
Z=AE= 40 kDa T7]9] Beheido] A3 22

FAASA N A A7 patatin®
ANA ZstA wh-&-StTh

@ wHA, ¥ FA] A9 ConA A HREoA AL thz Atolo] A zto]7t ¢l

Aom A3t glycosyaltion HE = YERA] &ttt (18 34).

s 23] WhESte] tixAQl AAE AAlstaL ok

S =
L

Western 4

R A A A 4

- — &

—— - e S —

Frrer

Con A

% 34 W FEARA FA 221 ConA western

(4) B3R ARG EA YA B 22042 HRP-59]7] glycosylation Z& £
3| o] Ak

REIEL

o]t FRlstHch
@ A H739 4% HRP A Hguk-3-olA 323
ool o A= tE glycosylation S HoFATh (218 35)

21 W FAsk A AR YR ez

@O B/ A3
oz ZAA databie] vpxlet ©AIQl fucose, xylose glycosylation =S HRP &

[e]

=

=
=

A% h=T Aolo] FH AolE Mol




WT OE10E2 OE3

a3 35, 742 gJAASA 37 22129 HRP western

27 Aolo] o Ffol§ 1
o7 ghgtort 54 Wst tETolA ZaAT AT BE eelolit okl ekt
W, W2 54 Wss gl ws) BE gelold 4ab Wkl glycosylation sheo]
e e BT (19 3)
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B

m,

Vo o
-Q&‘D@D%D@

il R 2 £
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19 36. B FAPSA FA 22 9] HRP western

9. AtCYP21-4 ZZA A AZA S in vitro tuberization #4
7}, AtCYP21-4 732+ HAASEA 9] in vitro tuberization £33 H4

(1) AtCYP21-4 &-Ax}oll o3t 7+ate] AR A FaSs dolrr| 98] in mnvitro %
AoA FAAHZ 7249 tuberizationS #EEATH wi¥E A9 single nodeE
2}A] tuberizatin wj Aol A} &z Stol| v &3k T

(2) Tuberizationg wF #Hste] FAHA LA F£5 HAZ A}

159 $H5E CYP2l4 #ud FAASA = OE3 #hlo] 7 whe] tuberiazation©]
doita Al =kQl B e Aol FAHNew, WT Ao - 15Aked<s
AAHPo] A=A LT 27 EE] AT Ao FAHL selsdrt (Y 37).
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9 37. AtCYP21-4 =& 72} A A8A 9 in vitro tuberization ¥ ¥

(3) WT Z+#=  micro tuber”} axillary budell A 2] "ozl stolonoll A tuber7} &4 =] 7]
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Al ZtEl Wb CYP21-4 38 A= Al 29l =5 aillary budoll Al vl2 tuber7} A
= At

(4) =3 WT 3 23 FA-8A 2% %7] 25 59 tuberizationo] &¢aHA| o] Fof
ATt AFANAE Z717F muEkAl HEe 23S dxEgen, Aad F- A ol A
tuber FA o] We] A2 o} HFA<Ql micro tubere] F7F WTe F Wiz gz = ok

L} AtCYP21-4 732+ & ASEA| 9] jn vitro tuberizationo] 23+ 4237 A FARA

(D 45 zto in witro tuberization & A3 AAHHE A7 F#3 FAS A A
I Ay g 79 smgle—nodeOHH AAE micro tuberd = WIS H 47190 HbdH
CYP21-4 #8d FAHgA 9] 49 Al 22l (OFL 2, 3) 25 fABHA 87 A=Z of F =
<713t

(2 HF 348 2979 A7 FA 9N FHAASA 2l o] WTe Ful= F7F &
gl (28 38).
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-

Mumber of microtuberplant
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0 Ak
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9 38, AtCYP21-4 333 FAASA 37 24219 in vitro tuberizationol] &3+ 43
e 4 2 FA
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10. SAAEA CYP2l-4578 7o) BAEY B4
7} Az FUE A% ZAAEL o|FwBe

D) BA7AA EAAZ BAHE Ryl Bud v gov B ATE B3 2

A A olFxdd EAE HxZE Hish
hyA

(3) Cis-Golgi "m}# Manl-mCherry w}#AE o] &3}
A (2 39A).

(4) CYP21-4 ©¥ido] N-go REo TM #3
T™ME A9gk CYP21-4/FA A2t TM FAATHS GFP gl o) AAste] ga <
ol A Belgk A CYP21-4 A A EH
o} (28 39A, 19 40).

G) =3 ZAAZR FFHEH7] YalAE= ER £7HS 53 o]FHEAE F2lslarat ERO|
A FAAZR olFS A= brefeldinA (BFA)E A #ste] &<213k A3t BFA A x
Aol E= CYP21-4 @l Zo] ER A7|@o EAst S FAsAT (29 39B).
BFA * 2] Al ERu}# BiP-RFP$} € X &&= &33o] d#zd.

e
M
Lo
i
X
i_g

rlo
Z
=)
ut!
1o
,{
=
of o
12
1o
@
N
o
fru
b
rO
i,
32 H

A GFP  Manl-mCherry Chloroplast

“%
ol .

Os CYP21-4-GFP
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TMHMM posterior probabilities for WEBSEQUENCE
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19 40. CYP21-499d 2 D T™M 99

gk
o

. /n vitro PPlase &4

CYP21-4 FHAA= ot MEREA Ad olf=dAfHATo] 2= PPlase 487
ANAZE717F R O 2712 X]gE o] lo] PPlase E484S ZHA] @& ZoE 9
=9t} [n vitro PPlase activity 274 A% CYP21-4 Tz
=4 459y 559 CYPD AMzgund e dx1t= /\}slo}
A BagAo] A S EHATH CYP21-4 g d e oy &

ol JEhA] go P CYP21-4+= PPlase 41717} %Kélﬂoi ﬁﬁ}% FAARZ A=A U

g2 ogse 38 Aoz Fadd (18 4)).
Un In Pu
{(Da—= 14
?{l"' . 2 AT A
509 = F SRR
= =
40w == = P
! a 0.3 -;’.,;d-
10 | s BlERK
xi ﬂ = 0.6 v EEAsD 50 nM OsCYP21-4
" ’ & o 04 e 100 nM 0sCYP21-4
204 i — —— 200nM OsCYP21-4
\ L —— 200nM CypD
:' ﬂ I I 1 I I 1
-1. 0 X W0 130 200 250 300
' Time (sec)

a9 41, AxF CYP21-4 ©@9d 9] in vitro PPlase &4%A4
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Table 1. Gene-specific primers unsed in this study.

Gene name Primer Saguances (F, forward; B reversa[37-37) Applications
O=CYPRI-4 F: paattcateEcEagEstaza pocEasEcaatty B gEatoctcaEchcassEcttEctgitttagc gt Eaty Tranzgenic plant
(pCAMBIALI0D cloning)
OsCYPI14 F: capocatEEcascEacEataaagooEaaEl R caEccatgEEctcazzEcttEctEttttzEcE Subcallular lecaliztion
(pCANBIALIS02 cloning)
OsCYPI1-4TAL F: taoocelEEcEaEERIEaaEOCEaaED B zztocateEcticagtclcEz ECattEEne Subcallular leclizztion
(pCAMBIALISD2 cloning)
OsCYPI14aTM F: l=tocatgeztctooctcetectEzEca R z=tocatgEcectoazzEcttectetittzEce Soboallular lecliztion
(pCAMBIALISD2 cloning)
OsCYPI14 F: taocalatEEcEaE EalasaEOCERECaE R stecgEccEcEChcazzEctiEctEtttERCEL Byotsin expression
{(pET41b cloning)
Q=zCYP2I-4 F: ztgscEapEatazzproEaagiasits B tcapctcazzecttzotettttagoetsts FT-PCR or gFT-PCR
Qz4CTH F: catgctatooctegtotcgaoct R cgracticateatzEzettetat FT-PCR or gFT-PCR

11. CYP21-4 Ao BR2EH= WA 71F

CYP21-4 A 7% .-
RTAPOR U2 AHEH AT, DEe FaRA B RN SR
7. AE ABA s2E £ ZWANE AL 930 57}
HAe (27 42). o] AAZHE CYP2l-4&= &7 IS

A% & dgtt

A
>
mlo
L
e
£
v}
.-

o
[>
[m
£
[>
PN
A
é
)
@)
<
g
[\]
}_n
..|>
()
%

2
_>;L

mlo

15 15
NaCl Drought

[ T R - Vo ]
& W ow 1

o1 3 6 12 M4 o 1 3 6 12 M

Relative expression
7]
[ [}

0 ;
IR Gl L 0 1.3 6 12 24
L Heat =7 ABA
9 g
5 - 5
3 3
o o
001051 2 3 4 0 1 3 6 12 M
Time (h)
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1% 42. CYP21-4 Ao 3 2Ed 2 FA8d RT-gPCT 4

. CYP21-4 s dA =49 dF2Ed2 WA £HY
(D CYP21-4 &d 22k A=A g4 2Ed 2 WA 4

@© AtCYP21-4 #&d Ak ol & o] &% 15E 4

- CYP21-4 F3A = o8 SHE2Ed 2 Al faAEd0] S7iEe 545 Ho Fof, &9
AR olgl 2EH 2 2ATAE V)5S & ZOoE =3t Tk

- AtCYP21-4 #Id 72 ARG AEAVE 2EH 2o WS HeEl=A 1387
skl o] discE o] &% 2E#H HEE HAASAL.

- Aol 7-8th 92 oz Icm AE9 leaf discE TFE 11F5E G Sho) 48
A ZE A 28k T

- 1% A9 A A 200 mM, 500 mMEE EFAA iz Hla) WS B Foh
(1% 43, left).

- AFE A WA tig Aty W £4S fE 9549 S AT A9 200
mM = e thxTol HE) 28 A=Y & d54& FEFol FAHJH (13
43, right).

- CYP21-47} e Ao AfdAE, SHE2Ed 20 75 Jdas AT &+
AATE.

| Con | OE2 | OE4 [OE9_ 2

o

]

; & N \ =

f i \ +
w99 @ 89 W0
G

- \ o

mm (G g® @ p@ :
( ' > &

=]

T

¥

i)

=

i

T

i

= LH/K-] t‘)\-]
%

w04 g8 96 g

Dw 200 mM 300 mM

9 43, AtCYP21-4 #Id 7} leaf disce] s % & Ay Y R 54 TF

NEERE
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@ AICYP21-4 2@ 244 A€ o &8 L% HO, WA 24

- OYP2I-4 $RAE 418 2B AE §351 HO, A Ao $aARde) 2/ ZjEE 5
& vehick

- AICYP21-4 ThEd 24 FAAE ABATF HO, 2Ed 20 WS UehieA Sl
al7] gste] kelAsl 2 WHom Qo discE o gt 2EU~ AE AN
.

- HO, A 10 mMelAE Bz fhasa 2y 2d@gel 2 wshr) glev 20
MM Rl AE FARBAL HETo Hal WAL Hel FUAL (1Y 44, lefr),

- HO, ASt2Ed 2 WAo) tE elsha WatE dobns] i3] Aty &4 A=

=

2 o|3f& 4= & electolyte ion leakage #41S A A 3FATH
N
o 4

- Ion leakage =4 Z3}, 10 mM3} 20 mM oA tlxzTel Hls) e ey
ERR Qi (29 44, right).
- oo ARRE CYP2l-47} A @ 2EH 20 75stal Adss AT 5 UM

.
-MEEIEE-

w w
L i

yte leakage
(v ]

Relative Electrol

Dw 10 mM 30 mM

9 44, AtCYP21-4 & 7+A} leaf disce] H,O, A e8] xd ¥ = ion leakage
FeF e

(2) CYP21-4 &3 B FAAGA 9 &7 2Ef = Y

O 1% @ 2Ed2 YA 2383 24

- FAAEFE BA A CYP21-4 #AAYE 1 E 9 2AoA R Ad dd ZE
UEto] fdd8AE EH“OE 2E# 2 YWAS B4% 27 100 mM, 150 mM =

o
o,

A oA gz va) Be do] B AT A ZletAT (1 45),
S e 3 BEAE BE gage) uE BE 9 sEds WAL e How e
A},
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A B

WT OFE1 OE2 OE3 ;’? 150
: 11} $ ii
EI. LilF =

£
at IDE1
'1.=I=‘ 30 - IDL
2 0-
""E 150
"\atl[ml\[}

100 mb NalC'l

Relative freshweight (%) >
=] =
‘ﬁ*

A

—aa
H E .
jsNeRal-
BEEA

i"-'u
=
= [ - -
e 0 100 150
= NaCl{(mM)
13 45. OsCYP21-4 #d v F2EA o =¥ EAF ) ¥gldo)

5 AA S vl

@ 1eE 9§ 2E#f 2 AgA e Ay stz 24
- CYP21-4 fAAe] 3 3o 93 %% I 2E#H2 Aol 2EF A ZANA
WA= g4 FA2TS B30 =2 AASE 7l 23 AR AEled = A

a
&3l AF DAB stainings &3l HO, &89 42 233

- 200 mM & FxAE dizTol Hlal 3L FEAHASA
HAFATH (27 46 A).

- 2E#H 2 AHEgH do FLEFEHAE #
-diaminobenzidine) &Pl A HX A7l & ROS SA4kiaFo] 3 Moz JAHS
&

- DAB staining A3, mock ZHoAE tx79F FAASA
mM & oA+ dixT9 o dHo] FAHSA HHo

2 GAE fafidt ATl Bol APEHASS B FAH (:L%‘ 46B).
¥ ool AMERE CYP21-4 fFHAE 2E#H 2~ A A= &

Aste 750 e ZeE Addn

ol
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NaCl(mM)

WT OE1 OE2 OE3

WIT OFE1 OF2 OF3

Na('l Mock
||
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L]
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10 mM HyO;,

s WT
m OEl
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% hoot length (%)

il -

EnﬁI 10mM 30 mMH;O4)

[

[ I
T TR '1. oty
2\ t‘. a%

30 mM H; 0,
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.

d 47. OsCYP21-4 3}&d ¥ Fa=Ae HO, 5 2E#2 WA £3F

@® 1= Fd 2EHE 2HNA Faks a48H B4

- 15 g 2EF 20 A3 YAS Holx= CYP21-4 FAAe H&o] itz k<3
22 2o 71 JhsAel A=A F1e fa oA s 540 d4E
2Ef 2 204 &lsiit.

- 1% % F2Ed 2 200 mM 204 APX ¢ POD E484<S =Aat

- POD 3484e 4 sxd wat A AuiztA Frtstd o Al Qe Re FdH8
ghlo] tixTol Hl3] =2 EATH S HAFYTh APX 542845 1% § =7
oNA thzT vl o 1581 =7} st (28 48A).

l
- 2EH 27 Qv AARHAA=E CYP21—47} I E A EAe] PAts gagAol
ol vsl =5 =4 SEEH= 74 Hlov 4 2E# 2~ 2HoAE=
4 AE Aol7t A wobdE & —’F 9}9111}.

A B

| mWT

[

o
ty

T £

et
L#

Relative POD activity
=

Relative APX activi

[l

L A0 0 . 200
NaCl(mM) NaCl (mM)

a9 48, 311 55 § 2EdH 2 A d4ks 34 APXeF POD &4

G H0y 2E# 2 ZAA a3t Ea8A B4
- H;0, 10 mM 7} 30 mM 704 POD 18]1 APX EAE4S BAsg)
- POD &48A4L AAZANAE HxFo vl 32 A3
WGl LSZAA S7h el @ AEdssh visd AgE dehit (19 49 A
- 10 mM¥} 30 mM F52] H0, 3ol H2d 74]‘: POD A2
7 Ao
- APX B4e AgzddAE Aol YIUAT AsiEd s 2HAAE HlxTo H)
3 Al ekl oA EagAdo] SUHES FUsAT (LE 49B).
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¥ .
25 ii
F I e 8
0% d
2815 1%
B
= EWT
1) 8 OEI
03 2 OE2
04 _ . B m0E3
0mM  10mM 30 mM(H:0:)

a9 49 H)Oy 2EdH A ZdoA

pavel

Relative
APX activity

1.5 -
1 BWT
B0E]
0.5 - ®QE2
)  ®OE3
0 30 mM (H:04)

J4 APX9} POD &4EA4

® &4kst 4 CAT 484
- EH kst Za4 catalase BAHE FA SASA oW wEAA I fod Sle 4
HE A s (ZLE 50).
- A=A 1 ov= f Iga HO, 4kst 2E# 2~ mRFoA CAT 3484 E
CYP21-4 #Ed FAHATAS} iz 1 Zo)7) glas Ut

215

e
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=

™

-

@ 05 -

=

E

~ o,

Mock NaCl Hﬁh
a9 50, 1'% 93 HO, 2E# 2 24 d4ksl 84 CATEASA

¥ o]de] Az RE d4ksl &4 PODe} APX &4 x4l CYP21-4 fAA7} 7]538tal
Aes FAT + ANoH, SH2EH 2~ 210 F GANLET] Frlske 97 49
slol] A-Z3str] A e CYP21-49] 34bst a484d =4 o] da3s & + AN
t}. Catalase E42E HIAZA 7|5sts &42 CYP21-4 753= OE 7= 93

248 Aoz o=
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- 37 2Ed2 A 2EEE U TEE ABAE UREY 2E#H2 e A5
GAARZ AZAFH o] CYP21-42] SAH2EHY A HAo 7FE o] TR JF&
e Zog s

- 7t AASAE ABA TE2E ZHoA wiFEte] 1 WS #EFIAT

- xT thHl CYP21-4 #EAA= ABA T tha] AFAS B FU o273
FEYL g9 IFE ¢, 2 ASAEH A YAo] ABA SE2E AlsHAG 7]
AA"E 7t5AS HoFEg (19 5.

A
WIT ©OF1 OF: OF3
=
ua]
-
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=
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= 80 -

=
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o=
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13 51. CYP21-4 #}ddA o] ABAZEE A3 B3

12. CYP21-4 43538493 &4

‘=

7}, in vivo IP 3-8 95k o ik gl [p

AZY CYP21-4 @& 3pikd Al7]17] Y3+ construct®A] AtCYP21-4 9 OsCYP21-4 w2 o)

c-terminal 2ol GFP ©H¥l & fusion Al7]1 GFP @A & =72 AHEsITh

- &4 2dE 98l pCAMBIA1302(GFP) vector cloning & Zg}2n|=E agrobacterium ol ¥2
Ag AA 45 B G Yo transient expression =3+
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- 4847 Z o] Wy H 9l ZZ oA soluble proteing FF 3FT S souble protien 4
mg & GFP trap bead ol binding A1Z1 % bead binding ®A %< A5 (Sup. after bead
binding) & @& B3 3k3th

- Hfoll A FZ3}F soluble protein / GFP bead binding (IP) / sup. after bed binding Z}z}e] A=
S SDS-PAGE gel ol runningd}e] Comassiea brilliant blue (CBB) staining & Z13) 3}t

- A3, GFP bead ©l binding & bead ¢ o] GFP whlde] ko o] Alo] WIS <
Ak (2" 52. ofelZE: AR, 2E]a CBB staining o] % ZyoA = PAZNA IZ2T2 AE

GFpetaid e mi=7) Z3hA #aed dhH AtCYP21-4 ¢ OsCYP21-4_GFP ¢ A% Hi=r} &2
2 A dth (3F 52, 9% ARD.

ol
o

Oft

1

-

; e
g &,{5\0&‘“
e © o e
A ¥ &
40 "3 , -'}\JQ
a o a o a o
™
& = 85 5 8
o = o T + T
- oo - -
P NN Moo
o H g o H % & H (W]
6 £ 6 © < o © T 0O
=
TE — —-———
2 —| -
o e - — e —
3z —]
I T .-
0 —
17— ...
T —— . — —
- id
GFP At21-4 0Os21-4
_GFP  _GFP

9 52. CYP21-4s_GFP ©#ide] [P & CBB staining A%}
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. IP =3} & western blot

CYP21-4_GFP wide] [P 4=3) & (BB stainig ©& band 7} XHo]x| ¢o} CYP21-4 GFP
construct7} 2&HLS <l 347] 9l5ke] GFP antibody & ©]-83Fo] western blot-& 435} Th.
[P W&ol = GFP 27kDaol|A] W=7}t 1= R1ar, CYP21-4s GFP whal a2 o 50kDao| Al ®i
7} g2l Hlck weba GFP trap bead o ¢Ja} GFP fusion $¥#2e] [P7} H1L-S ghelst
ATk (27 53).

I3} total soluble protein o] 7% thETQ GFP o|A¥k W=y} HSl ZHog Hol
CYP21-49] ehid o] Wrgo] wo] B5s 53 + Utk

CYP21-4 GFP IP A=A <F 130 kDa =9 =7]o] =T Y& Ao 2 Rol CYP21-4 il
o] g2 w3} interaction & 7HsAS &<l 90 (2¥ 53).

. Lo
et ‘d\“&
dd‘z gs'f-‘r‘? B‘Ugﬁé'
atle) @ . .-_:\ﬂ'
-8 o [-% [N (-8
L - =+ = =
= @' 5 H 8
a a T
5 2 & 5 2 5 % 3

BlE

[
-

’ 0sC21-4_GFP
|

«— CYP21-4s GFP

«— GFP

'?:-

Soluble protein Scluble protein 4mg Soluble protein
10ug = bead 20ul 10ug

19 53. CYP21-4s_GFP ¥l o] [P 3 western blot 23}
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13. AtCYP21-43 LA A A ANA Y TGAse A3 9 AF 4
7F 1z 24

D A5 =ZIEH & F e dold 7IH &8A & AAST] s 0.05%
trifluoroacetic acidE Y& 3xt5olA 24 AIZF 439tk £3], Total proteine] 7
L, BEA & ZHHo] WA¥sle] 15,000 g x 2 min spin downdti A5HE B o] AL
3k T

(2) Con-A extracted protein AZA HAE=H YFFY F-Ho] glucosamine}
mannoseAth (Table 2). ©]+= mannosed] F=Z ZA%3sl= Con-Ae] EAO=Z <2l
oligomannose type glycan< 7}A|= Wa¥do] #5511, glycan processinge] %13§%]
o] mannose’} A|AE il galactose, xylose o= Tx ]ﬂﬂ/ﬂ Con-A<}te] Aol
FA o2 ofsixl debiiE o] AHFY] W AeE FAHETH

3) 019} 2] total protein AlZE+= fucose, xylose 58 X3 gFs 9 =48 713

S 2 eyt Table 204 Xo]%o] Con-A extracted protem Al &&= mannoseE F
Shele gam Ao HAgE A#S Jelyr] wjio, o] A3 total protein Al

g 3= 7o) v s}, Wild typed OE transformantsebe] A2 zjo]= o]

Shldtr] ofHar, whEd A4S At BEsfor & Z ot} Sialic acide A

O dgE 2 vEE fFE B o), A¥ A2 254 N-glycanss 7}

o2 Bt} (Figure 54, 55).

E3] total protein AlEA glucose’} w-¢- =A vERYETE (data not
shown), © A2 AAE #Hobx =AF A Rol7] wiwol HEolU AfFL Fol
EEEEA YEG o2 F4 "

G) 4 A3 dx2F9 FAASY A 1 G/ AL AHFH ZolE 3] oH M
(2% 56-59).

H~l

Ol

=]
Al

J%

o}

Y

=
vﬁm{wmmmw
TR TR
r{ngoﬁl.m

> rr &2
Fﬂl>\]§2

FTF
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Table 5| Monosaccharide composition of the 15t samples.

(unit; pmol/ug protein)

samples/sugars cWT cOE1l cOE2 cOE3 tWT tOE1 tOE2 tOE3
fucose 34 50 63 47 5 10 6 5
galactose - - - - 117 66 77 109
xylose - - - - 22 23 18 29
mannose 6,850 9370 9920 7,880 51 o4 42 56
galactosamine = - 0 2 0.8 0.1 04 03
glucosamine 22,080 22370 21,820 23,100 96 43 44 27
N-acetylneuraminic acid - - - - - - - -
N-glycolylneuraminic acid - - - - - - - -
-, hon-detected
yeast
. v
® Mannase ] : animal
LR} >
B GicNAc .i o insect o g 299 g Y X
©  NeuSGc L} o Eﬁé. 2§é
O Galactose n -.f'.. a0 g : e » Q9
¢ Salicacd :
& Xyl -
«4 Fucose
plants human
L 4 *e
I Pi s s
oo .-§§4 & o =
8 o @ o9 Q) o o o @
L : -} =)
. i = =
| L -u

a9 54. AE o-& A=A N-glycan =
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Endoplasmic
reticulum

Glul
Glull

Maturation of ghycan structures Secretion 1o plasma
Golgi apparatus membrane
Medinl

Glu I!I

| Protein

A Glucose
@ Mannose

Man\?’ wu\g Man GNTII\z
I

ﬁl.E-K}rlTl

Medial

i al,3-FucT g B1,3-GalT, %1.4-}:“1

g

A& Fucose
#* Mylose

B N-aceylglucosamine

0 Galactose

trans-

19 55. A& Eo|# N-glycosylation pathway
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Wa 110 ED 1
15']'_”':
I FIa - Glucosaming - 3.150
126 ||'|
: I
100 |
75 |
5] |
] |
: ||
24 | I ||
- | || 41107
3 \\M f\ 17
+— s, t _/f \#_'\1\__5-11.554 _E-Hﬂﬂgjﬂﬂﬂsc#g}(_
-ED 1 ] ] I ] ] 1 | ] ] ] I 1 1 ] | ] ] 1 | 1 1 ] I 1 ] ] | 1 ] ] ] 1 I-II-IIr.I
Lo 21 40 .0 BQ 100 12.0 14.0 §8.0 18:0
Mo, | Ret.Time Peak Name Height Area symmetry(EF Amount esolution(ER
min nC nC'min pmol
i 383 na 0.060 0007 n.a. n.a. n.a.
2 410  Fucoss 0316 0088 na L4404 714
3 8§15  Glucosamine 135776 80057 107 2208711 323
41 1102 na 12646 4 GEE 1.05 n.a. 1.51
51 1198 na 1.345 0543 147 n.a. 3.06
6| 1412  Mannoss 3.218 1551 na 102 568 151
T 1530 na 1977 1.050 na. Mm.a. 188
g 17.00 na 5600 3542 102 Mn.a. f.a.
Total: 160.937 101.805 430 2317173

a9 56. ti=+¢] HILIC ¥ MALDI-TOF 2=}
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16 OE1a 1110

Sampie Name: OE1a 11D Injection Valume: 10.0
Vial Number: i Channel: ED_1
Sample Typs: unknown Wawelength- n.a.
Contral Program: FGXMA Bandwidth: n.a.
Quantt Method:  FGXM Dilution Factor: 1.0000
Recording Time, SEEsEssEa==T Sample Weight- 1.0000
Run Time (min):  18.00 Sample Amount: 1.0000
OEla 1710 ED 1
160 T
.Il - Glucozamine - 3 584
4 |
126 ] | II
; A
100} | |
] ||
75 | |
50 | |
5 |
] ||
26+ | | !
E | f \ 2 - 11867
] '*.“ j.' ' M
] .y E { = 4 - Mann 1
3 - - e VAN I e .-
_2E T T T I T T T I T T T I T T T I T T I T T T I T T T I T T T I T I-II-"r-\.
0.0 20 4.0 6.0 8.0 10.0 12.0 12.0 6.0 16.0
MNo. | Ret.Time  Peak Mame Height Area symmetry(EF  Amount  esolution{ER
min nc nC*min pmol
1 955 Glucosamine 136.5B8 91228 111 2237426 244
2 11.67 n.a, 13.888 5718 1.02 na. 1.58
3| 1272 n.a 0042 0389 112 na. 304
4 14.90 Mannose 3404 1711 1.06 113.553 1.72
b 16.32 n.a. 1.803 1.048 n.a. n.a. n.a.
Total: 156625 100,094 432 2350979

19 57. AtcYP21-4 OEl¢] HILIC ¥ MALDI-TOF 2 3}
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48 OE2a 110

Sampie Name: OE2a 110 Iniection Volume: 10.0
Vial Number: 7 Channel: ED 1
Sampie Type: unknown Wavelength: n.a.
Control Program.  FGXM1 Banawidih: n.a.
Gluantit. Method:  FGXM Dilution Factor: 1.0000
Recording Time: FReassssi= s Sample Weight: 1.0000
Run Time {min)- 18.00 Sample Amount: 1.0000
=0 f =4 ¥
140 = 0OE2a 110 ED
Ik 2 - Glucosaming - 5.750
] f
] [ |
4 | f
1E-I]—_ | |
] | |
75 ||
] ||
50 | |
] ||
1 | |
25 f |
i ‘l [
] \ .'I | 3- 11517
gl S %Wlnehﬂg' 4 - Mannogs 1474
. “ el
A I 5 RO P Py ok PR P | R P PR I 3 W R T N A | Ty
0.0 2.0 4.0 8.0 8.0 10.0 12.0 14.0 6.0 18.0
MHo. | Ret.Time  Peak Name Height Area symmetry(EF  Amount  esolution{ER
min nC N min prmol
1 7.60 Galactosamine 0.011 0.002 119 0.046 3.02
z 975 Glucosamine 126562 £8.084 1.01 21823531 245
3 11.82 na. 11,151 4 658 0.a7 na 472
4 1523 Mannose 2186 1.073 0.51 71212 1.82
a3 16.72 n.a. 1.325 0737 0.97 n.a. n.a.
Total 141255 05 404 504 2253 649

% 58. AtcYP21-4 OE2¢] HILIC ¥ MALDI-TOF 2}
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49 OE3a 1110
Sample Name: OE3a 110 Infection Volume: 10,0
Vial Number: 8 Channai- ED_1
Sample Type: unknown Wavelength- n.d.
Control Program; . PGXM1 Bandwidih: n.da.
Quantil. Method:  FGXM Dilution Factor: 1.0000
Recording Time: SRR Sample Weight- 1.0000
Run Time (min):  18.00 Sample Amount: 1.0000
140-= OE3a 1/10 ED 1
T 2 - Glucasaming -5.750
x| f1
] f 1
] | [
100+ | |
i | ||
5[!—- | |
1 |
25| |
] | | I|
2 { .'I | 3-11.917
] \ 2] Eiﬁﬂ ! 5
I}—_ J Nl | 1I Ga;._ac{mamlna ; q,-'f__ i i\_hllamfgfm:m
'2E i T T T I 1 L] I T T T I ] T 1 I 1 T I T ] ] I T T T I 1 1 1 I T T I:nl'rl
0.0 2.0 4.0 8.0 8.0 10.0 12.0 14.0 6.0 8.0
Mo Ret.Time Peak Name Height Area symmetry(EF  Amount  esolution{ER
min nC N rin pmol
1 T.E0 Galactosamine 0.046 0.010 097 0.237 2549
2 9.75 Glucosamines 131.951 04213 .03 2310630 243
3 11.52 n.a. 12.651 5.355 0.99 n.a. 465
4 15.25 Mannoss 2.021 1.530 1.02 101.538 1.76
5 16.73 1= 1.875 1122 na. n.a. n.2.
Total 140 424 02229 402 2412 405

% 59. AtcYP21-4 OE3¢] HILIC ¥ MALDI-TOF 23}

_68_




. 23 24

(1) Total @M AS oz @ =4S 3 WHE3te B39, Y3 @id o=
Uiro] AwE 7 Alge] v 2A4S WTH OFE transformantsztell &jm] Qe zjo]E
Ast7] o#H Ytk (Table 3). EFAAE 1HstH, @9 e 9T FFY 242
WT3} OE transformants7} A9 FLdstthar Bpop & Ao|th. wetr o FgHF= A9

H] S28HA] LERR T
(2) 2z B4 Axs Wild type®} OE transformant 3 9] @& A3} ko] ojn Q=
2ol & A str] Atk (1" 60-63).

Table 6. Monosaccharide composition of the 2™ samples (n=3).
(unit; pmal/ug protein)

samples/sugars tWT tOE1 tOE2 tOE3
fucose 84 + 02 85 £ 03 85 + 07 85 + 08
galactose 388 =+ 44 421 + 15 347 + 20 358 & 21
xylose 341 + 40 210 £ 19 282 t 31 255 % .21
mannose 543 + 18 21 % 22 484 + 37 476 + 37
galactosamine 03 +03 08 + 02 03 + 00 04 + 02
glucosamine 283 £ 50 302 + 17 262 + 03 296 + 20
Sugar to Protein (%) 27 £ 03 26 + 01 24 + 01 24 + 0.2

# olae] At CYP2-4 BAAEH FAPHEA] HAY FU &
2 4 A5A ABge FREHIE oEe o BuHE
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Operator-GioFabula Timebase:BIO-LC_1

Sequence: 161121

Page
2016-11-22 231

3 WTn1
Sample Name: WTn1 Injection Volume: 10.0
Vial Number: G Channel: ED 1
Sample Type: unknown Wavelength. n.a,
Conirod Program::  5X Banawidath: n.a.
Gluantit. Method:  FGXM Dilution Factor: 1.0000
Recording Time: SESSmmsssgTTn Sample Weight- 1.0000
Run Time (min):  16.00 Sample Amount. 1.0000
WTni ED 1
14.0 IS
3 5-10.850
] |
10.04 || |
7] [
5.0 | |
] ) | I
25 l"ﬁ' |"'2 s Ao P & - 12757
5 ‘ I"'-\ i e I \ f Iu' \ [ | ' PoRfanntas | 12.4
i \‘-H_ - FUCDEE - LJI |I -‘Illll IIIFI || II |I I|I | Ill
i | e ooz s l.
|:||:|_-_ _JILI “-I- T —— l\-;|_I_/; S - l\\_]
2-D 1 T T T I T T T I T T T I T T I T T T I T T T I T T I T II-I.I”-I
o.a 20 4.0 8.0 B.0 10.0 12.0 140 16.0
Mo, | Ret.Time Peak Name Height Area symmetry(EF Amount  esolution{ER
min nC niC i pmicd
1 403 Fucose D648 0.126 1.10 5714 B85
2 7.72 Galactosaming 2206 0.776 0.54 11.951 2104
3 5.85 Glucosamine 26T 811 naa. 14.386 1.13
4 947 Galactose 2325 0759 n.a. 28306 2.55
b 1085 n.a. 11.884 4573 054 n.a. 3.05
G 1277 Xyloze 1.914 0.825 n.a. 26.108 0.90
T 1340 Mannose 1.616 0700 n.a. 38 216 n.a.
Total: 228459 B.568 298 124 881

a9 60. WT 37 ¢ HILIC ¥ MALDI-TOF Az}
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Operator:BioFabula Timebass:BIO-LC_1 Sequence:161121 Page 1-
2016-11-22 238 11:3
12 OE1n1
Sample Name: OE1n Injection VVolume: 10.0
Vial Number: 12 Channel ED_1
Sampie Type: unknown Wavelength: n.a.
Control Program: - 5X Bandwidih: n.a.
Guiantit. Method:  FGXM Dilution Factor: 1.0000
Recording Time. SEEEEsTss Sample Weight: 1.0000
Run Time fmin):  16.00 Sample Amount: 1.0000
- QEini ED 1
18.0 o
4 5-11.117
15.04 |!|
10,04 | |
5.0 |
] "I |
| | 4 1 7.30 GHGQ“T“T‘J'W
Al f ks 13
T | L\_\L_ 1 Fucoss - 4 100 "L
I oY J j &} f\l,
I AN iV AWAY WA WY
_2D T T T I T T T I T T I T T T I T T I T T T I T T T I T Il-nln
0.0 20 40 6.0 8D 10.0 120 14.0 16.0
Mo, | Ret.Time Peak Name Height Area symmetry{EF Amount  esolution{ER
min nC niC *min pmol
1 410 Fucose 0.870 0172 1.08 7788 &1
2 7.90 n.a. 28637 1.058 1.00 n.a. 1.82
3 9.02 Glucosamine 2.899 1.137 n.a. 20172 129
4 973 Galactose 3.070 1.028 n.a. 38344 250
= 11.12 n.a. 15577 6.119 0495 n.a. 3.0
G 13.08 Xylose 1.729 0.759 na 24 028 090
7 13.73 Mannose 1.897 GEST na 47056 m.a.
Total: 28,678 11.130 303 137389

1% 61. AtcYP21-4 OE1 ¥ 7] HILIC ¥ MALDI-TOF A%}
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Operator:BioFabula Timebase:BIO-LC_1 Sequence:161121 Page 1-
2016-11-22 23 113
18 OE2n1
Sampis Name: OE2Zm1 Infection Volume: 100
Vial Number: 16 Channel- ED 1
Sampie Type: unknown Wavelength: n.d.
Coniral Program; - 5X Bandwigih: n.a.
Guantit. Method:  FGXM Dilution Factor: 1.0000
Recording Time: (BEE0HEHHHTHE Sample Weight: 1.0000
Run Time (min):  16.00 Sample Amount: 1.0000
OE2nt ED 1
16.0 T
] 5- 19,100
y I
12.5] ||
10.0-] | |
7.5 | |
5.0 F ml |
] | 3 - Glucosaming. - 3.017
1 2-750ff  4-Gatattods 3717
2.5 | N Ih (£ RHOMnIR T 13
] L | 1 - Fucoss - 4. 084 f I. I ." [ R
] [ =} ."- R L [V
1§ e N Y gt o gt | L
e —
(] 20 4.0 8.0 B.D 10.0 12.0 i4.0 #6.0
MNo. | Ret.Time  Peak Mame Height Area symmetry(EF  Amount  esolution{ER
min nC niC*myin pmol
1 4.05 Fucose 1.054 0222 1.19 10.079 G233
2 750 na. 3.062 1.169 097 na. 1.87
3 a.02 Glucosamine 3.891 1454 na 26 490 127
4 9.72 Galactose 322 1071 na 39957 252
5 11.10 na. 13.906 5408 1.00 na. 3.08
& 1307 Xylosa 2422 148 na 23179 0.az
7 13.72 Mannose 2315 1.031 na. o6 .591 L.
Total: 29917 11.442 3.15 186.295

1% 62. AtcYP21-4 OE2 373 2] HILIC ¥ MALDI-TOF 23}
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OperatorBioFabula Timebase:B1O-LC_1

Sequence:; 161121

Pai

061122 23

24 OQE3ni
Sampie Name: OE3Ind Injection Volume: 10.0
Vial Number: 24 Channel- ED 1
Sampie Type: unknown Wavelength- n.a.
Contro!l Program: 55X Bamdwiath: n.a,
Guantit. Method: FGXM Difution Factor: 10000
Fecarding Time: SEGEEEEEEEL Sample Weight- 1.0000
Run Time (min).  16.00 Sample Amount: 10000
OE3nt EDO 1
16.0 e
] |15 - 11100
12.5] ||
10.0] |
7.5 |
5.0 ’ |
] 3 - Gluc ng|- 3017
] | 5 5 oan _f-a;:un! -BTIT
2.5 | I-'ﬁl |' | I"l || | & - xfindianeeaty 13
] | # 1 - Fucoss - 4,084 | I| [ Il Lo i) \
J I"I‘I"-_,__ A V' 4 | | | | I..F' \
1 M e '—"'—I"-n———— 7 LN ILF_ \od _\\._'_L/l’ = "\.-.1_
_Z-D T T T I T T T I T T T I T T T I T T T I T T T I T T T I T Il-nln
0.0 20 4.0 8.0 B.O 10:0 12.0 4.0 6.0
Mo. | Ret.Time  Peak Name Height Area symmetry{EF Amount esolution{ES
min nC nc ' min pamol
1 4.08 Fucose 1.092 0.224 1.4 10170 g.32
2 7.90 n.a. 2915 1.088 0.89 n.a. 1.85
3 g9.02 Glucosamine 3.807 1428 n.a. 25.344 128
4 972 Galactose 3234 1070 na. 30 925 2:50
5 1110 na. 14.585 5740 0.97 na. 3.0
6 13.07 Xyloss 2 08T 0905 na. 28 668 D90
Fi 13.72 Mannose 2244 1.004 na oo 138 n.a.
Total: 25542 11460 3.00 150249

1% 63. AtcYP21-4 OE3 73 ¢] HILIC ¥ MALDI-TOF 23}
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(2) FAA&A N A ] glycosylation H3} ¥4 Wy =]
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The OsCYP19-4 Gene Is Expressed as
Multiple Alternatively Spliced Transcripts
Encoding Isoforms with Distinct Cellular
Localizations and PPlase Activities under
Cold Stress

A Lee, SS Lee,
WY Jung, HJ Park,
BR Lim, HS Kim,
JC Ahn, HS Cho

Internation
al .
Journal of
Molecular
Science

17(D)

= 9]

SCIE

2 | 2017

Identification of flowering-related genes
responsible for differences in bolting
time between two radish inbred lines

WY Jung, HJ Park,
A Lee, SS Lee, YS
Kim, HS Cho

Frontiers
in Plant
Science

7:1844

= 2]

SCIE

3 | 2017

Comparative transcriptome profiling and
SSR marker
Jerusalem

in three
(Heilanthus
exhibiting

identification
artichoke
tuberopsus L.
phenotypic variation

cultivars

WY Jung, SS Lee,
HJ Park, CW Kim,
S-Y Kwon, J-H
Jeon, H-S Kim, HS
Cho

Plant
Biotechnol

o g 'y
Report

10

=

SCIE

4 | 2017

Overexpression of Golgi protein
CYP21-4s improves crop productivity in
potato by increasing the
abundance of mannosidic glycoproteins

and rice

HJ Park, A Lee,
SS Lee, D-J Lim,
Ki-Beom Moon, JC
Ahn, H-S Kim, HS
Cho

Frontiers
in Plant
Science

1250

=9

SCIE

5 | 2018

Genome-wide analysis of alternative

splicing in inbred line

(Brassica oleraceae L.) line
response to_heat stress

an cabbage

‘HO’ in

AALee, WY
HJ Park, A
S-Y Kwon,
Kim, HS Cho

Jung,
Lee,
H-S

Current
Genomics

19

= 9]

SCIE
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- AtCYP21-4 independent &2 A%k
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EAe] mur)ske 109 53
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FAAA 7] L AsEdel gk iz

O W [ZFA} FAASA ]| <o) HiwAdF
CYP21-4 3} Aol o3 A=
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o] 7% glycoproteing  thae 2  HILIC
2016 MALDI-TOF #4-& B3l JAEY
- |O CYP214 ¥}y A A BAH 2 AFEASZ CYP2l4 =
2017 A A FE B R FYIA| AA 2BA T5e A
ol e EA] =3

O CYP2l-4 SAH=Ed2 WA Bl- CYP2l-4/32= W78, W=

Bl 714 7773 A mFelA ol PzEd ol
wrgatel faxDEe] 2 F7)%
O $aAgum g & RefFol 1F= o HO, 17

- CYP21-49] ~Ed 2 7]Zo|Ae] o
S syl e kst &4
POD, APX, 8|3 CAT EA8A<&

Xk

P>

_84_




A= AT Hx 7kl 2ty 2 7E
o |72 A AZA ] AAA
WA ganaae cypela |t ® Il 33
] ) e ALY 2 wHFE vluEy
LA o Y4 FU F o b 1o
Q@A Ba 7 (531=9)
W42 JAA3A 2] genomic
] DNA AFQlodi mRNA 4%
Wi BAA8A S CYP2l-4 o =
A 75, oHldsE g2
TArE A
g h AR A =
Us - T8 7
2016 |CYP21-4 @@ A=A = AAEARASRA 27 L Y
218t BolAd 4 Z28A F4 f5 (=528
7} 3] =3
7 gagaas 27 BEOEAA 0L <
S o] g3k glycoprotein ¥2 2 gt
glycoprotein £ 2 gFE4] ! EYEOP .
FiA F5F (=)
in EE dA oGS
e 220 4 314 o] Glycoprotein | L]
. o2 EREE ZAA Eo)A
glycosylation e &4
FyIATHE YA B {FF
iV Edots 2 7 3hA)| < /72 FEAASA ] A 7]
CYP21-4 o o3 =% 0E A W P A
1 9384 &4 of Bl EA Ay fF5
- bR 3;] ] © ’
I I kLI iy R jlj o
microtuberization o=
CYP21-49] 7)'s1tH °
WEA FF
CYP21-4 dd A F&A 7+ CYP21-4 33 A A
2016 g4 HAH GAE BH 2 2 o gabse] A8 2 A
gz -
i g adgold HHEA S
2017 = = = T

CYP21-4-GFp w#z-S
oA WHAA 7|1 GFP trap %
3t in vivo-IP 3 §5-

m{n

_85_




4. AxpE AaEx Ol e e 2 94 s
B - 1= = -
AN EERT ARATEE ° ATAL S &
(%) (%)
- A FAASA 59A 3 gls 7
Foha §U 2719 HAL HEshol
AtCYP21-4 77+ A A freled z2ddA ARAZIE AL
o e AVl TERRA| | & RAY AT ATTE AT
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