EETIVEMEYIBRRMR T ILRFY LBV =RV

SR-NEHERORRESETA

= LBTTAS T8 £mT2R LU0 16t

J-08

| Buwic

BRIFDECTHEERZRU BIIBRG CTRMT 3Ico. RIZANIOEAYBEEE O ROBEZTEECT 2HETH D,
LU BRINICEUCBERZRAR T 20EN G, BICENICHEZE I 2FTRBERDRERMTONT WV 5, (R, EXERER
FHEMRIOZTDT/ LNERNFICDIEREE TH oz, UH L. 3K E D2 EYTE,400H57EDS5. 15%(CHHH8T 22251
HEYFR. 78%ICHEE T 51, 100K TENEYFRICE L. R CHIR_ ED2EYEHDI3%Z EH TN, CDTEN S, BYPEN)
HEABREREEZSNDN INSHSERNLERRSNIc IR HMEYBEREDOLRBITON TR of,

“MIWVEBYMREERBEDLILT + VT TOvIELTHASNZEEX LEERMEGY TH I IR ZOEECERE. &
R LR DERASNCE . MEM D7 IVRF - RUJUIRES EDS. 77UV 7SRO TEAEICFIASNTLS = ML
RSI—BREDBELGEABRHNEHIN TSI BYEEHEEY TH D VAT OERICTIVRFY AP ZNILER - IR
BZEEIREBETN TV BRIV TORRIFEA TR Iz LEDTENS. BRORREF N RZENEL. FFET
VBB KOEHRBEMD 7 IURFZ AZEN U ZNUILP Z DL DER - RHHRISH SFTARBER DRI AERERIT S S OFIA
EDFEFEZIT O,

ECH T HRE

LB AT AICED B ZNILP ML EMDECHBREDA P A A IRUREDEHDEYNSRBHUIZ (K1) AIX
FRAYELTFBH TELLZbOEEY. 2-ZhOTIF IRV EVZEEER D ELTHRETDETNS. T2 Z)L7 A7 IUR
FY LAEMERCYP79D80& . EMHID — FOREGMESR CHHCYPILAI0Z R H UTc. CYPIAAIFEYICIL< 2L, fEfnBEw
KEBEEBERELUTHSN T Lz CYPOAAI0DRERER WK BR LG 2R T C & SOICDIEYHRCYPI4ADL ZNOE G RINZ
AR T D EZRESNCL Z OB GHERFBYICL< DML TVWD CEZRUIE INSZ T VRV AEBEREMEGED D
ETTP /B S hOEEYDHREBLEENTREICRDEEZ SN D,

OHO
Hq_| (o]
CYP71AN24 UGTESALT
CYP79D16 CYP71AT96 CYP71AN24

o CYP79D80 CYP77A59 / TNFS
L — O, — O — (T

2 “OH
-2 PS> IJIZIAFERPILRFSL JxTIFERZRUL (R)-R>FO=kYUIL HN\ o

@A”
CYP94A90\ + HCN
@ RIXPAFEER
oMo

(2-=rOXFNRE

B AEIDT IVRFY L= N IUEES
PRFICHIFBHAHHEL

EIEEM CTH DT ATIE. (R) -V T O ZEY 7 ALKERRIERGEL TEBL TH Y FBRESHIC(R) -YTOZh)Lee
ROFZZPIILUZ —EHNL) ZRE T BIET. V7 NEKREEANRE T B (K2) o CDXR IR 7 ML KERFREKEN 505
BUFRIICIRIESNTVEA PRTHNLOBER S FIL RN EFRHFATH Y PATHEREREL TEESNAIF BN
2o EOITEFEHN M E VNS L R Y Y IV ERTEICHEIR T 2 ENSRE T olc. T T BN —E D TAFLET 29K
BOVYUNIVN AV AT Z RO EMRIE Ulc Fle. I VN T AV ATFH BRI RZNTEERET S EABHEL.IN5D
PRT (Hkg) NPOHNLZRER T2 EICHINUIZ 4 SOICIAERIC RSN EFAED Y A T DFEERZ(TL, 511 3SFBOHNLE LT Z S
U BBERRAT 21T oTc VI NBBIAIDIBYIESRHNLIZIF TR DS /NI BEBRIEN RO SNV FTHE— s Za U, IFR
[CEEMIGHNLA Y 7 VRERD VAT (CREFEIN TV Fe. VATICBIF 2V TP VIRETH S (R) -X T O VESHESR



FHEREL . VAT LB E L DBIE TIRBICY 7 MU KERREICENOBREC T ZEE LI EERONT,
HNLIZFEAFRNTIE D 7 U ZEFHE T 2REZEIB>TVD N, TDOERIGVEFAL CERERBEDEE R M PEA CHDIFEMN
V7 ERUVEBT BHIEN TED, CNE THEMHRHNLAFOCHBS N TE oD VAT EERHNLZR W &Y 7/
ERUYDEREZFRFEUIC ¥ AT HFEHANLZ—RRIGEBHIRBEE CHDOABEBL21 (DE3) [CHBVTHR CERVEEICER
UTe ' PRTHRHNLO R IR IC B KBEHRZ R U, 618D P X T HRHANLZHIZ T 2 ZEICHI LI, TNOSDHIE
2000~3000U/mg&EBFHIDHNLZ B0 C_EODE WL E S  BNIHEEREZ R Uc. AGE CROEEEDSVSRU/N
NP RTHRPtoNSHNLZRBUCARIEEAZRWV T, (R) - T O NIV ZEFBABRIZEI7 6% TEET DT EICHIILICY

o]
=N
CYP4GL4 + H,0,
o ChuaMOxS CYP30008A2 CYP3201B1 MO/ ~
RASAWETPZ
I OH N‘ R N , \
2 “OH
L-II=APS=> JISAFERPLEES A JIZAFER=RUL (R)-T>FO= UL o
HNL O)L
H
+ HCN
AREZFPLFE K

B2. PRFOFIVRFY L-Z U JUERES
StEORE

JFETIVEMEY R DBERSBNUAEZR >CTL T RERIRBIICH T2 HEEMR(C IO TULANBFBLNELL I LN
B EFABRERCLTIFIERSNZCENL V. BFEESHRB U P ATHNLIC DWW, RBHRIRBE(CH (T2 EEM
DEERDEREEL THRINTWSEFZMICTR oI/ LB R K > CEGFIERZEITTL. FFET VBB HRER TH o
TH. BN OMEYBREREBRGL ANV CREAERREIAGEDBFERANTEZRE T D CHEENZI TR TED D
EERUGEET VBB ZH IR ERABRDIRENRET DR EEHFBLTNEZL,

& &F
AARIFE LRI RFERATOREEREMD F IOV 1IN BRZTEBEN TERB IOFRARZEGRERTTD

NZBHDTY . ZRBRTIEEZH FUIOEXBFRARELR (BLURIIKS) . RRFREZRELR (REAR) MEARLELE (R
BRZ) BRONBERFZIR (BLRIIKZ) (CEEHILBULIFET . &Ko HEIRRE PEEDBERKICREHPBLLIFE T,

1. Yamaguchi, Biosci. Biotechnol. Biochem., 88, 138-146 (2024).
2. Yamaguchi et al., New Phytol., 231, 1157-1170 (2021).
SER 3. Dadashipour et al., PNAS., 112, 10605-10610 (2015).
4. Yamaguchi et al., Sci. Rep., 8, 1-10 (2018).
5. Yamaguchi and Asano, bioRxiv, https://doi.org/10.1101/2025.03.24.645106 (2025).

biE

2012%F 3R JLBEAFAZER REREVERNFER BIRUFE 7T
2012%F 4R ELRITAY ERATOXEFBREMD FFOY IO BLiHRE
20158 9A ELWIRIIAF ERATOXHBREEDFIOITIN JIL—TFU—5—
2016F11A FURAZF £HRER B

2021% 48 EBRIAF TZE EMTFH B ERECED)




Exploration and utilization of aldoxime- and nitrile-producing

enzymes from nonmodel plants and animals

Takuya Yamaguchi, Faculty of Engineering, Toyama Prefectural University

Introduction

Nitriles are a broad group of industrially produced chemicals. Nitriles are used in fine chemicals, pharmaceuticals, as
well as solvents and are starting materials for producing carboxylic acids, amides, and other compounds. Nitriles are
chemically synthesized using highly toxic compounds and severe reaction conditions. However, the enzymes discovered
from microbial “aldoxime-nitrile” pathway are industrially used to catalyze reactions under mild conditions and do not
require the use of toxic compounds. For example, nitrile hydratase, which produces amides from nitriles, is industrially
used for producing acrylamide. Some plants and animals synthesize or metabolize aldoximes and nitriles; however,
these enzymes have not been thoroughly characterized. Thus, plants and animals presumably contain aldoxime- and
nitrile-metabolizing enzymes that have yet to be identified. These enzymes may have characteristics distinct from those
of microbial enzymes and may catalyze industrially useful reactions. We searched for and characterized novel enzymes
from nonmodel plants and animals (millipedes) to expand the field of enzyme exploration. We also used these enzymes
to produce nitrile.

The pathways in plants

We identified aldoxime-, nitrile-, and nitro-compound-producing enzymes in Japanese apricot, giant knotweed, and
loguat (Fig. 1)'. The loguat flowers emit aldoxime, nitrile, and nitro-compound. We identified two cytochrome P450s,
CYP79D80 and CYP94A90, that catalyze the formation of aldoxime from amino acid and nitro group from aldoxime,
respectively’. CYP94A90 also catalyzes the w-hydroxylation of saturated fatty acids. These enzymes may contribute to
the enzymatic production of nitro compounds from amino acids.
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Fig. 1. Plant “aldoxime-nitrile” pathway.

The pathway in millipeds

Millipedes accumulate (R)-mandelonitrile (MAN) in their defensive glands and emit hydrogen cyanide (HCN). Thus,
cyanogenic millipedes are thought to contain nitrile-metabolizing enzymes that are phylogenetically different from those
in plants. However, no enzymes have yet been characterized in millipedes. We successfully isolated hydroxynitrile lyase
(HNL) from Chamberlinius hualienensis and Nedyopus tambanus®*. We also cloned 13 HNL genes from various
millipede species and identified the (R)-MAN biosynthetic enzymes®. Millipedes and plants have independently evolved
cyanogenesis-related enzymes as these millipede cyanogenesis-related enzymes share no identity with the plant
enzymes.

HNL liberates HCN and benzaldehyde from (R)-MAN in millipedes. HNL also catalyzes the reverse reaction, the
asymmetric synthesis of chiral cyanohydrin, which is a building block in the synthesis of pharmaceuticals. Although
plant-derived HNL have mainly been used, we developed a method for synthesizing optically active cyanohydrins using
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millipede HNLs. The millipede HNLs could not be expressed in Escherichia coli BL21(DE3), a common heterologous
expression host: as such, we investigated suitable E. coli strains for expressing millipede HNLs, and we successfully
expressing six species of HNLs. The specific activity of these six HNLs was 2000-3000 U/mg, much higher than that of
known HNLs, which also exhibited high stereoselectivity. £. coli cells expressing HNL produced (R)-MAN in an
enantiomeric excess of 97.6%.
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Fig. 2. Millipede “aldoxime-nitrile” pathway

Future direction

Enzymes from nonmodel plants and animals are often difficult to produce in heterologous expression hosts such as E.
coli. The genomic information available for plants and animals is insufficient compared with that for microorganisms;
however, genome sequencing is becoming less expensive. Therefore, we would like to expand he arthropod genome
information and apply bioinformatics methods, such as ancestral sequence reconstruction, to plant- and millipede-
derived enzymes to increase production levels in £. coli.
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