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(1) Development of hydroxynitrile lyase (HNL) and its use in optically active cyanohydrin:
To construct a library of HNLs, several HNL genes were expressed in heterogonous hosts.
We succeeded in cDNA cloning, primary structure elucidation and expression of cDNA of
P. mume (Plum) HNL in methanol yeast Pichia pastoris. Full-length cDNA and genomic DNA
of anovel S-HNL from a plant, Baliospermummontanumwere cloned and sequenced. The genomic
DNA contained two introns and one ORF encoding a 263-residue protein (subunit: 29.5 kDa).
C-terminal short truncations proved to be successful to access higher productivity in
culture medium of £ coli up to 3—fold. The hnl gene was expressed in £ col7 and the



enzyme was characterized including kinetic studies of 20 substrates for (S)—cyanohydrin
synthesis. An R-HNL from Arabidopsis thaliana accepts nitromethane (MeNO,) as a donor
in a reaction with aromatic aldehydes to yield (£ -B-nitro alcohols (Henry reaction).
This is the first example of the A-HNL-catalyzed synthesis of (&) -B-nitro alcohols.
(R -Mandelonitrile was successfully synthesized by an enzymatic transcyanation reaction
of benzaldehyde and acetone cyanohydrin catalyzed by a HNL from Eriobotrya japonica
(EjHNL) in an aqueous—organic biphasic system. An HNL from leaves of Passiflora edulis
(PeHNL) was purified and characterized for the first time. Asymmetric synthesis of
(A -mandelonitrile in a biphasic system employing PeHNL as carried out.

(2) Mechanism of functional expression of HNL from Manihot esculenta : Functional
expression of HNL from M. esculenta, MeHNL, was achieved in £ co/i. The highly soluble
mutant MeHNL-His103Leu were expressed in the systems such as Pichia pastoris, Leishmania
tarentolae and two cell-free translation systems, such as E. col/i PURE system and Wheat
germ translation system. The phenomenon of the functional expression was proven to be
specific to the £ coli system.

(3) Dynamic kinetic resolution of amino acid amide: The first crystal structures of a
fold-type I racemase are solved for the native form and €-caprolactam—complexed form of
O-amino—€-caprolactam racemase. Mutation was successfully done to affect the substrate
specificity of the enzyme. Further screening for new amino acid amide racemase was carried

out.
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WX, T CICEAKROE QG N TIE RN
B e L CRERITHHSGEZRLHB LT
DT, RIVEMERTEMER AE ORI
P ERBLA I = X LOfRH, AIIEEE 725
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INLDZA 75 ) —%5ET 5H9T, fix
DRELZIFE (T VA 22 AND E
6 FEE) . BEH 3 fEfE, 56 (9) FEFHD HNL
BT O RIGESCEER: CORIE BT 5,
bbb, Prunus mume (K§). Eriobotrya
Japonica (%), B LW Prunus dulcis
(amygdalus, 7—F > F) H¥k[R)-HNL, I
N Baliospermum montanum, Manihot
esculenta (¥ v » ¥ /\) | Hevea brasiliensis
(F4) BLOT =& _— 2 CHEIE % R
L7z Arabidopsis thaliana B3 (S)-HNL @
cDNA 7 0 —=2 27 %175, T CIT Prunus
mume CTIIFERELESE O N KT I/ BRECS D
FERND  STEHDOT A VYA LD cDNA 7 1
— U BSTWD, Manihot esculenta, Prunus
dulcis ¥ X O Hevea brasiliensisBfs+iZ%.
R T4V =~ —0 PCRIERE ST & 0 Ak
WDIET LT\ 5, Baliospermum montanum M
ko (9)-HNL & REHEER O N KSR T X/ BRI
DOFEFRZIEIZ cDNA 7 m—= U TIZHR B L T
BY, SHITF ) A0LO8BT/e—=v
T b — IR E E T D, Arabidopsis
thaliana M3 (S)-HNL {Z. Tl cDNA Efix
FI7ATZ7V—=nHPCRIZEY 7 —=7
ZATUN, RGBT O BN 72 rIVEME R Bl 4 iR
T 5, LD O 6 FEEE ORI BRI,
UIT LRI E CORBIDEM T 5 2 & h
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ANZ LS TEBF VUL TOHREEIT,
Eriobotrya japonica 3 XN Passiflora
edulis (VN >ra > 70—>) @ (R)-HNL 2
DOWTIE, AR5 O HNL OFFH A 470
BRI L FRREEE AR 5, —H., Zhb
DIBIET D RIGHEIZIS T DRBLOBRF 21T
9. Arabidopsis thaliana B3 (S)-HNL LA
S, FBLEBRDS B OFHm Lk 0 T L7
W2 ERTFHREND, £ZT, mHRFOH
BAREMUESSE & Pichia pastoris W5
FRTAREHE 2 VR LD | BERECORBLZ DN T
OILFEEE BT 5, b OZFEED
HNL (DWW CREMEDIRRE T b - BER &
HWT, SFEOBFHE., RO FIEE Y
T R CEARFERT D, KT, xn
I H, U7z Eriobotrya japonica 3 LV
Passiflora edulis \Z oW T, BEELFHY
SEHE EZB LT B L IRiT, AR &K
D R TOE RIS AT TG M
VT e KU UARBIEESERT b,
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BT DA OB 2T 2, KIGHE
DHEELFEHT 32 Fr2BRATEET
Zakat L. ARk DNA 4 U =~ — PCR Hif# <
[ e I 5, R W S NG - € ra a3 Y VR
REER K NT v H DEROEANZ L - T
BT LUV TOWE ZATV RIS &
LTRSS, Hisl03Leu D — HDZERIC
KU, EEYT-VR 1T EOEEE R L, #F
ANEOEAEDIFITAIEMEIC 7 5 KEFEL
DBG AR LT\, 72, 20 @l Lys 5%
KON, 3EHTO Lys &M% Pro IR &
HE, BERELUT-VH10E0EREER L, (A
FRICR[EME L 70 D, £ 2 C alRMEZR TR MR
HE OREZLFIIREME & LA I = X A
DA, FEEME L 72 BB O —MEIZ DN T
DORRFTEAT S, Fiz, H O RAHNL %

KR, KIBE 7 w7 7 =BT 22,
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VR W CRET LB AEREE SR L 4 %,
His103Leu D28 SANFESE DI B i KBRIZ 73
BHIREESAERR, IPTG OB 20 & /2T
%, Hisl03Leu HEOERIUEF 2GR L,
FACFROGEMEE . R (IR B M o S M L et
T2 ZEMEZ AR L i LTI ST

5, o, ZOEREMEELEOEAKE LT
TNTFERGF L TV D EEE AR L, ZEMEA
CTEMH ., EHERA~OEXRE LE{TV. F0
2% CD AT N VEEO A B AR R
LT 5, INHOERICLY, BAERE
FOBEREER DI AT 53— VT 4 T D

RHSZFTMT 25 Z ENAREICR 0 | 1EMER
B8 DIEH 7238 B A 1 = X b O I SE
TcEHZ ENTED, £/, Hisl03 FRELIZ AL
MERZITW, EOX D727 2 FRIREREIC
LR U T2 BRI AR MR B Z 2 D& B
ST D, & 51T Hisl03Leu D WY % T
BIET LD R BRRIFER 2, A=K LD
BN T-E D, TTCIC, ZOXIRER
HIRESR & 23S T\ D, Hisl03Leu DERT
WL HEIEMEDN A L oK EREG A 1
DB ENTRDN, TNHEDFERIZLY .,
B AR LOVERARER DI AT +— T
4T ORGIEFMTEL0T, ZORE
ML IR DIERD A = 2 L OHEE ST
T2,

Lys—Pro O BIAEEFZ SOV T b [FIBEICHE
FACFRREEE O 7T — % | FRCIRETIESZE
PEANT 95 22t 2 B AR kR & bl LT
ST D, 38D Lys iR o% o A
7)== JTCPro~0D1 SR 2SI,
SHAEROERICERIES &, B, H
PR AR BN A ET D 2 L EFEOT
W5, FIT, FNEEAMRE X OWENE
W2y L. BARICOW L, FREDZE
PRI MRS, AiAtERES L L ORI R4
tamard s, $7hbb, BRI TR,
BLAF 7 WYATERE R IR E R LN Z DI
DWTHHT 5, —F, FEMERERIZOWT
I, FRICIEEMHESCE AN D ZEMZ
PR & e L CH B NCT 5, SN
Lys—Pro OfREMLERIZONTH, ZLbH
DRV ZFT B8 BREE R 215, P&
LTHWTERD A =X LEH/TET 5,
Pichia pastoris ¥ X ONTHIRD 7in vitro FH
Frp EORIBE LA DOFBFR T, 25 RAIpEHE
NED X D 7B E 2R T IO TR
5, TbL, ERRomGcRHENT
BRABFER D H 5 KGO R TR
W E LCRITIHD, FREDL D,
S OIZEH AR E LTULMREE L WFAR
W70 &2 ORE 21T 5, Pichia pastoris
. BEEAEMTH Y, MBS OFRBUTE L
TW5, BEITHEERINC W R EZITH, T
MR in vitroFBl e & LTIX., £ coli S30
Extract System @ KGE HEAIDFER > AT &
X AF IR A A G RGR & kIR SR &
LCTHWS, Zhb0ERT, BREESEH
HUVNIFBLZR D, EOBE N AR A 7]
FEICLTWDDONERHFTT 5,

TSR IS K CrIvs R A & LT3
RENDHETMEN DL, BEis-HHR
ZHM OIS HOFHN —RIZIRN D, & 2T,
HLIEESE Ch D Hevea brasiliensis (1),
BIOT A B4 B LWHENL A pEfE & LT
B cDNA 7 a—=2 7 %FEETNAS,
Baliospermum montanum (Z->WNT ., Hisl03Leu
WY T 20 B8 L O Lys D Pro ~D A S



W T o LEREEZITV, FERIC AN
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B ORI R B S 0D INL 1, FEEHREE
& U CHIFMIE S B o T3 & o S[R

FEED 5,

BT I /BT IRLTI /= LDFA
ST RNFENE )T MBTINT®

~ — B OEEMAT & LT LTI, 4l
JBRKZ TR O IR HR D & 2 X

TEMATAFZE 2 BRME L. ACL T &~ —P DRk
RS %, IIRMEEdR OWFGE 7 L — 7 L 3k
\ZACL 78~ —BDOREED EDH BT X/
M7 I RET I VBEFINL TWAED)N, £
7o I R AR B D B EBALIZ O W TR L.
HFErhlc=S —Fa— 2 PRIEETTH, TC
2. BEAEHE LF Y AT A (MOE) % FHW T,
BE L OEAIREFHEIC L > TR, IHET

DO R 72 E R A2 5 2 b, F£72,

BRI AT AR b L T T
—7'v—2 PCR 24T\, 7 X VBT X RITxf
T B RSHREANA) | LRk A5 5,
ZZTE, TCIHESILET S BT I RN
KORER B L OT 2 el bR 2 7
TV T HEEE TN, A L—T
v NAZ V== T %179, BERNOT I
T~ —VIISMEN MmO TEBY . — ki
EEOMEEL SO T, TNbE2T I R
TIRTE~v—BIZERIEDLMIELITH,
SHIT, oA E S LT, HaDT
W7 I R ~—P2AIRT 5, Fhb0
B3R 7 BRI AR TR D TR,

(ii) a-7 I /= U NLDEAF I v I
FE . 2L DT IKa-TI /=R U L
DOFEFRIERIEOMTEIT, = ) 7—¥Z2H
WIZWESET R ) BEADOEWICET 5 H DT
b5, EROLTNT, MEMZELD T IK
o-7 2/ = MU LOKFIBIT X0 BRERIN
FH0%6TT XV BESD HIESHE I TR
720 KR TIXACL-T E~—FEHW =T &
SRa-T I )= NI ALDEATF I v T
FENS K o TORFEET X BB Z IR
100%, YeFHiEE 100% T2 Z L 2B ET 5,
Z ORI B W THIIEAR IR IZa-7
J=hNINEKMTH=FI Ve RTZ—
PRVETH DL, 2T, SCAREIR DKW
= Uk RTIX—VEAFETIMEME
BRI 5, IENIRIRINIC T & 2 fka-7 2 /
BEiE T X R~ Lok d 2MEwiL, HEy v
TNE0SEET S, BEL A kD =
FULEe KT % —BI3H USRS
WEOMF 21T 9, FEREIR=FY Lt
KZHZ—¥ ACL-TE~—FZLTL-7TI/
7 I XA —PEIL D-T I ) _XTFFH—F
a3 ORISR E AW, —o DG
MiCENFN SIEDHVT RIET S &I
F100% CTHAKRT %, HINIZAET 5 I k5
K=tV vk RZX—B &, —KEED

figBH, 3 FEEOREFEORBEHEBH L. &
B L7Zo-7 2/ = RV JLICEFEER S8, #B
B2 BePETIENE T 3 B i BRI ARk
T DHIEBOT X WA RIEE LT D,
ELOAFZEITTE LT, RO BRI A Rk
%o (1) PS4 D HPEE SR HNL OB %
ENFIEMEL T e RY oA RICET S
MEEHYLT D CERR204), (2) T
A AT LILFNE DB O SCERRE E B B
L EERRRRSRAEDY . RIVAME INL OFELA
= X LOfFR YT 25 (R 20~21 ),
(3) Rk 20 FEE XV 3 EERM T EDR A
NRZ X =140, TI8BT7T I K73
= MUK A I 7 RS E ()T 2
BT 2 R T Y~ —F OREERNT & Ly
T EMEYT 5, (i) RSP,
o-7 I /)= MU ADEALFT I v 7 sy
B2 Y 35 (PR 20~21 #B), RA LK
7 A — 140, BRI ZE T+ 5%4
DETEBREZTEMRT D, BRFHARIT. b
OWFFREZERIEL, FESABIORA N FY
A —TxF U CEENSERRE 21T 5 . KHEGEA
WA S IS B T ERERORE AT,
BEE BB, A RRSA R O R E %
DA FAME D X AT O, HH KT
HEAHEZRZ I, RERRF 2 AT 552 EI
FE L., TR KFTIT 5 HNL OFERETO
FEEBRICOWTHIE 82175, A b=
KPR ERIL, BRI R TR L
ACL 7t~ —F O X i EMNT 217\, EI
BN RETORyF LIy 32— gy
T LIS L RE AT O,

4. W

(1) HEWlESR INL OBRFE &P IEIES T /) b
KU OARRICEET 2098 ZFEFEO HNL O
TAT TV —EETHHIT, xR
U 7= 30 FESE OO HNL 851 O Al £ TOFRBL
Et U= P omume (HE) 12U TIE. cDNA
ya—=7 —WHEEOMIE LW Pichia
pastoris \ZRT HIEMHREIBLIKTI L 7=,
Baliospermum montanum \Z->WNTIX cDNA 7 &
— =27 L NRU#Z His-Tag O, BI O
C RimDERIZ X > TRIGE CaliEtEic
B C&x7., B montanum B3 HNL OFEFE(LF:
HIREMER., SRR FiE., NeNiR O 5k
T e R YOREERIZOWTH G2
W2 U7z, Manihot esculenta (%% v 3).
Hevea brasiliensis(= )3k (S)-HNL % .
KWBE . B, RAEY Leishmania
tarentolae (LEXSY 3 27 ) | MR 2 o /X
VAT AT I, KIG#BK in vitro ¥
VRTEERRE 2T VAT NI K o TH
WaEBat LT, Arabidopsis thaliana 3
(R -HNL 1%, &fmfru—=r271L., KIBHE
THBLL, Henry BUSIZISH LTz,

(2) FIVEMEHNL OFEHL A 77 = X L OfiFER « M,



esculenta FK INL (5D KIGHE ICBIT 5
i 2 DI B2 et L72, His103Leu O—
SAOERR 3EFTO Lys 5% Pro (&R
SHD L, HAKROEAENIZIZAEMEC
HRERBOBESZBLHL WD DT, A
PEZ2 VG B A O R F G & L
A B =X LD, AR & I D ERO—
PEIZ DWW TORGET 21T 5 72,

B) TR BT IFRLTI/ =rIVDOHX
A I v I RNESE: TIOBTIRNTE
~— ¥ OGN & LS T 4AER
KRBT O LR HSR © L 362 ACL 71~
— B OME DM L, RERRMEZ
HT AL L CEREZITW, T3
7 X RITxET D BOSHEE A ) b L7 A8 R
R A f37=, I BT, ZARBIEESE OMHE RN
et BLOHAR CIIAKR TE R o7 D-
T2 VT T = U EOERRICERS) LT, T
MEDAT Y —= Ik H LT I/
ey I Rok~v—F 257,

5. ERRERE
(BFgefgeE . WIZE 038 K OB AT TR 1T
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