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Mechanisms of CWPO-C peroxidase function on the regulation of plant growth,
differentiation, and branching
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The over-expression of CWPO-C (OE), a unique all-round peroxidase, in

Arabidopsis were analyzed. The OE mutants showed delay of growth and gravitropism. And IAA contents
were largely decreased. The results strongly suggest that CWPO-C catabolizes and inactivates IAA in
vivo. This observation was further supported by the in vitro conversion of IAA by rCWPO-C. This
finding may give a new insight of IAA catabolism in plant. On the other hand, The OE of CWPO-C in
poplar showed the different phenotype, suggesting these two plant species have different regulatory
mechanisms in 1AA catabolism.
The effect of CWPO-C on the fairy compounds (FCs) those were recently proposed as possible new plant

hormones, were also investigated. The CWPO-C over-expression mutant of Arabidopsis attenuated the
positive growth effect of the exogenous AOH, one of FCs, and decrease endogenous AOH. It suggests
that CWPO-C may also related to the metabolism and regulation of FCs in plant.



B X C—19, F—19—1. Z—19 (Gtm)

1. MBSO 5

WA DR LEESE Th AW~V A XX —PlF  KRERBET 77 I U —2BRL TV A,
L., KES ORIV F % 32— OB ERAE IS I KR THADO EE TH 5,

Fax BB LIRS IOFHE~ALVAF X —EThsd CWPO-ClE. U 7/ =>DES TG %
RIS A AR LRI RE T A~V X F =P Thid EEZXONTEE, & 242, CWPO-
C TP L CEDIZFEMZ AT 2 D 7o iR, SRk 26 45 FE ~27 4 FEPRERI B 2EAF 2 O AL IZ B
AN

1. CWPOC NETEER, F5WHER AR F 130 A MR P OIC T 2 &

2. TEFZ UM U72BS, MIZERANIC W EZ R~ Z &

3. CWPO-C%HERIFEE L= aA X X IHMZEAS O BEE A R4 2 &

4. CWPO-C%HFEBMM L= R 7 13 EEHEN FRT5 2L

R EDOFT-RBISREHA Lic, LEORAIZ, Y-~ 4% X —BOHEE (-l LEER,
KA OHIED) D3R &R, LA =B 2 L=H LWAER., SIHIE A 0 =
ALNETHZ LR LTV 5,

2. e BEM

AR S ERETHRFIIE A —F o Z2I U0 TR LEL NI LN TVD,
CWPO-C #4r LT7-EE . SRR A& o R % S {ET 5 &, TCWPO-C I
il S ORI RNTE LT R T2 Z LI k> TAR., DEE2HGT5] L PHEEND,
AWFFE IR LR DR A REET 5 720 Hi# 2 CWPO-C % o /37 % V7= in vitro TDFEBx,
TR & RN 2328k, CWPO-CHE B R B I W T %5 247 5 . = L ¢, OCWPO-
C OREMHRNTE KT DERLEES) . @BALAERRD DAL, @FMAMEDRED AR NE KT
BINE . OEEHKROXTAYIMIRFOIRNE . @ EREIAD NZHME ., © CWPO-C 3BT
WZBIT5 CWPO-C DRE L 72 2WE. BLOFOmMbASY LE 2 5N H{bAMELZH G
T 5,

3. WO HIk
DA XFXFRBIOKRTZ CWPO-C BRI BARDARYT

YEAXFTRAFTELORTZ O CWPO-C iR EULZ /B L7z, Bk S L7z MR RO Rk
FREE, EAEMERBR. NAE TAA OEESITICH L,

(2) CWPO-C 3 Bifi#br

CWPO-C £ X O AtPrx71 7' 11 & —# — FiftlZ B -glucuronidase(GUS) Zi#ifE L7= 2> A T
7 NEEANUTHBUR R LT, £70, EEIVREBMHNTIZIZ RT-gPCR & v o,
(N4 TAA 35 L Y OxIAA D JE &

A XTFTRAFTEBLORT T OEFXEHIL, MEREHSIZEI0 500 E OBRIEIZHE S THL
EU A U7, NERIESE L U CHEAKE TR Lo AV B2 3N L7tk FTE O RS RURE
Z1% . LC-MS @ SIM &— Nt 217> 7-, 723, UltiMate 3000 RSLC-Q-Exactive (Thermo
Scientific) Zf/H L7z, # 7 41X ACQUITY UPLC®BEH C18 (1.7 um. 2.1X100mm) % fu>
72
(5)V =)k CWPO-C % F\ 7= in vitro 2
FITAE D FEIZHEN rCWPO-C Z3f# L7z, FOSITEIR TITV, BOGBIA S 0, 15, 30, 60,
120, 360 min (ZREFFIGIZ SR 2 BR-EL L, HPLC 2347 (Jasca PU-980-Jasca UV-2070 Plus,
% 7 2 InertSustain C18(5 pm , 4.6 X 150 mm){Zf L7z,

4. HFFERLHE

1. CWPO-CIBREIFEHAL 1A XF X FDFKIFA

A XX CWPO-C MEPEBURORBMBIE 21T L 2 A, FXE, MBEEEICBWT
WT I L CHEEICHD Lz, 510, & CWPO-C @B S Ao AZ Ly Tay NMILb
CWPO-C e Hif L BX R, MREREICITMHEBEERH U . CWPO-C HBEENZVEDRIZ L. REN
mEEnTWE (M), 2Oz D, CWPO-CITHEYDOMELARZIHIT52@x2H/ LTS
EEBEZBND, 2, CWPO-CIERIFEBUR DO E ) JEMRBR AT o7 & 2 A, WT L bz LT, CWPO-
CIBREIFEIAD ST, 22390 FEl X EAXN D ETICHTARRINE L2 2 512 IE L= (WT, 86 4y
—0E11, 150 77), & B2, pCWPO-C ::GUS B AN LT a A X X0 EMERITE D GUS et
FEER AT o728 2 A, EHRMERT CIETEFME ARG STV =0T L, BB Tl th
EAHER G STV, (X2), PLEDOFER S | i R4 K 2 0F 5 i il 5OS 1 CWPO-C 23
G- L CWARREMEDN R ST, £7-. WMOERZHIET L 4 —F 2 i3, KM TamE
. W & KECET & DS 50 EME FRL., AlOREMEE SN D Z & THMN
EZDHEINTWD, ZomEETENEMHEICET RN, OP0-C FEEBALIL, JEIERTO B
B R OBEBENTNOSEASICBWW T b A —F Y VU EmBEEA S EE L TWD Z RS
Yl

T2 h, CWPO-C I DMEARE ZHIHI L. OWPO-CEREBINL & A —% 2 o @i EE AL 2N KAL)
LTWAIZ e CWPO-ClTA—F T v 2RI THZ LT A—F T VRELa fr—L L,
i 2 HilE3 5 ATREME D R S T,



LIREE (0=
SRES (0710 1 (FER)  CWPO-C BRIFE B RO VMR s L O g v

CWPO-C FE B & WT: BFZEY . OF9, 11, 12, 13 : i@ RIFE LA

ﬁ B ﬁ ﬁ ﬁ

OE9 OE11 OE12 OE13 2 ;" 1 cm
- —
[ - e s == g ._’
i i I » - \
! I
ﬁ X2 (kX)) : vaA XF XFESEMERRD CWP0-C FEERLENT

E9 OE11 OE12 OE13

IXE (n=10) (pCWPO-C =+ GUS & T e th) 72 o JRFRALERRT, 45« JEE
SLPR%

2. vaA XFXFNE A DER
A v R—/L-3 - (IAA) 1%, > aAf XF )
EmRICR b2 G ENIMMELE A —F
UTHAHZ END, CWPO-C BREITEEA L WT cD
WA TAA EZ v a A X T X FOEM BN E & )
7‘\_0 =200 |
vuA X F RSN ClE HIICBWTRS 1A | £
DEBEICFEELTEY . IRWTEPR, K58 | -

mWT mOE11 = fEiOE11

3.00 r

IAA, ng mg™t FW

!

’ OE11 Jui#hOE1l

L

@1AA/;;%I“7NEﬂa®4: SEEEEIE L CWN L Fh |
WX LT, A X+ XF CWPO- C 108 )78 B A
OE11 TIXTAZE, Zrhde, ZHIAWF L EICE R S S

WTH WT &l LT IA EERREXIETFTLT
WD EDRHERTE 7 (13), OE1L TIXCWPO-C | [ v rA XFRXFOmarlings IAA &
NEFITEFEICEELTBY . WTFhOENL
[ZBNTH CWPO-C 12 &2 TAA D REABE# s |
: 5 : <‘:“C\ IAA %EﬁS%L< {ﬁ/}\ bf:k%i mWT wmOElIl wmOE1lkilh
BID, ORI, CWPO-C 1A —3F > (TAA) z
R TH LT A=V (A EEZ o
fr— L, EZHIE L TSRt 2 R L
TWb, £72, 0E11 &JEHh OE11 ($83k) Z kg
L7-&Z A, OBl &hmg LC, JEll OE11 5
I TAA REDESREICE THA LTS 2k i

PHERTX 7= (X3), B OELL 1X 0E1L LV % T3F R EEH

S HICEEENEL (REOWHIN 0E1L Lo b . B S o i =
F X MATUND S B2 BT D, K4 aAfXFXFTOENNBINAE OxIAA &
WWNT, 1AM OFEe T4 S5 gk Al
TAA (OxTAA) DE & ZAT> 72, OELL TIEWT & Hlg LT, EDOEALITIBNTEH OxTAA JRE DTN 2
ERNHALMERD (X 4), CWPO-C 1% TAA % OxIAA LIS OB ZE W92 Al BEME. & 5 M T 0xTAA
MW E BITF DO 0xIA-Glc 72 E OSBRI SN TV A HREMEDRE 2 T,

oxIAA, ng mg

3. Uzmr e F v bk CWPO-C & TAA & OxIAA @ in vitro Z5#

CWPO-C (2 & D TAA DEHL % fEGRT 5 72T rCWPO-C 12 & 5}§W%??omi%% RT : 4. 24 min
ice—2 (kaw 1) P8 (K5 ), KOG 120 min 705 360 min [Z#%ET 25 & RT :
14.86 min fHTIZHT7=72 8 —72 (L& 2) DSEHABRICEIZE Sz, OxIAA OFE 5L % RIS ToMT
L72& Z A 0xIAA X RT:5.76 min & L CHI Z &2 5, rCWPO-C 12 & 5 TAA D EZEHM) I 0xTAA
TRV EbER SN, LAY 1 OAEITE | BUGBIEHRIECMICAR LTz, SOGRERE2
i LAbEY | OERDMEIE L7z 120 min AR, ROSKER ORGEIC P MEE ) 2 DA IR
W7ol (M5 F) ZOZENDL, ALEM 2 1HMEAEM 1 OSBRI EHRWETHDH = az»a@<
TR ENT-, TAA DEHULAEY 1 LA 2 & LCMS 2 HWT AT MUIIT 2 T o T fl 8. 25
AW 1 OfEEIZ, K6-AITTRT, 3-8 REXRI AFLAF Y A F—, {LEW 213X 6-B
R, 3-AF LA FR A R—=LEFHEL



é %L:\ [a*%@}iﬁ;%{q:? OXIAA L\_‘/)l/ \»’C “ HEIAA RT:11.53

BERRIS AT 1o 08, < BERm by || sseam o
RN LD CWPO-C (T2 &K D TAA—0xTAA ~ | | fso:::
DEWIIRE = 57 oT-, T, OFl IC ' At age
515 % P Ox M 0% LT I3, OP0-Cle | - \ 1 somn
Y oT 1M BHOEAY~ERS - b \ ‘
RSB & BT L7 T e

Time(min)

mV
N
3

4. CWPO-C A — Y a VEET AtPrx71

. s s | BB rCWPO-C I X % IAA 0 in vitro Z 4t
VEARXTAFTHRRONSNAVA X VT —CT | g AN SRS AR HPLC 2 0~ 7 5 1

HAHAMPrx71l X7 0%, a=7= U7 )L
a—, FEATINa—), YU TR e—, DT

OH
DT A DY 7 = A TD R o <0 2 Fre
ARETH Y . RN CWPO-C LB THD Z &, o 0
F 77 AtPrx7l FEBEAL & CWPO-CHEBLEL A EEEL L Ty N N

B LD E IR ED 7 4 ThD L EX w ®
ST, LIT, pOIPO-C 2 GUSTEROETIEMERT | me gamiweranz @ogremss
% DFRBIEALE pAtPrx7] =t GUSTEWIWRD B ) MERT]
e DORBUENL & el L7 fE R (K 7). K 212077 OIPO-C DFEBERALEFIF—E Lz, & 51T,
WT O S JEMEFRERICIS T D AtPrx7] OFERPRELEIL R CRE MU= Z LD AtPrx7]
BT BB I D Z LA MER SN (K8),

5. 77 U —AbAWDOFRNLTNEME CWPO-C DEEE
7 =7 U — LA, R
EUERERT D H =ML EWRE L
LTHEEENTWAILEMTH D, ~ o
= Z TR TR, DS AT
LB TH D7 =7 U —{bB&n
A XF ;7SI AKREY T
bom7 7L tedLend 0 K7 : 1 TﬁEﬁlﬂ APn%ﬁm
N B YAEAXFX RF D AtPrx AL
ARl B T L
Bl RN CWPO-C 5T 58
SMERLHCT D EEHAME LT, K 10
7Z L CWPO-C R R HL > v A X F XF 15
OE11 127 =7 VU —fbEa b5 2. DR
T2 fRAT LT
(D) AT Z1Z%t9 % FCs D%k
RTTZOEGIFITATED FCs ZIRM LT

1
REFFREICBIT HRED R ERER LT, 0.5
FCs #EFMN & it L TA RIS EF A % I i I 1 -
EEL7-DIF 1 uM D AICA DI~ TH - T-78, 0
TH3E

ZTOMREDEL SIFEREVEO TR Je B 15 E S
ST, IRWT, RNT T DOWNAE FCs DE =R RS : v 04 XFRFEAEEBOAPKTIENAEE
??of:fﬁ?%\AHX L AOH @Egigg%mﬁaﬁgg EE L EUENIER], ke EELEE
THERENTZ, LR SHEOY v A XF X FNAEFCs D 1/5-1/10 B UIMEELRNZ &
B SN o,

2) vaA XFAFITxT 5 FCs D%

A XF AT UT B L OCWPO-CiBFIFEFAOELIL ICAOH 2 5- % AR VE U NEM 2R LT-fE 5.
WT OFEXRICHBWT, AEIC AOH O RERAEEN R NBIIN T REDORREIL 10%ARH Th D K&
TARERS I REL L 2o 72, £72. OEll TIHABEETAR LD NIRRT, RWT, YaAg
XFAFWNAE FCs DEREIToT-AER, ZHEFTIL, WT & OE11 #£(2 ICA ONEEN L -T2
23, FHREECIE OE11 0 AOH OPNAERIL WT LR L CRIEIZD o Tz, A XF AT
575 AOH O FSEAREERN E 72 & TN WT & 0E11 PN AOH OFE 235 . CWPO-C 1% AOH Dz
B 5+ AHREMENREZ 2 bz, £/, rCWPO-C & 7 =7 U —{b&W%E in vitro TGS,
rCWPO-C 12X D7 =7 U — (b &M DEHIENE 2 Hed U7 FE S, AOH & AICA ICABIEMEN R S
Too 2O EMBE CWPO-C 23 AOH Z F b L, EDIEHZITHIHT & W O AIRBMEIL A E - R 22,

J T

Relative expression




FEORE (cm)
o —_ N w = [$2] [e2] ~

I m2weeks  m4weeks
Al10

OE1 RNAi1

6. RNTTORE « MEIZxF9 % CWPO-C D548
(1) R 7" Z R #a R (CWPO-C IR BUA, FELINHIA) DT
CWPO-C D RIFEHLIA IS L O BLINHIA
(RNAi B LT T R) O R
R (WEEHEDORRAEDR) 1%, E
D1 ERRD TR T2, DT LI,

CWPO-C NIRRT T D434l « AT DN T

VT 4 kBl zHoT s Z &% i

RBETHHDOTHD, BIE, ImFEPEILA i

174 (CWPO-C FEEEIL WT DF 30 i

%) BEIURNAIZ TA v BLOT Tt W \\ R \

VAL IALIHLNTHY , R W1, L BB RNALAA S

IROVER & Mkt L 72 DS SRR 24T > 7=, AL0:T > F & > REPHIfE
WRIFEHL L T4 L DBDOBEFERT

5 D0, BEPFEIUROREIINT &R TRS (K9), 2R (M o NbR 4TS
) ORENEETHD, 2D LI, CWPO-C NRT T DAL eI BB e 1 E & 57
LTWDHZ LSRR LTS, N7 T OTAEEZYIWN L C7 BREIIE, [IZEOFRAENBAE L, Al
IR CWPO-C BRI N, sk A XF AT 2 HAWEERBLIOR T T %
W= FEBRCTlE, BRI —F V VIRBEOR W E PRI D E & CWPO-C FEENLN B
<—FHLTEY, CWO-C EWNEAS—F v VlENCIEF B2 BRFET D AlRetE 2 Re L
776

(2) K77 OEIENEISE & CWPO-C

R7T CWPO-C EFIFRBUADE S JEMEIGERBR CIE, EE B2V BFRIIE WT o 1/3 L8 7Y
(WT, 16 RS — 1B RIFSEBUA, 5.5 BEf) . 7 o F & o AHEIA TR X 2BVNTRD LR o T, &
1A X R IEEPEBUA 011 CIXR SIS RIEICEIE (27520 E) LThh, <825k
B L UCBINTZ, AT T CWPO-Ci I BUARCTH v r A X XTI i 5 anpo-
CHBUIIEFITRZ W s, BEHEMEE OWPO-C 1ZHR< BIE L TWA DY, M OEWDJFA
IIRHTH S,

(2)R7Z7 DINA TAA JEFE% WT & CWPO-C

T B T L U 7R 3R, BRI BT

(FHIRHCOE PR TWT XV 1AM BAMET 015

L7 (K10), gidofklc, vu A XF X mWT ®=OE

F @ CWPO-C B FIFE BUA CTILNA TAA JREE

BELLFD LTWER, RT I8 0T

I WT LR BUEOEN T v A XF X
FTOHEIF EBEIIIEZEN o T,

IAA R4EIAAE (ng/mg)

ST MS BS
10 K77 DREIAAE
WT, OC:CWPO-CEFIFIRIE




1 1 0 0

Takeuchi Manami Kegasa Takahiro Watanabe Atsushi Tamura Miho Tsutsumi Yuji 131

Expression analysis of transporter genes for screening candidate monolignol transporters using 2017
Arabidopsis thaliana cell suspensions during tracheary element differentiation

J plant Res 297 305

DOl
doi.org/10.1007/s10265-017-0979-4

CwpO-C

69

2019

Yuji Tsutsumi, Jun Shigeto, Hiroki Honjo

Generation of lignin polymer models via dehydrogenative polymerization of coniferyl alcohol and sinapyl alcohol via plant
peroxydase involved in lignification and analysis of the resulting DHPs by MALDI-TOF analysis

29th International Conference of Polyphenols

2018

Diego Yoshikay, Jun Shigeto, Yusuke Yokoyama, Yuji Tsutsumi

The contribution of CWPO-C to primary stage of plant growth and organogenesis

5th Symposium of Biotechnology Applied to Lignocelluloses

2018




2018

(Kawagishi Hirokazu)

(70183283)

(13801)




