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RIEFRZE—KEH > FARNRATED(Ce-Csy
FRAA) S AL T AT R AR AR PR, FE AR AR R
(Takeda et al., 1990; Cullmann and Becker, 1999;
Scher et al., 2003) & 4E & ) (Wada et al., 1992)+
VIR A 1 MBILA YRR n] 73 N8 KK FHRE
(AN). F5IEPUSZE(AT). —F IR H(DCO). —
RETLE(DB). AT AER(DBLL). AR R L
fis(DBL). Wk (FR)FIXUH: PO 2 (FF) (Umezawa,
2003; Teponno et al., 2016). A A& ALY H A
IR B HIEE (L et al., 2019). i (Céspe-
des et al., 2006; Favela-Hernandez et al., 2012) &z 15
fr(Kraus and Spiteller, 1997)%%. —te AR5 £ LI
IRBRAYEEE, 40P [ % (Bohlin and Rosen, 1996),
HED L 3= BT RE W] R 5 ORG R ) 52 BB AN IR
WAEMRRER K. WEARIERBEA SR EDEL,
W¥ii5 25 (Gordaliza et al., 2004; Allen et al., 2007).
PR (K R A, 1997; FENNIESS, 2006). i
Zft(Hano et al., 2017) & Hi#H % (Kassuya et al.,
2005; Zheng et al., 2014), X A\ {gBEAT ARG .
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KERBWEDET SHZANFHH O, B
P, AW 1 5 A S S5 R ) R Y A7) A G (Suzuki
et al., 2002). 41, Guo%5(2019)iid A M i 14
S0 K (+)-crataegifin B (ICs0=25.47 pmol-L™")%}
JH-9e 44 e Hep3B 25 14/ FH BH {2 3% T (—)-crataegifin B
(IC50=59.37 pmol-L™"); (+)-crataegifin Bif-5:4H fil I
TS HIME F B L (-)-crataegifin BEE {2 3 (+)-crataegifin
C (1C5p=34.29 meI-L_1)XﬂLHepG2?EHH@E‘Jﬁ‘ﬁf’ﬁ)ﬂ?i
T-(-)-crataegifin C (IC5,>100 pmol-L™"). Zhou%%
(2018) K Bk & W (+)-rasidasin [1HEYH 55 HL0,15 5 Y
Pl 22 B M, A L S Bl e A A (DA T PR X B A )
(—)-rasidasin 2G5 2 Z WM RIEH . A lEEE-
P& H-FA G % 38 7 i (pinoresinol-lariciresinol reducta-
ses, PLR)ZANE =AM E L B oCsE R, AR
PN U Al RTINS - AL DS i LN 1 A
(Umezawa, 2003). A&SCXTPLRTEANE R AED) & B
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(] SR AU i 20T AR PR RS VR AR 6 B At RE B oresinol, PIN). 7EH% & ik #2 o [5] i i AT fr B ik £
(region selectivity) fl 714 & % (stereo selectivity) (I

1 PLREARBEZEMERFIIER #1%, 2018).

I, AR LA g C i (). A PLRIE AP FA T IR0 — 5 25
18 21 2 BB 2 2R T B8 18 2 A i 22 26402 HE & DA R 1R, JB T NADPHK AL ik Jii
(IR A AT, B8 J5 FA KB 7E B2 laccase, Lac)fl B, e M A AR IR 8 AR 7% A4 IR 2 (1ariciresinol,
— K A A7 dirigentZs Ky [f148 5 2 1 (dirigent protein,  LAR), F¥ V& A4 R 2 5 AL R TR 38 S 98 A4 B &
DIR)FL[FAEF N RS G N, A REE (pin-  (secoisolariciresinol, SEC) (van Firden et al.,
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Figure 1 Lignan biosynthetic pathways

PAL: Phenylalanine ammonia-lyase; C4H: Cinnamate-4-hydroxylase; 4CL: 4-coumarate:coenzyme A ligase; HCT: Hydroxycin-
namoyltransferase; C3H: Coumarate-3-hydroxylase; CCoAOMT: Caffeoyl coenzyme A-O-methyltransferase; CCR: Cinna-
moyl-CoA reductase; CAD: Cinnamyl alcohol dehydrogenase; DIR: Dirigent protein; PLR: Pinoresinol-lariciresinol reductase;
SDH: Secoisolariciresinol dehydrogenase; UGT: Uridine diphosphatedependent glycosyltransferase
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2005). K% FUPLR{H 4k IX 24N 3% 42 1) 34 J5 25 B (von
Heimendahl et al., 2005). Tfi .7 7F (Arabidopsis
thaliana) " ) PLR 5 fe i A0 44 R I AR il i AR IR 2=,
IRl I 4% B Ol s i 5 34 JL B (pinoresinol  reductases,
PrR) (Nakatsubo et al., 2008). PLRIE {4 7% i
s HE 2 AT 20 57 9% A i 3R 2 6 AN [F) 2R 24 8-8" K JI
RN, EAERRI . AR T bR, AT AR
75 % DU S Z5 K I % 5 (Dinkova-Kostova et al., 1996).
YENICEEIETEARNE 2= A& B S8 1, PLRAVY
ALY N ST AR B TIER -2 W NSO R ENIpIZ
. (Umezawa, 2003). i1, iR 259 KWt
(etoposide) (1 Hi fA4k & 9 (-)- % F1 % ((-)-podophy-
llotoxin) (Stadler and Bach, 2008); FTA7J7 iR
A 8 P 5 95 1) I JRK K By 3 ((+)-secoisolariciresinol
diglucoside, (+)-SDG) (Calado et al., 2018); EA i
HEFEIE I B K R ((-)-yatein) (Kuo et al., 2006); &
BYURBEDR I BB E TB (clemastanin B
(+)-LDG) Al (+)- ¥& M- #2 fig & -4-O-p-D- i %] #&
((+)-lariciresinol-4-O-3-D-glucopyranoside, (+)-L4G)
/1L EYHHIPLRER

Table 1 PLR genes from different plant species

(Chen et al., 2021) (1), IEPLRIELR K LN A
JEZ A& A EEE . AyellaZs(2007)7E /M
(Triticum aestivum) 1 5 5 % 14 4> £ 1% ¥ (Forsythia
intermedia) " [ FIPLRZE [A, f# SDG [ #4 & {2 3 1
fn. Xiao%%(2015)7E #4 i (Isatis indigotica) & IR A
A RIENPLRISE DY, i 9% i F2 iR 28 7 s B 2R R
6.31% - SDG A& IV Bk (Linum usitatissimum)Fh 57 /1§ ==
BRAE K, Renouard:(2014)F] I RNAiF A R i 1E
JBR A ¥ LUPLRLEE [X] ) ik, {3 SDG 1 #1 2 S Jai] Ik
b . Hemmati%s (2007) K - RNAIHE A T~ 1 15 R E Jfk
(Linum perenne)BRIR FLpPLRIZEH (R IE, T
BHRAE KB (justicidin B)IF R iIE75% . %L,
PLREAMG R DG K BAHEHEEH.

2 HEHIPLREER = ERFFIISH

TP PLREE PR i FLAE g & R h ok I JEEEK, 1E
FUFE T+ A TE DA K I JBR & (Linum ) A8 4 45 v 25 4l .
XY I PLREE AT IC A (R 1), BontEfEd

GenBank

cDNAK TR 5 HE

=Y i FH A FR P % (bp) K% (bp) SR
& $hi% 3 (Forsythia intermedia) FiPLR1 Us1158 1047 939 Dinkova-Kostova et al., 1996
U7 7T (Arabidopsis thaliana) AtPrR1 NM102944 1129 954 Nakatsubo et al., 2008
AtPrR2 NM117440 1206 954
¥A 1 (Isatis indigotica) liPLR1 JF264893 1062 954 Xiao et al., 2015
MEJBR (Linum usitatissimum) LUPLR1  AJ849359 — 939 von Heimendabhl et al., 2005
LuPLR2 EU029951 1203 993 Hemmati et al., 2010
I RR (L. album) LaPLR1 AJ849358 1482 981 von Heimendahl et al., 2005
FEERR(L. flavum) LfPLR MK599138 — 975 Akira et al., 2016
KPR (L. corymbulosum) LcPLR1 EU107358 1244 948 Bayindir et al., 2010
TEHR PR (L. perenne) LpPLR1  EF050530 1145 945 Hemmati et al., 2007
Bk )Lt (Sinopodophyllum hexandrum) ShPLR EU855792 983 936 Wankhede et al., 2013
7~ ff1 3% (Dysosma pleiantha) DpPLR KJ000045 - 933 Kuo et al., 2014
1L+ #1(Thuja plicata) TpPLR1 AF242503 1190 942 Fujita et al., 1999
TpPLR2 AF242504 1151 939
TpPLR3 AF242505 1308 945
TpPLR4 AF242506 1287 939
&5+ (Taiwania cryptomerioides) TcPLR1  MG264424 - 975 Chiang et al., 2018
TcPLR2.2 MG264425 1138 942
TcPLR3 MG264426 1102 939
11 %% (Camellia sinensis) CsPLR1 MHO037247 1325 939 Wu et al., 2019
CsPLR2 MHO037248 1126 939

— K%1 — Unknown
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HFPLR I &= N 1-44>, FF 7B 132 4E (open reading
frames, ORFs) K J¥ 5933-993 bp. HESPript 3.0%%
f£(Robert and Gouet, 2014)%} 245 LhfE 4 IPLR
T EFAT RS T I XS, 0 SR A SR
[ PLR = & 45 4 303k 47 L Xt (B 2), R PLR A
NADPHK IR IE S5 Mg, 14 5 &R 57 FINADPHEE &
FHFGXXGXXG.

3 PLREYE4IFXTBRARHTIZZEM
K2 B PLRAEA 25Hb A4 A i 71 38 w8 i 2 43 0l it
JR 3 FA IR R AT IR RIS A G 2R . SR1, PLRXS
T R T AT P A R 3R PSR AT AN A ], SR IR
Yk EEYE . AL, Y I PLRZ R I A Tt
WeFEE . PLRIENIE IR B AL 2B SE I JR R S, [F)
I 2 18 1) s B A R i 2R & B RN AR A D iR
Y, MNP S AN TR DR I AR IR AN FEPLR
iz 51 R I L, a0 R fFEPLRAA NE B AN &
A IR 3R 0 IR aze 8 1k A0 A4 iz 1

Nakatsubo 5 (2008) A 1L e 7 rft 45 52 I V1R 172
ANPLR 2 [A ——AtPrR1 fll AtPrR2, i K i #F B
(Escherichia coli)il] #% [ 25 2H g 3F 47 1 41 Bl v o
R ILAPTRAXT A AR e 1) 4 A0 5 T 2 T AL IR 3R 1 35
%, TAPrR27E 0 & 1/ J5 A7 A e 6 1A s 2108
JE BT 3R S i I RA IR 2R, 3R T AtPLRA/25% b I 55 2
T A R R AR B o T L A I PLRAE A 250t
W0 T T 0 9 A8 I 3R 0 3 SR Ry v e s T 2R RO
Wik Fa iR R - Bk, LR T2 PLR# i 44 AL
felE i R B (PrR) (Umezawa, 2003). It4F, AtPrR1
AR ()-8 HR TR (=) -4 PRI 3 JER D (+ ) - A8 i
RBA(-)-FH IR, HRAMUMs 28 m
AtPrR2 I e H4 (-)-Fa R B IL J5 o (-)- T A R R, &
AL HH P X R A4 B 5 14 (Nakatsubo et al., 2008).

WFFE R I, R0 0 PLRAT DL £ M (AL (+)-F4
JI T R0 (+ )= P8 i 2R 20 2B s (+ ) - AR IR R A (- )-
TP AR 2, B AL (—)-F i e ()= A
I 2R 70 0l A RS (= )-8 R I 3R A0 (+ )= T 34 e A IR
BRI — R SE ST R B o FRATTRHHE A PLR (6 A
P REAT TICS (EI3) . i AL (+)-FA IR BE—(+)-
T R IR 31— (=)-TT 3R e v AR IR 3R S B B PLR AL
FiPLR1 (Dinkova-Kostova et al., 1996). LaPLR1 (von

Heimendahl et al., 2005). LcPLR1 (Bayindir et al.,
2008).LuPLR2 (Hemmati et al., 2010).PhPLR (Lau
and Sattely, 2015). PpPLR (Kuo et al., 2014).
TcPLR1. TcPLR2.2. TcPLR3 (Chiang et al., 2018)
J2CsPLR2 (Wu et al., 2019). H:#, FiPLR1.LaPLR1
(von Heimendahl et al., 2005)F1LcPLR1 (Bayindir
et al., 2010) B A AHBAAT 9, IIDLSEIRFE(+)-F2 g HE
TENIRY, H(+)-FAREEE A A N (+)- T HHFa g 3=
HA A0 MEPLRIN 423 A2 B (=)- T 34 57 9% 44 i
3 LUPLR2MG (+)-FA T 4 B AL h (—)- DT 34 S v
AR, A IAMA+)-E R IR R R, R
X (+)-F R IR 2 B AL R i T (+)-F2 IR % (Hem-
mati et al., 2010). Tl - A (=)-Fa B B — (=)-T5 '
FA i 3R —(+)-JF 3 53 ¥ AL 6 2 10 1 2 AtPrR2
(Nakatsubo et al., 2008)#ILuPLR1 (von Heimendahl
et al., 2005). FH1, AtPrR2 H GE M 1k (=)-#4 i B A= ik
(—)-7% M-FA i & (Nakatsubo et al., 2008); LUPLR1%}
(=)~ AR T B A 28 2R O v T (—)- ¥ A2 IR 22 (von
Heimendanhl et al., 2005). 277 [ #4 AE {40 ) 3= 2
A AtPrR1 (Nakatsubo et al., 2008). TpPLR1 (Fujita
etal., 1999). TpPLR2 (Fujita et al., 1999). CsPLR1
(Wu et al., 2019)MILpPLR1. 1, TpPLR1EF(=)-#2
JE WS4 TR AL 9 (+)-TT IR VR AR TR 2R, 1A Hh [ 44
(=) R R IR R, R (+)-Fa g B 3L I (+)-7% 1
AR, (EHANBEGR B (+)-V% i Fa IR 38 SR N (-)-IF
A E R, B (-)-v& L 3R LR &
T (£)-Fa IERE; TpPLR2AT (+)-Fa IR EE AL 3 4000
(-)-FABEEE 7 £ (Fujita et al., 1999), (HASREH (-)-7%
- R AR N (+)- T8 7 3 R G 2% LpPLR1TAT LA
I JEAA N T AN 1A R 25 0 AR, ARE )2 LpPLRA X}
R I T A I s I 2R AR L 52 e A S e i — 1k,
BV AIC o 38 6 (+)- ¥ I I A (=)= A IR 3R AR DR TR
(Hemmati et al., 2007).

FIFMEGA 7.0%4%(Sudhir et al., 2016)% A~ [
KIEHKIPLRIMER G K EM(E3). RGEKE TR
B, PLREY) SO0 WKL £ 5 LA b 8 A EL%
. B, Eik—b 7R AR A N AE L] 75
ZMNFHTPLRIE A2 AN T ) PLRAHE
s I S BUAR R ) o 5 R SR ROR R R AR R A =
7 (Umezawa et al., 1991; von Heimendahl et al.,

2005); [A]BiX L PLRYEAS [FIHE ) 45 B o Rk K7
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LuPLR1 |- AIKEAG! .
SHQ AIKEAG P SEF G DPESEIBIpN i
t;ﬁtﬁ% Ho|T I AIKEAG P SEF GHDPENIEIING
i AIKEAG .
tpgtSJ Hol BAIKEAG P SEF G DP RS IB(E30
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TcPLR1 121 | AIKEAG P SEF G DP RIS
TcPLR2.2HH |V 1 AIKEAG!
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Figure 2 Comparison of amino acid sequences and secondary structure domain of PLRs (GXXGXXG: NADPH-binding motif)

S NI EEN

(B AR B = AR S . 540, LUPLRAYEME

R AR AR T HP % 1k (Renouard et al.,
TEFP R B R (+)-SDG; MLUPLR27EMFIZE AR A4 T AR R B EWIEE YA N W25 50 A

2014), K

iA(Hemmati et al.,
ein (Corbin et al., 2018). # 7T PLR#%} e fdid £ 14

2010), 7EM- = H(-)-yat-
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PIN LAR SEC
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Figure 3 Phylogenetic tree and enantioselectivity of PLRs
in plants

PIN: Pinoresinol; LAR: Lariciresinol; SEC: Secoisolaricire-
sinol. On the right side, specific forms of enantioselectivity of
PLRs in plants to pinoresinol and lariciresinol ( / indicate no
catalytic activity)

FACHHAURHE SR AL T B RS

4 BETEBREEHBITPLRELHLE

PLR ) 38 43 11 0 X6F e A% 308 36 8 1) 40 - ML) — B2
HEPL AU G . JTEER, SERIEMERIR
JE M KM HER] T 5T 8 B d A 45 M R AT PLRE 4 ik
BEVEI 7 FHLHIEE 5T

Min %% (2003) 3k 73 7 TpPLR1 [1) 5 A & 14 45 #)
(PDB IDA1QYD; 4 #% ~2.5A), TpPLR1 AN %
e, R TR N69.9+0.4; B L5 24> 451
SRR, 43 A 4 B IR NADP™ 45 & 1 N- 2K i 45
P A0 5 SR 45 4 TR C- R i 25 30 o 0K TRIN- AR 3 485
MIAETAFATHIB-T 2, EA16 -8 et B
TR B oh, FooR 4 e N-AR i 1) 2 5 IR 2H A« 52
ZIN P C- K ity 45 R 380, 8 24N ST 1 B- 9T B R AN e/

o-uRTiE, NS RIS A A % . TpPLRATEN; 5
14 B-a-B L JC 1 & A 58 4 R 57 [INADPH 45 4 2 7
MGXXGXXG™, M4 £ 1048 Ji LK 3 23 i /K
RAERR, 20 B-HE M2 a- M8 e K. SRS &AL
iR T HEAL, Y5> T 91 MNADPH I M BE A
2 ENADP™ 45 & (& SR VE 3 A Tyr15. lle16. Serd1
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(F)-FFAR TR AR R, A (+)-FA PR BEFE AL R (+)-
I RANEER; CSPLR2UGEFEMEHUME AL (+)-F4 IR B (+)-
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AT (+)- T4 A P 2% P A2 A 1 2 35 PRI, C169S 5%
AR ()-8 JI T (+ )~ W IR 2P0 A4 A 0 2 2R
N S PLRIE Y I R (1 45 M B R AT TS T —
Set R, (H 45 MBI A RE e A RN BRI AE
B, A= BSR4 -

Xia0%:(2021)35 154 1 lIPLR1 (E4A). AtPrR1A1
AtPrR21E H i 1A %5 1) (PDB D43 5 5 7CS2. 7CS9A
7CSG; 7 #iZ%4r5182.69 A, 2.80 AF12.00 A) Jx'e
13 55 Bh R T YR =455 1167 ik 45
. lIPLR1FIAtPrR/2[f) 45 ¥4 5 S i 43 1 TpPLRA
[F 24N Sk AR I — SRR B, AN BRI £ B N-
K 3t INADP™ 45 & 15 (NBD) 1 C- 7K 3t ) JE& ) 45 &5 15
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XXG, 2/ G5 F 3 (A A KM . 7EIIPLR1 25 A 2514
H, o10-URJiE 5 AH AR S A b (1 B2-FR 3L [F]) 2 5 R 45
4, Val46. Ser98. Met125. Phe166. Tyr169.

Phe170. His276H1Phe277/ZliPLR )¢ i 1 A7 5
R (K4B). lIPLR1IVABA AR (A M AL FA g B AE
BT R R 2R R i, TR VR RS R E AL

NFEIR T V&M FA R R I RCR B35 PR . X ERIIPLRY

NAP_+PIN (PDB IDN7CS4; 7% 52.31 A)Al
AtPrR1/2_NAP_+PIN (PDB ID;7CSBHI7CSH; 4
P 2.00 AFI1.59 A a2, R LR4-H1E
IPLR1 #2276 AtPrR1/2 H 52 I 11
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WIEs A IS, 38 L His93 ATHis97 43 %] 5 a5- 12 ie
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Arg95 5 NADP" LA J AHAR HLAA - ffIGXXGXXGHE ¥ I
a2-UR e B A R ZU AR ELAE F, B4-HA 1] AE 5 PrRIVR
VG FRPEAR DG BT P H1 L R, X 3AMPLREE

A Mol-B Mol-A

~ e ~
Qa}\i o e &

\39,7 sy ©A
SBD y. ij \

«

B4 liPLR1_NAP_+PINZE [ St i 4544 (A) MR 455 IR 4115 (B)

1) B4- 14 BT 5 L (14 2 B 1R ke 2 1+ 0 AH AL, R A lIPLR1
i) B4-2£ () Ser98 /£ AtPrR1 /2% N A B 4l 5 ¥ Asn98,
2% [ A5z BEL A 486 4 AtPYrR 1/2 7 B4-31 42 5 52 S FR 41,
T SZ IR NS PR . AtPrR1FIN98S R A%
R 0 T8 T IR 3R 5 A O T 3E S T A IR 3R I R
P, AtPrR2I\NIBS RAAIRTT | #v& I #A Sl R ik
JE R FEER e R IR R IRIRE 7T

IS X PLREE I b R 4514 ) AT, Xiao%H(2021)
Wiz HPLRAEM R B FE . Bk, PLRZH A
) AR G I RIS 1) BA-FR 45 A T S INADPH.. 24 )5,
FANREE S o — AN AR R 25 & DS SE G, —A4
R T AR 8 ;b I 4z 52 ANADPH B TR H
W FRTEMAA R R, JERI. BEJS, WS IvE A
B Z M ) — ANPLREAR LS & F 4l AH AR A ] 5, 38 5
NIRRT R IR =R . SPLRAHLL, PrRsXf
T I RA I R 4G A BER T NP AE, DR b DA s 28 A
R ILINIEF

a: a-#R5E; B: B-HT&. NADPHRI+PINFKIHEIRES 73 Jokes (A3 £ N-3iti FINADP™ 45 £ 45 (NBD ) Al C-3ifs IR 1 45 5 1(SBD) 73 il
REROANE O, HELy+PINS H ] BIE R 2R R T RE A7 A 2V T, Mol-ARIMol-B o4 RV — B8R 924> k.

Figure 4 Protein crystal structure of liPLR1_NAP_+PIN (A) and detail of substrate bonding groove (B)

a: a-helix; B: B-sheet. NADPH and +PIN were highlighted in orange and yellow, respectively; the N-terminal NADP* binding do-
main (NBD) and the C-terminal substrate binding domain (SBD) were colored in light green and ginger, respectively; dotted lines
denote possible hydrogen bonds between +PIN and active residues around substrate; Mol-A and Mol-B are two monomer of

homodimer.
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Research Progress on Catalytic Characteristics of
Pinoresinol-lariciresinol Reductase in Plants
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Abstract Pinoresinol-lariciresinol reductases (PLRs) are key enzymes involved in the lignan biosynthesis in plants,
which convert pinoresinol to lariciresinol and then to secoisolariciresinol. PLRs are NADPH-dependent reductases with
substrate stereoselectivity. The catalytic products of PLR are the sources of different types of 8-8' lignans, and the sub-
strate selectivity directly determines the skeleton types of lignans, such as furano, dibenzylbutane, dibenzylbutyrolactone
and aryltetrahydronaphthalene lignans. Therefore, the catalytic and expression characteristics of PLRs play an important
role in the composition and biodiversity of lignans in plants. This paper reviewed the research progress on the important
role of PLRs in lignans biosynthesis, as well as its enantioselectivity and catalytic mechanism, thus to lay the foundation
for further study on the biological function and catalytic mechanism of PLR genes, and point out the direction for the pre-
cise biosynthesis of different types of lignans enantiomers through synthetic biology.
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