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Cloning and functional characterization of key enzymes

in octadecanoid pathway of Physcomitrella patens
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Jasmonic acid (JA), which is a well-known plant hormone involved in defense
signaling and developmental regulation processes in plants. It is a ubiquitously
occurring lipid-derived octadecanoid identified first in Jasminum grandiflorum oil. JA
is biosynthesized by octadecanoid pathway started with free polyunsaturated fatty acids
mainly a-linolenic acid. It is then oxygenated into 13-hydroperoxy octadecatrienoic
acid (13-HPOT) by 13-lipoxygenase (13-LOX) and the 13-HPOT is converted into
unstable allene oxide (12,13-EOT) by allene oxide synthase (AOS) followed by the
conversion into (9S,13S5)—12-oxo-phytodienoic acid (12-OPDA) by allene oxide cyclase.
12-OPDA is reduced into 3-0x0-2-(2’-(Z)-pentenyl)-cyclopentane-1-octanoic acid
(OPC-8:0) by 12-oxo-phytodienoic acid reductase 3 (OPR3). After the three steps of
B-oxidation, OPC-8:0 is converted into (+)-7-iso-JA, which is simultaneously converted
into more stable (-)-JA. The overall JA signaling pathway in vascular plants has already
been well elaborated. However, a little information is available about the JA
biosynthesis and its functions in bryophytes which consist with liverworts, hornworts
and mosses. The moss Physcomitrella patens became the first model bryophyte since
recent completion of its genome sequencing. In contrast to flowering plants, P. patens is
consisting with substantial amount of C-20 fatty acids and utilized predominantly for its
oxylipins biosynthesis. Because of these interesting features of its oxylipin profile and
key evolutionary position between green algae and flowering plants, the present study
was started with the objective of tracing the putative octadecanoid pathway of P. patens.

Two putative 40S sequences were identified in P. patens genome and heterologously
overexpressed in E. coli. Only one PpAOS recombinant protein was purified in soluble
form and analyzed the activity by reacting with 13-HOPT. The products were analyzed

— 287 —



by GC-MS and the presence of a-ketol and racemic 12-OPDA were confirmed. The
optimal pH for PpAOS1 activity was determined to be pH 6.0. PpAOS was reacted with
13-HPOT and 9-HPOT to determine the substrate specificity. Similar to the flowering
plant 13-A0Ss, PpAOS showed substrate specificity to 13-HPOT over 9-HPOT.
Enzyme kinetic analysis of PpAOS1 was performed with 13-HPOT and 9-HPOT as
substrates. PpAOS exhibited higher Ve value for 13(S)-HPOT over 9(S)-HPOT,
indicating that PpAOS is specific for 13(S)-HPOT. Six putative OPR genes were
~ identified in P. patens genome and designated to be PpOPRI, PpOPR2, PpOPR3,
PpOPR4, PpOPR5 and PpOPR6. Amino acid alignment analysis indicated that
PpOPR3 was the only possible candidate involved in JA biosynthesis. PpOPR1, which
represent sub.group I, and PpOPR3, which represents sub.group II, were successfully
overexpressed in E. coli. For the functional characterization, recombinant proteins were
reacted separately with 13-HPOT in the presence of recombinant PpAOS1 and 1mM
NADPH. The products were analyzed by GC-MS. PpOPR1 preferehtially reduced
(-)-cis-OPDA into (-)-cis-OPC-8:0. Interestingly, PpOPR3 also showed substrate
specificity to (-)-cis-OPDA over (+)-cis-OPDA, which is not a precursor of JA. At
higher concentrations, both proteins tend to reduce both (+)- and (-)-cis-OPDA into
corresponding OPC-8:0 isomers. Moreover, semi-quantitative RT-PCR analysis
exhibited that only PpOPR3 up-regulated by dehydration stress.

These results suggest that P. patens can not metabolize (+)-cis-OPDA further, resulting
no JA or its conjugates and this leads to suggest that JA signaling pathway might have
evolved after the divergence of bryophytes and other land plants from their common
ancestor. In P. patens, (+)-cis-OPDA itself or its derivatives might function as signaling
molecules instead of jasmonate. But the conflicting reports on presence and absence of
JAin P patens have been reported. Moreover, JA in P. patens was detected in the
present study as well. It is too early to rule out the presence of JA and its signaling
pathway in P. patens since all the homologs of JA biosynthetic and signaling pathways
are available in P. patens. Moreover, at higher concentration, PpOPR1 and PpOPR3
reduce (+)-cis-OPDA into (+)-cis-OPC-8:0, which is the precursor of JA. Due to this
ambiguity, further studies are needed to check whether P. patens produce JA at very

special environmental conditions or speciﬁc growth stages.
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Cloning and functional characterization of key enzymes

in octadecanoid pathway of Physcomitrella patens
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P¥ REVEE (JA) ZEEEDCBOCERBEEEOGE, HDVITHRESCH
BRI EDFIVELTH D, JATHEEEDCBNTIE, -V LUBE
HEHRLL, 75570/ 4 FNEEERTESREIND, o~V LUERITY
REHF—F L0XIZ L Y 13- (S)-hydroperoxyoctadecatrienoic acid
(13-HPOT) IzB{b & 5, FiT, 13-HPOT 37 L v A% FEREES (A0S), T L
VARV FRICBER A RP12-FF Y 7 4 MU UEBBTEER (0PR) DiERE
L7-BERDIEAIZ & Y allene oxide(12, 13-ECOT), (95, 135)-12-oxo-
phytodienoic acid (12-OPDA) Z#&T. 3-oxo—2-(2’-(2)-pentenyl)-cyclopen
tane-1-octanoic acid (OPC- 8:0)ICEz¥a XN 5, OPC-8:0 IXTFIZ=ED ﬁ‘—@
LE TR JA Th 5 (1) -T-iso-JA ICEBR SN 5, AR HEEY T
ThVcE#EL LTEERREZREZ LTV A EARROBEHICBITS
FEZIEAL, BBEEYICEIT S JASRORHREFRICEESND 2BHZ L
Z BRI R ZIT o 72,

AFRIZHWON-E AV Y HR T4 (Physcomitrella patens ) X EE
FIBRESNTRY , TORGBTFRIICL 0, HEEF LIz A0S, A0C TR OPR
Ba—RINTWBHZEBEEINE, TNWOEBERELETER270—=27 L1,
BRZEH U2 BROMKINEREZMIATEZ LICL Y P patens TD JA
EEMROFEEZHLMIT LI,
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1. PpAOS D7 v—=1\ 7 b HEREARAT
EXYYHRIT DT ) A EIZZED A0S Eﬂﬁﬂ@#&M&(ﬂﬂénto ) ()
A0S BEFE2Iu—=22F 1L, E coli. PTERRAIEL, FNO5H—H
(PpAOS1) % F[ESHE DR X PpAOS #1327 & LTHRBIL, 13-HOPT LGS E
Teo RINERYZ GC-MS AT LT=#ER. a-ketol LFIZTE Ik 12-0PDA %
FE L., AOS IEMEZFER Lz, 2B, FER (E@ pH. 6.0) D 13-HPOT RV
9-HPOT L (DR SEEE# ol U7 . 13-HPOT ( Vma21.4£3.8 umols™'mg™) DK
JEEEEEAS 9-HPOT (Vnx0.83 0. 05 pmols™mg™) & 0 F*o LBV Z EBFEHE N,
I OEEBRFMIIEIEEY O JA EBRICNTET 5 A0S DBREL —FT 5,
2.PPOPR @ 7 1 — =1 7 L S EBMARAT
4 ) 5z 6 {80 OPR =T (PpOPRI, PpOPR2, PpOPR3, PpOPR4, PpOPR5 %
" PoOPR6) DEHERHEELRZ, TI/ BETI54 A BIFLERE.
PpOPR3 DOAR JALARICEL A ITABERL#EEINE, ZOIIEOPRIZ(H-
B (=)-cis-0PDA % & HITHHY 45 OPC-8:0 [TBTTA Z &b, JABRROH
METH D (H)-cis-0PC-8:0 DARFRICEGETH L EZX b, —F5. IBOPRIX
(-)~cis—OPDA ZBIRENITETT 5 &b JA EASRICED S22V, 6 D PR
® 55 PpOPR1 (I BB TEERE) R OPpOPR3 27 —=22 L, E coli ¥ i@
FIFEFA S 7=, ## % PpOPR % PpA0S1 & 1mM NADH DFLET T ZEE 13-HPOT &
BOR ERER. FE8 L7 PpOPRL Tid (<) —cis-0PC-8:0 DFRE R AR L HER L
7z, PpOPR3 X, PpOPR1 {Ztb8E LT (#)-cis-0PC-8:0 ZEEAER T H, (-
EOERPESE Thof, BURR+AR2ED, E coli BROBTRERERIC
X5 (5)-cis-0PC £EFRDOEEBLTR VR Z LR TET, KISBRIRENLD 1T H
DFEBIZE L Ipd>o Tz, 7235, PpOPRS IZFLBEA b VA TEREEM LI,
DL AR % PPAOS] DEE®IRME, PPOPR3 iZ & 5 (+)—cis—OPC-8:0 R DHE
B, TRICARAERENESEL L THREICEDMEH X PpAOC 1T LD
12, 13-E0T 2 H D (+)-cis-0PDA DBRWEREORRSEREGDOED L,
BECHEY & A— O JA ARV EBEICHEET DREIEIIED TRV, 5%, &
BEICKBITS JADEBMKEZEIT T2 LI2L Y., JARBROHESMTIZEITS
EBLOBBIALMIEIND O LHFEINS,
L o THEEE—MIX. Sarathchandra Senarath Bandara 23+ (B%) O%
ST DI+ REEEE TS LR/DE.
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