=

T — N\ & 5 S5 S0 Sl Y R S b 25 O 8 RE >

HH
b=}

Ji0 &5 HF

MAE [ Ol

NI = =
Hin T & W EM L7 —

£ % 18 75

2014

Annual Report
of
Instiute of Genetic Resources
Faculty of Agriculture
Kyushu University

Number 18




fb)‘”jiijiil%
HAin B

b

—a
A
|

)

Pk 26 A

IR

78 bt

v —

i 18

AMKREZXRZR REFMARMEESGCFERRAEAREL S -



1
2. IR

3. ARk

4. WFZERB L OHENE
5. HmEEZEAREER

6

Lk

11. E}%—EE}Z% ......................... 5
WHFEERE - R Y X &

)| R 0% 3 1 1 P o
HE T

Blepwrge sy « dfm, ZRtarses

FHHE I S— - FEEHS

SR

Ll

IV. G TERRHORE - B o oo e e e 30

V. BUZ—HEE -+« v oo e e e e e 39

VII. &% —W9emid i - - - - v v e e e 43



I.

1.

B EF—DOBE

H B

Kb Z—id, BlaFEIROIE, RF, BN LR, FIAICEDSEEE %

AT D, FFIC,

i B 7R ik CIRARTE MO 21TV iR+ LUV TR

LA EIRIZEE T 2 ) RBRAZE & BRRE A~ 1 ¥ = 7 M AFGE D HEE N N A1
BIRODNA « ML ARY MU —EED K EEZK D,

e

16245 H

Rk IeAE4 A

R34 A

FRk9tE4 H

SER% 1244 B

L% 224F4 B

REWRFE R FERER 2 RS A, RS s &Rt
A= RMfiER & L TRRIE S, #ix, Bz, B+
T2 NEE ST,

Bz, BIEERA1DBINELE S e, KRB RFIIERHTE
B SIS HIGRAR &R LY H R OW g s LT, BiR
B FEIRY:. BisFBRBEEZOXREICSIN LI,

B TEIR LR RICEYBG - LB EN TR S,
Wz Lz,

M8 B &P o & — [ TRFRRIC K 0 el S, #rizic,
B34 . B34 . BhF24 DR 2T L - T BB Is &R
PRFEEMIIEE v ¥ — iR E S T2,

REFFBEE BT KRBT =25l B s n - B B %
et o 7 —lZB8 S iz, £z, RFREF & L TEMER
BRELRENY B &R TR B n B IR R (B
R R ERFS Y, 8- EIRFEDY ., MeEYEET L
For8P) U S iz,

BATTER - SRR . RS TR 8
WIS TRE YL, EASAERIEIR o AT AR
FEIC . BEMDEE T TS BHES TR S « A A~ 2T
RRERIEICITR L. H5ICBEH Lk,



3. MR- BBE

o4 —K HTHEZE

EEBLTFHRRES S
HEH = frey & e 7d= va)Il - Fngk
Bh# A =G e 7d= BT £
E = > e 7d= LA Fngh
FIMIEE  fEfR B Fepfraite B TH ik
WY BIs TS
= AL FHTBh fBH =1
FHTHEIE B Y BLH
WHFESCEHERE B fihlE AET
T =ANAE T HFEH BAS
R BT
AR AET
ZENIIP S e
Fepkrire B R i
KH R
WMAEY B THEBSE
Atrhm TR s T =HNVAE T HIE NS
4. MRELEBENRE
XEBLETHRESE
- A ABFEROIEE, BZFE. B, RAE. 16 NTB FHEE DT B
1% O fi B

s XEBRFE T a T ANRLF Y ) —RATF a7 RNBRP (1A 22) O HF R
Bl L L TCHRED AL A Y —RAFE~DFHE

KB i G 5

- A XTI S X7 B DS R SRR A HAE S 2 BRI O fiR

c FraF RS FY V=27V MNBRPICEIT DA RIEEREF R D
He f

- AERA R BT EIROIRAT & Rt B3 2 w5t



WMEMBLFHEELSE
AR AR EIROLRR LR, frAF & FIHBISE, W ONTA R+ O = B
REAL &I H B B9~ D AR S

BB L b, IE DR A S A O A O ST L, BB
BT R R L. & DITHIJERRY & B 21T - T B,

BRTEFEBAXEMIEE  F—BEBELZRBESEER (FRk26E3H31HHE)

ZER
e
e
gl
iz
e
iz
e
iz
iz
iz
Hix

H T

R8
FEEF
s

B (BB )

(Bf= B IRBRA M TEE & —)
(CBf= B IRBRA M IEE & —)
(CBf= B IRBRA M IEE & —)
(A=t RERFHEMT)
(A=t RERFHEMT)
(EIREFFHM)
(BRBL SR
(2B PRREF - HB )
(Bt e 55)

(Bt Je T35 )
(B BRI S i )



6. HHREX

Bsm

BAESH

R AR B

| ApwaE |
B

Mg ERy

MEEEY

REY

Lk

&

BRY

ERBENT

EXRERY \

EHRBETY oy
RREEEUS (RS \/

Al

AWAEEF(SSP) |

By-EsEmHY

P3RS Lk \

HR RS

RWRAETY L)

WLy 3
\

RM-TRYRT /
BMEREDY RS 7

Bty
[ KEWRF
KEEBBAS
U7 24— WFHFRR 7

RESARLETARRE)

#ENRREEF RS

B2 3

REFKT
KA
LAY
TRY
ERWAT
EREETY
ERRBEY

HHIES
#RELY
ER

HHBRT

K& R

[REENBY OREH) 7
FRMARBF OREH) 2

ARREHRT
ARRELY
HREPLES
EPRBLY
REWSTES
HRERARERY
IAARTFITPNT T

VRN R

REF

RRGRS
BEERDRT LRI
BEREY
MAEDEFS
ERRRNET (FN)

HRBRDEH

EBIEF
KBEES
WERAILT
AR AT
S 53
FEI ]
REHLT
ST MRS (SSP)

EFHBT
R
[ EpawtmT |
RRILTF
[ REBTF |
ERRMERTF |

ERAET T4~
RAATOERT T4~

MEBRET LT GAT) 7

REIEF
RAEF
BaDTT
BRUELT

AREFRVENP AR

SERNRIBY/LANRRY ERE

BREARERS/LAENRY

ERKEFRRES—ABFRH™

W

\
EWOHRRBER

ERRGEFRATGE) | -
ApAETRATAE |,

REFRANMRFAR € 5—




II.

1.

Bt 52 FR R

WRFERRR - HR® D R b

FB a1 BT E

>

2)

3)

4)

S)

6)

7)

8)

1)

2)

JF 2

Fukumori H, Teshiba S, Shigeoka Y, Yamamoto K, Banno Y, Aso Y, Purification and
characterization of cocoonase from the silkworm, Bombyx mori, Bioscience
Biotechnology and Biochemistry, 78, 202-211 (2014)

Hossain MDT, Yamada N, Yamamoto K, Glutathione-binding site of a Bombyx mori
theta-class glutathione transferase, PLoS One, 9 (5), €97740 (2014)

Yamamoto K, Higashiura A, Hossain MDT, Yamada N, Shiotsuki T, Nakagawa A,
Structural characterization of the catalytic site of a Nilaparvata lugens delta-class
glutathione transferase, Archives of Biochemistry and Biophysics, 566, 36-42 (2014)
Hossain MDT, Nagaoka S, Yamamoto K, Identification of residues essential for
catalytic activity of a Bombyx mori arginase, Journal of Insect Biotechnology &
Sericology, 83, 47-51 (2014)

Hossain MDT, Yamamoto K, Structural insight into the active site of a Bombyx mori
unclassified glutathione transferase, Bioscience, Biotechnology, and Biochemistry, 79,
662-667 (2015)

Egi Y, Akitomo S, Fujii T, Banno Y, Sakamoto K, Silkworm strains that can be
clearly destined towards either embryonic diapause or direct development by adjusting
a single ambient parameter during the preceding generation, Entomological Science,
17(4) 396-399 (2014)

Yoda S, Yamaguchi J, Mita K, Yamamoto K, Banno Y, Ando T, Daimon T, Fujiwara
H, The transcription factor Apontic-like controls diverse colouration pattern in
caterpillars, Nat Commun., 5 4936 (2014)

Xu J, Kusakabe T, Yamamoto K, Suetsugu Y, Mon H, Li Z, Zhu L, liyama K, Banno
Y, Yoshimura K, Lee JM, A novel third chromosomal locus controls susceptibility to
Autographa californica multiple nucleopolyhedrovirus in the silkworm, Bombyx mori,
App! Microbiol Biotechnol., 98(7) 3049-58 (2014)

EE R

IWIARSEWR, Rt TR ABHSkEESR - ¥ o X7 B OREMNT & ZDIGH ] [2dhi-»>
T, TR BBEAAAAT v 7, 83(1), 3(2014)

IWASER, BB 7 VE T4 B RR R OERRT &0, ok - BRoSAF
7> 7, 83(1), 5-10(2014)



3)

1)

2)

3)

4)

S)

Yamamoto K, Higashiura A, Nakagawa A, Suzuki M, Crystal structure of
Omega-class glutathione transferase of the silkworm, Bombyx mori. Photon factory
activity report 2011, 29 (2014)

FRFER

FH KM, [HHERE, (LARSER, FEVE, 514 2 glutathione S-transferase (2%}
T 5RO, BLPRWE AASETRR, 2014 49 H 18 H, 1E#.
ILASETR, BUHEZ N, (WHEERE, FNBCE, EA v 7 H2R Delta-class 27 /L
S FF B EESR O X MLARREE R, AARZEALSAS T B A SRS,
2014429 18 H, EH.

Yamamoto K, Structural basis of catalytic mechanism of Bombyx mori prostaglandin
E synthase, 9th International Workshop on the Molecular Biology and Genetics of the
Lepidoptera, 2014 4 8 H 22 H, Greece.

JRWEFE S, ML, T, PEEFE, Fa v B RBOINFGFAEKED T A i~
DFANIZINOE S &Y A X3 ZET 5, % 59 B AAISHEME R PR RE,
20154£03 H 27 H, [JE.

Vel b, SnR—2, 2Pt —, REPE, BeERESRIT 2 VTl 22808
ROJFHNBEFICEE D, H590 HAISHEMW) B RFPR R, 2015450328 H,
HITE.

TEW BB S 57 B

A.

1)

2)

3)

4)

S)

JFE

Hoai TTT, Suu TD, Satoh H, Kumamaru T., Diversity of glutelin acidic subunit
polypeptides in rice cultivars collected from northern Vietnam, Plant Breeding, 133 (3),
341-347 (2014)

Hoai TTT, Matsusaka H, Toyosawa Y, Suu TD, Satoh H, Kumamaru T., Influence of
single-nucleotide polymorphisms in the gene encoding granule-bound starch synthase I
on amylose content in Vietnamese rice cultivars, Breeding Science, 64, 142-148 (2014)
Doroshenk KA, Tian L, Crofts AJ, Kumamaru T, Okita TW., Characterization of RNA
binding protein RBP-P reveals a possible role in rice glutelin gene expression and RNA
localization, Plant Mol. Biol., 85, 381-394 (2014)

Tanaka W., Y. Ohmori, T. Ushijima, H. Matsusaka, T. Matsushita, T. Kumamaru, S.
Kawano, H. Hirano., Axillary meristem formation in rice requires the WUSCHEL
ortholog TILLERS ABSENTI, Plant Cell, 27, 1173-1184 (2015)

Wen L., M. Fukuda, M. Sunada, S. Ishino, Y. Ishino, T. W. Okita, M. Ogawa, T. Ueda,

T. Kumamaru., Guanine nucleotide exchange factor 2 for Rab5 proteins coordinated



1)

2)

3)

4)

5)

6)

7)

8)

9)

with GLUP6/GEF regulates the intracellular transport of the proglutelin from the Golgi
apparatus to the protein storage vacuole in rice endosperm, J. Exp. Bot., (Accepted)
(2015)

FRRER

KH B3, BRI Bi—, R S, REALEIE, 8 9L, ek IRZ, ko
Wi N T UNT ) a— U =B DRE & BERICFEAREOME, BAE
M2, 2015423 22 A, EJIIREE

DRI, LIEARZE -, Ve, RRIUBUHE, PP 2, A RIER S & — o OfEYT
EHIFERS T ALMI O HEE, HABMYS, 201543 H 22 A, BJIIK
ELakhdar Ammar, Ahmed Abd ELSattar, Khairy Amer, T. Kumamaru. Genetic
diversity in barley (Hordeum vulgare L.) during salinity stress based on simple
sequence repeats SSR-markers, H RBEFE L, 2015 423 H 22 H, EJIIKF
Satoh, R., S. Shiraishi, T. W. Okita, M. Maeshima, T. Kumamaru., Physiological role
of plastid membrane transporters involved in transport of intermediates of starch
biosynthesis in rice, Plant Bioligy Europe FESPB/EPSO, 2014. 6. 23., Dublin, UK.
REALICIE, 2255, HAE, BH—1T, AREE, BANE— AHOD, X
NBRP -1 RBEDOSHEMEEANT Y V) — A EOHEE-, AAREREFEE 9 B
MERRAER, 2014 49 7 4 H, JUNIKRZ

HRETVE, AR, MMM a— 7 U RIS ST D A RERE RAR
D KON, HARBFEFEE 9 BV BEREREES, 201449 H 4 H, Jull K

2
¥

ARG, AT, PEfRER, REILEIH, TILLING %% HV 72 A % Oleosin 22
BIKORY, BABTREERE 9 VN ERRETS, 2014 49 H 4 B, JUNK
WHET, LR, RRRIEE, A 2707 U CRilA L 2 8&ICERET 5 glup2
0 J iR - O SN A EE Ny OVR) 8 SR ARTE 7 AR 2 ROMENT, AT
9 [E LM B FEFREES, 2014 429 A 4 H, JLNKTF

Ammar El-Akhdar, T. Kumamaru, Gene action for yield and its components in barley,

HARBRERE 9 MIUNBERRGES, 2014 29 A 4 H, JUN R

10) BA)IIG—, EH SR, RRIUEUE, ol ek %, KOEHER N T v

C.

1)

D.

7)o — ) —PEMEL T OHREE & TILLING 52 X 528 B o
ek, AARBRET S, 201449 H 26 H, mILIMNKF.

FERF HRE
SARRZE, BN —. KEESC, EHSEE, BB, REILEIE, UL,
cNUY T N7 u— L) —BEENEY). FFE2014-058474

T S 5



PR RIZAT —H# ~X—A  (Oryzabase I)
http://www.shigen.nig.ac.jp/rice/oryzabaseV4/
TILLINGA—>"> 7 7~ (Oryzabase )
http://www.shigen.nig.ac.jp/rice/oryzabaseV4/tilling/openLab

A RRAFIFE T — F N— 2

http://w3.grt.kyushu-u.ac.jp/Rice Kyushu/rice-kyushu/htdocs/main.html

AR 1B S

A.

1)

2)

3)

4)

1)

2)

3)

U
R. Ogura, T. Wakamatsu, Y. Mutaguchi, K. Doi and T. Ohshima, Biochemical
characterization of an L-tryptophan dehydrogenase from the photoautotrophic

cyanobacterium Nostoc punctiforme, Enzyme Microb. Tech., 60, 40-46 (2014)

H. Akita, Y. Imaizumi, H. Suzuki, K. Doi and T. Ohshima, Spectrophotometric assay
of D-isoleucine using an artificially created D-amino acid dehydrogenase, Biotechnol.
Lett., 36, 2245-2248 (2014)

H. Akita, H. Suzuki, K. Doi and T. Ohshima, Efficient synthesis of D-branched-chain
amino acids and their labeled compounds with stable isotopes using D-amino acid
dehydrogenase. Appl. Microbiol. Biotechnol., 98: 1135-1143 (2014)

J. Kobayashi, J. Yukimoto, Y. Shimizu, T. Ohmori, H. Suzuki, K. Doi, and T.
Ohshima, Characterization of Lactobacillus salivarius alanine racemase: short-chain

carboxylate-activation and the role of A131, SpringerPlus, in press, (2015)

FRFER
M ERe, B R, BEws, v nFE T e -4 -2 LIRS v
N7 BHEBUROBSE, % 51 LB A R ILN R, 2014 4 6 H 28 H,
:I LIUNERR %S

K&, FH)I I{%)&sﬁ, RERMEER, RREF R, HEnsE, MBREIICAR T 547
BAERRAEIR 7 7 — 2 ORI, ﬂ@m%%@i$éHanigm4$6
A28 H, JLIUNERR=ERS.
Martono Hindra, Yuko Nagayoshi, Toshihisa Ohshima, Yasuhiro Fujino, Katsumi
Doi, Characterization of Novel Thermostable Endolysin from Phage ¢ OH2, 2014
Molecular Genetics of Bacteria and Phages Meeting, 2014 4~ 8 H 7 H, University of

Wisconsin, Madison.



4)

S)

6)

7)

8)

9)

10)

11)

12)

C.

KEWF, I, REREER, BRIPRE, TEresE, /NEIRIR LV HEEL 72
Thermus JERRHER 7 7 — 2 OFREMENT, 56 5B 7 7 — U984, 201449 H 4
H, ZBERKFAWEIFRFE.

Martono Hindra, 7K 5161, KEBUA, BEEFRE, TERE, R R X0 HE
L 7e i8R 7 7 — 2 @ OH2 H RN B Bl 58 O FetEfigdT, 251> 7 —
5, 201449 H 4 H, ZEHRPEWERTSE

TEE, WRERE Y 7 — U ORHE, 7 MMEEN D IRET DA mitE L & E
¥IEH, 2014 FE AARRZEFPEWEAASER Y AR T L,2014 49 A 17 A,
HOTEL 77 > 713 h < .

H LR, BSRE, LEWE, U hEFER LT 08B T ERBRD
BA%E, 2014 A1 A A S P00 A ARSI RS, 2014 429 A 18 H, KR
PR, IS, KSE, BRI RE, KEBBUA, TR, NERR XD
BAHIE U 7= Thermus JBHEHEIR 7 7 — 2 ©OH16 OFME L 7 ) LfEHT, 2014 4F% H
AR FETE H ARG RS, 201449 A 18 H, EBEKR

TEEE, HiEZ 5L DAY ~ BV O ML BLR 2R 5 ~, 2014
FEHAREY TR TUNSGERTHR 7 4+ —7 25,2014 11 A 1 H, '® HSER—
.

WEHACFIN, KEWGT, BRIPRE, TR, Bt —X 7 Sulfolobus
(ZEGYT DL ¢ L A D ELEE & YRR, AARREZETS 2015 FEERE,
201543 A 27 A, MILKRY dHE¥ v /XX,

FOHE AT, IR, &I, TRFSE, JRERE, KIRME, $5ARZHm,
Geobacillus kaustophilus HTA426 THRET A F A A M L7 kUit~ — T — D
A, BAREIRE 2015 FE RS, 201543 A 28 H, [MILIKY HBES v
VINA,

HORKRINEE, JFMAEES, ~/V /) b R7, FAE#R, TERE, W7 7
— ¥ ¢ OH2 HKIAHEEESE holin IC XD H LD T AR b — A58, HAREE
b5 2015 FEE RS, 20154F3 H 29 H, MUK #EF v /3 X,

Rr et HIR

AT = ERCHIEAR, EAREE, BEWE, BN KRFEANIUVN KT, Nepal
Agricultural Research Council, 2014-169034, 2014 4% 08 H



2.

REFmXEE

FB a1 BT R

OPEN a ACCESS Freely available online

Glutathione-Binding Site of a Bombyx mori Theta-Class

Glutathione Transferase

M D. Tofazzal Hossain, Naotaka Yamada, Kohji Yamamoto*

Faculty of Agriculture, Kyushu University Graduate School, Fukuoka, Japan

Abstract

The glutathione transferase (GST) superfamily plays key roles in the detoxification of various xenobiotics. Here, we report
the isolation and characterization of a silkworm protein belonging to a previously reported theta-class GST family. The
enzyme (bmGSTT) catalyzes the reaction of glutathione with 1-chloro-2,4-dinitrobenzene, 1,2-epoxy-3-(4-nitrophenoxy)-
propane, and 4-nitrophenethyl bromide. Mutagenesis of highly conserved residues in the catalytic site revealed that Glu66
and Ser67 are important for enzymatic function. These results provide insights into the catalysis of glutathione conjugation
in silkkworm by bmGSTT and into the metabolism of exogenous chemical agents.

Citation: Hossain MDT, Yamada N, Yamamoto K (2014) Glutathione-Binding Site of a Bombyx mori Theta-Class Glutathione Transferase. PLoS ONE 9(5): €97740.
doi:10.1371/journal.pone.0097740

Editor: Alberto G. Passi, University of Insubria, Italy
Received November 21, 2013; Accepted April 23, 2014; Published May 21, 2014

Copyright: © 2014 Hossain et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This work was supported by a Grant-in-Aid for Scientific Research (KAKENHI, 24580078) from the Ministry of Education, Culture, Sports, Science and
Technology of Japan (MEXT, Tokyo, Japan). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the

manuscript.

* E-mail: yamamok@agr.kyushu-u.ac.jp

Competing Interests: The authors have declared that no competing interests exist.

Introduction

Glutathione (GSH) conjugation is essential for the detoxification
of xenobiotics [1,2]. Several studies have also implicated
conjugation reactions with endogenous compounds, such as o,p-
unsaturated aldehydes and prostaglandin [2-4], resulting in the
excretion of at least one water-soluble compound. GSH transfer-
ases (GSTs, EC 2.5.1.18) are responsible for catalysis of this
conjugation and are distributed ubiquitously among aerobic
organisms [5]. GSTs are cytosolic enzymes, widely distributed
across both prokaryotic and eukaryotic kingdoms [6]. In
mammals, there are seven GST classes (alpha, mu, pi, omega,
sigma, theta, and zeta) that can be distinguished based on their
primary amino acid sequence; identity is approximately 50%
within a class and less that 30% between different classes [7,8]. Six
GST classes (delta, epsilon, omega, sigma, theta, and zeta) have
been identified in dipteran insects, such as Anopheles gambiae [9] and
Drosophila melanogaster [10,11]. Insect GSTs can determine sensi-
tivity to insecticides [9,12], and since the Lepidoptera are the
principal insect pests in agriculture, knowledge of lepidopteran
GSTs is of great importance. We have previously characterized
several GSTs in the silkworm, Bombyx mor, a lepidopteran model
insect [13-19], and a sigma-class GST in the fall webworm,
Hyphantria cunea, one of the most serious lepidopteran pests of
broad-leaved trees [16]. However, there have been no reports to
date on the characterization of theta-class GSTs from silkworms.

Here, we report the identification and classification of a theta-
class GST isolated from B. mor, which we named bmGSTT.
While bmGSTT shares some common substrates with human
theta-class GSTs (hGST'T), it has a distinct substrate profile when
compared to other B. mori GSTs studied to date. Furthermore,
bmGSTT does not participate in the response to agents that
generate oxidative stress, in contrast to previously identified B. mori
GSTs. The activity profile of bmGSTT sheds further light on the

PLOS ONE | www.plosone.org

way in which insects deal with xenobiotic agents and contributes to
a more detailed understanding of the GST system in general.

Materials and Methods

Insects and tissue dissection

Larvae of the silkworm, B. mori, were reared on mulberry leaves
in the Institute of Genetic Resources, Kyushu University Graduate
School (Fukuoka, Japan). At day -1 fifth instar larvae, fat bodies
were dissected from the larvae on ice and stored at —80°Ci until
use. Total RNA was extracted rapidly from the dissected fat bodies
with the RNeasy Plus Mini Kit (Qiagen Inc., Valencia, CA), in
accordance with the manufacturer’s instructions, and the resultant
RNAs were subjected to RT-PCR.

Cloning and sequencing of cDNA encoding bmGSTT
Total RNA was processed using RT-PCR. First-strand cDNA
was produced using SuperScript II Reverse Transcriptase (Life
Technologies, Carlsbad, CA) and an oligo-dT primer. The
resulting cDNA was used as a PCR template with the oligonu-
cleotide primers 5'-TATACCATGGTTTTAAAACTATATTA-
TGAT-3" (sense) and 5'-CCGGATCCTTAAAGTTTAGAAT-
TAGCCGCA-3' (antisense), based on a sequence obtained from
the SilkBase EST database [20]. Underlined and double-
underlined regions in the primer sequences represent Neol and
BamHI restriction enzyme sites, respectively, which were used to
insert the PCR product into an expression plasmid. PCR was
performed with 1 cycle at 94°C for 2 min; then 35 cycles at 94°C
for 1 min, 50°C for 1 min, and 72°C for 2 min; followed by 1
cycle at 72°C for 10 min. The resulting bmGSTT ¢DNA (bmgstt)
was ligated into the pGEM-T Easy Vector (Promega, Madison,
WI), which was then used to transform E. coli DH5a. cells. Genetyx
software (ver. 14.0.12, Genetyx Corp., Tokyo, Japan) was used to
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Identification of Residues Essential for Catalytic Activity
of a Bombyx mori Arginase

MD. Tofazzal Hossain', Sumiharu Nagaoka? and Kohiji Yamamoto'*

' Faculty of Agriculture, Kyushu University Graduate School, 6-10-1 Hakozaki, Higashi-ku, Fukuoka 812-8581, Japan
? Department of Applied Biology, Graduate School of Science and Technology, and Insect Biomedical Research Center,
Kyoto Institute of Technology, Kyoto, 606-83585, Japan

(Received July 14, 2014; Accepted September 23, 2014)

Arginase is an oligometric protein that catalyzes the conversion of arginine to ornithine and urea in the pres-
ence of metal. Arginase in the silkworm, Bombyx mori, has been shown to participate in sperm maturation. In
this study, we examine the enzymatic properties of B. mori arginase identified previously. The recombinant en-
zyme (bmArg-r) was purified to near homogeneity by ammonium sulfate fractionation, anion-exchange chroma-
tography and gel-filtration chromatography. The isolated bmArg-r exhibits activity toward arginine in the presence
of manganese ions, whereas it was unable to catalyze lysine hydrolysis. Copper and magnesium ions did not ac-
celerate the activity toward arginine. Mutagenesis of His'”” in the metal-binding site of bmArg-r revealed that this
residue is important for enzymatic function. We found that the mutation of His™, another histidine residue pres-
ent in the metal-binding site, reduced the solubility of recombinant bmArg-r. It was considered that these histidine
residues located in the metal-binding site of bmArg-r play a crucial role in catalytic activity.

Key words: arginine, arginase, Bombyx mori, Lepidoptera, site-directed mutagenesis

INTRODUCTION

Arginase (EC 3.5.3.1) is capable of yielding L-ornithine
and urea from L-arginine as a substrate (Christianson and
Cox, 1999). Manganese, which is contained in the arginase,
is implicated in this reaction. The enzyme is found across
both prokaryotic and eukaryotic organisms (Jenkinson et
al., 1996). In mammals, there are two types of isoforms:
arginase I and arginase II. Although the occurrence of
these arginases is approximately 50% each, they both con-
tain a binuclear metal cluster (Mn*-Mn*") for catalysis
(Cama et al., 2003). L-Arginine is the only substrate of
arginase in vivo. Arginase plays important roles in urea
genesis and L-arginine homeostasis, and in the formation
of polyamines and protein synthesis (Christianson and
Cox, 1999).

Previously, two arginase ¢cDNAs were cloned in the
silkworm, Bombyx mori; named bmarg-f and bmarg-r
(Nagaoka et al., 2011). The bmarg-f mRNA was ex-
pressed in non-reproductive organs including the fat, body
and muscle of larval and adult silkworms, whereas the
bmarg-r mRNA was expressed in reproductive organs of
the male such as the glandula lacteola and seminal vesicle
(Nagaoka ef al., 2011).B. mori arginase-r (bmArg-r) ap-
pears to provide energy to sperm activity, thus playing an
essential role in sperm maturation (Nagaoka et al., 2011).
In this context, it is necessary to study the catalytic func-
tion of the latter arginase and identify the active site.

*To whom correspondence should be addressed.
Fax: +81-92-624-1011. Tel: +81-92-621-4991.
Email: yamamok@agr.kyushu-u.ac.jp

It has been shown that bmArg-r has His'”” and His'*
residues (Nagaoka, ef al., 2011). These residues may cor-
respond to His'"' and His'** located in active sites cleft of
human arginase I, and also to His'*" and His'* of human
arginase II, which were described as being among the li-
gands for Mn*'(Cama et al., 2003). The histidine residues
are highly maintained in all arginases and intrinsic in bind-
ing the metal ions to form metal-binding sites (Colleluori
et al., 2005). The structural basis of rat arginase 1 shows
that the enzyme includes an Mn”- Mn®" cluster (Cox er
al., 2001; Kanyo et al., 1996). Manganese ions are be-
lieved to be involved in the activation of water molecules
to produce a hydroxide that binds to metal and attacks the
guanidino carbon of the substrate in a nucleophilic man-
ner (Kanyo et al., 1996). To ascertain the importance of
His'"” and His'*” of bmArg-r in their interaction with sub-
strate and manganese ions, these residues were mutated to
alanine by site-directed mutagenesis to generate HI107A
and HI32A.

The present article reports the results of experiments
along this line for the wild-type (WT) bmAgr-r and its
mutant produced by overexpression in Escherichia coli.

MATERIALS AND METHODS

Overexpression and purification of recombinant
protein

A ¢DNA encoding arginase (bmarg-r; Genebank no.
AB479104) was linked to a pET-11b vector (Novagen,
EMD Biosciences, Inc., Darmstadt, Germany) and used to
transform into competent E. coli cells (Rosetta2 (DE3)
pLysS , Novagen) (Nagaoka, er al., 2011). The cells were
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Cocoonase (CCN) which facilitates the degrada-
tion of a cocoon is recognized as a trypsin-like serine
protease. In this study, CCN from the silkworm
Bombyx mori was purified and comprehensively
characterized. Its activity was maximal at about pH
9.8. It was stable above pH 3.4 at 4°C and below
50 °C at pH 7.5. CuS0y, FeS0y, and Zn504 showed
inhibitory effects on CCN, but other salts improved
activity. Typical trypsin inhibitors inhibited CCN,
but the relative inhibitory activities were much lower
than those against bovine trypsin. An extract of
cocoon shells inhibited trypsin, but it was only
slightly inhibitory against CCN. There were signifi-
cant differences in catalytic efficiencies and substrate
specificities as between CCN and bovine trypsin.

Key words:  silkworm;  Bombyx  mori;  protease;
cocoonase; trypsin

Sericulture rearing of silkworm larvae and spinning
of cocoons into thread is an industry having a history
of nearly 5000 years. Hence, knowledge of the silk-
worm, Bombyx mori has long been accumulated over a
wide mnge including genetics, physiology, and bio-
chemistry, and the silkworm is recognized to be one of
the suitable model animals for bioscience research. It is
a holometabolous insect having four life-stages clearly
differentiated from each other: egg, larva, pupa, and
adult. Morphologically striking changes from larva to
adult occur in the pupa by a finely regulated metabo-
lism, which includes the degradation, remodeling, and
neogenesis of tissues.

A cocoon is the living space of an immobile silkworm
pupa that protects it from a varety of unfavorable situa-
tions such as d tion and predation,'™", but an adult
moth must escape from its cocoon after the completion

of metamorphosis. The cocoon of a silkworm is com-
posed principally of two silk proteins: fibroin and sericin.
Fibroin is a fibrous protein secreted from the posterior
silk gland. Sericin is a globular protein secreted from the
middle silk gland, and it plays a role as the glue binding
fibers made of fibroin together.**’ Cocoonase (CCN) cat-
alyzes the proteolysis of sericin which weakens the
mechanical strength of the cocoon and facilitates the
emergence of the adult silkmoth.”’ Studies of CCNs have
been done mostly on the ones from the Polyphemus
moth (Antheraea po. ‘themm') =1 the Indian tasar silk-
worm (4. mﬂma), ) the Chinese Tussah silkmoth
(4. pemyl)\' 3V and B. mori 110 Nearl;' 40 years since
extensive studies of CCN in the 1970s, ' few results
have been reported except for those focused on B. mori
CCN (bmCCN)."*"'® Recently the recombinant protein
of bmCCN was overproduced by means of yeast cells in
a technological effort to use it in a more efficient silk-de-
gumming procedure to remove sericin from mw silk.'®
The structural and functional features of CCN have been
reported to be similar to those of a bovine pancreatic
Irypsin,”'m} but to date we do not have sufficient infor-
mation about the protein chemistry of bmCCN. In the
present study, bmCCN was purified from the cephalic
parts of silkmoth adults and characterized. We found that
there were several considerable differences in the proper-
ties of bovine trypsin and bmCCN.

Materials and methods

Reagents.  The following peptidyl 4-metylcouma-
ryl-7-amide (MCA) compounds were purchased from
the Peptide Institute (Osaka, Japan): Bz-Arg-MCA (R),
Z-Arg-Arg-MCA (RR), Z-Phe-Arg-MCA (FR), Boc-
Val-Pro-Arg-MCA  (VPR), Boc-Asp(OBzl)-Pro-Arg-
MCA (DPR), Boc-Ala-Gly-Pro-Arg-MCA (AGPR),
Boc-Phe-Ser-Arg-MCA (FSR), Boc-Leu-Arg-Arg-MCA

*Corresponding author. Email: miwad ai%6@ybb.ne.jp

Abbreviations: AGPR, Boc-Ala-Gly-Pro-Arg-MCA; AMC, 7-amino-4-methylcoumarin; apCCN, Antheraea permyi CCN; BAEE, benzoyl-L-arginine
ethyl ester; bmCCN, Bombyx man CCN; Boe, tert-butoxycarbonyl; BPTI, “bovine pancreatic trypsin inhibitor; BSA, bovme serum albumin; CCN,

, CHES, 2-(cy ok inojeth Ifonic acid; CSE, cocoon shell extract; CSTI, cocoon shell-associated trypsin inhibitor; DPR, Boc-
A%p(()ﬂzl}-PmArg MOA; E(lR, Boc-Ghu(OBzl)-Gly-Arg-MCA; FR, Z-Phe-Ang-MCA; FSR, Boc-Phe-Ser-Arg-MCA; HIC, hydmphobic interac-
tion chromatography; K, 'inhibition constant; LRR, Boec-Leu-Arg-Arg-MCA; MCA, 4—merv|oounmrvl—7—armde QRR, Boc-Gin-Arg-Arg-MCA; R,
Bz-Arg- M(_,;-L RR, Z—ArgArg MCA; SBTL wvbmn trypsin inhibitor; SDS—PA(uE SDS-polyacrylamide gel elecm)phorem, SE, standard error;

SEC, graphy; TCA, trick ic acid; TLCK, N-u-p-tosyl-L-lysine chloromethyl ketone; VPR, Boc-Val-Pro-Amg-MCA;
Z, benmvl-cm-bonyl.
© 2014 Japan Society for Biosci Bi ¥, and Agr istry
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Glutathione transferases (GSTs) are a major class of detoxification enzymes that play a central role in the
defense against environmental toxicants and oxidative stress. Here, we studied the crystal structure of a
delta-class glutathione transferase from Nilaparvata lugens, nlGSTD, to gain insights into its catalytic
mechanism. The structure of nlGSTD in complex with glutathione, determined at a resolution of 1.7 A,
revealed that it exists as a dimer and its secondary and tertiary structures are similar to those of other
delta-class GSTs. Analysis of a complex between nlGSTD and glutathione showed that the bound
glutathione was localized to the glutathione-binding site. Site-directed mutagenesis of nIGSTD mutants
indicated that amino acid residues Ser11, His52, Glu66, and Phe119 contribute to catalytic activity.

© 2014 Elsevier Inc. All rights reserved.

Introduction

Glutathione transferases (GSTs,' EC 2.5.1.18) are a class of ubig-
uitously expressed enzymes that are responsible for the intracellular
detoxification of diverse xenobiotics and endogenous substances.
GSTs function by conjugating the toxicant to reduced glutathione
(GSH) [1,2]. Multiple classes of mammalian GSTs, including the
alpha, mu, pi, omega, sigma, theta, and zeta classes, have been
defined on the basis of differences in their amino acid sequences
[3]. The delta, epsilon, omega, sigma, theta, and zeta classes are pres-
ent in dipteran insects such as Anopheles gambiae and Drosophila
melanogaster [4].

The brown planthopper Nilaparvata lugens is a notorious rice-
crop pest in Asian countries. N. lugens causes severe damage to
plants through direct crop consumption and by transmission of
viruses such as rice ragged stunt virus [5] and rice grassy stunt
virus [6], resulting in high economic losses. Currently, the only
effective method for pest-control is the application of chemical
insecticides. Insect GSTs are of particular importance because they
play an essential role in mediating the detoxification of xenobiotics
such as insecticides. Other GST classes that are induced in response
to insecticide application also play an important role in adapted

* Corresponding author.
E-mail address: yamamok®@agr.kyushu-u.ac.jp (K. Yamamoto).
1 Abbreviations used: GSH, glutathione; GST, glutathione transferase; GSTD, delta-
class GST; SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophoresis.

http://dx.doi.org/10.1016/j.abb.2014.12.001
0003-9861/© 2014 Elsevier Inc. All rights reserved.

resistance against the insecticide by increasing insecticide metab-
olism. Studying the structural and functional properties of GST
from brown planthopper will help elucidate the mechanism that
underlies the detoxifying ability of the brown planthopper, and
aid in the identification of vital GSTs of other hemipteran insects.

In this study, we sequenced an mRNA encoding a delta-class
GST from N. lugens (nlGSTD). To understand the molecular basis
for substrate recognition and catalysis, we determined the
three-dimensional crystal structure of recombinant nlGSTD and
elucidated the structure-function relationship involved in its cata-
lytic action. Comprehensive research of N. lugens GSTs might aid
the development of novel pesticides that may be used to regulate
agricultural pests.

Materials and methods
Insects and RNA extraction

N. lugens (strain:Izumo) was reared and maintained by the
National Institute of Agrobiological Sciences. Total RNA was
isolated from adult insects using an SV Total RNA Purification kit
(Promega, Madison, WI) following the manufacturer’s instructions.

Cloning and sequencing of the cDNA encoding nlGSTD

We used an N. lugens cDNA expressed sequence tag (EST) data-
base [7] to identify candidate GST genes. Primer designs for reverse
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Glutathione transferases (GSTs) are major detoxi-
fication enzymes that play central roles in the
defense against various environmental toxicants as
well as oxidative stress. Here, we identify amino acid
residues of an unclassified GST from Bombyx mori,
bmGSTu-interacting glutathione (GSH). Site-direc-
ted mutagenesis of bmGSTu mutants indicated that
amino acid residues Aspl03, Ser162, and Ser166
contribute to catalytic activity.

Key words: glutathione;  glutathione  transferase;
Lepidoptera; site-directed mutagenesis

Glutathione transferases (GSTs, EC 2.5.1.18) are
ubiquitously expressed and are responsible for the
intracellular detoxification of diverse xenobiotics and
endogenous substances by conjugation to reduced glu-
tathione (GSH)."? Insect GSTs are particularly interest-
ing because of their role in insecticide metabolism. In
Lepidoptera, delta, omega, sigma, and zeta classes of
GSTs, as well as unclassified GSTs, have been charac-
terized for the silkworm Bombyx mori.”™® Recently, the
three-dimensional structures of B. mori delta-class
(bmGSTD), sigma-class (bmGSTS), omega-class
(bmGSTO), and unclassified (bmGSTu) GSTs were
determined.”'?

We found that the mRNA encoding a bmGSTu is
induced in a silkworm strain resistant to diazinon after
exposure to the insecticide, suggesting that bmGSTu
may play a role in insecticide resistance in B. mori. In
a previous study, we determined the X-ray crystal
structure of bmGSTu (PDB ID: 3AY8).” Thus, in the
current study, in order to improve our understanding of
the molecular basis for catalysis by the enzyme, we
examined the structure and catalytic function of the
enzyme. Because the silkworm provides a model for
studying lepidopterans,'>' comprehensive research on
silkworm, GSTs should provide insights into combat-
ting the species considered agricultural pests.

Recombinant bmGSTu was overexpressed and puri-
fied according to the published methods.® Amino acid-
substitution mutants of bmGSTu were constructed

using a plasmid containing the coding sequences of
wild-type bmGSTu and a QuikChange Site-Directed
Mutagenesis Kit (Agilent Technologies, Santa Clara,
CA, USA), according to the manufacturer’s recommen-
dations. The nucleotide sequence of the full-length
mutant cDNA was determined by DNA sequencing.

The hydrogen-bonding network may be essential for
the GSH ionization step of the catalytic mechanism.'>
The active sites of insect GSTs, including the network,
have been well characterized in Anopheles dirus GST
D3-3 (adGSTD3-3).'® The configuration of the glutam-
yl o-carboxylate group of GSH, together with the
G-site residues Ser65, Arg66, Aspl00, Thr158, and
Thr162 of adGSTD3-3, facilitate the formation of a
hydrogen-bonding network for distribution of the
charge, which can be in the form of either a proton or
an electron. Electrostatic interactions between the GSH
glutamyl and carboxylic Glu64, as well as with Arg66
and Aspl100, were found to extend to the hydrogen-
bonding motif identified previously. This network
appears to be a functionally conserved motif and it can
be divided into types I and IL.'> The type I hydrogen-
bonding networks, exemplified by delta, theta, omega,
and tau classes of GSTs, contain an acidic amino acid
residue at position 64, whereas the type II networks
(alpha, mu, pi, and sigma classes of GSTs) have a polar
amino acid residue (glutamine) capable of interacting
with the vy-glutamyl portion of GSH. A DALI
search  (http://ekhidna.biocenter.helsinki.fi/dali_server/)
was performed to obtain the root mean square (RMS)
deviation of 1.6 A between structures of adGSTD3-3
(PDB ID: 1JLV) and bmGSTu (PDB ID: 3AY8). The
equivalent residue (Glu67) is conserved in the sequence
of bmGSTu, which resembles a member of the type I
network. A hydrogen-bonding network for a type I
GST (adGSTD3-3) has been previously described.'>
The network type I contains Glu64, Ser65, Arg66,
Asp100, Thr158, and Thr162 in adGSTD3-3 (PDB ID:
lJLVl(’)); these residues were superposed with Glu67,
Ser68, Arg69, Aspl03, Serl62, and Serl66 in bmGSTu
(Fig. 1).

Among the five residues, we characterized Glu67,
Ser68, and Arg69 by site-directed mutagenesis in our

*Corresponding author. Email: yamamok@agr.kyushu-u.ac.jp

Abbreviations: GSH, glutathione; GST, glutathione transferase; GSTu, unclassified GST; SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel

electrophoresis.

© 2015 Japan Society for Biosci Biotechnology, and A hemistry
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Silkworm strains that can be clearly destined towards either
embryonic diapause or direct development by adjusting a
single ambient parameter during the preceding generation
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Abstract

In the silkworm, Bombyx mori (Lepidoptera: Bombycidae), embryonic diapause is under maternal control
and the decision between diapause and direct development in bivoltine strains depends on environmental
factors such as temperature and photoperiod experienced by the preceding generation. We reared ten
bivoltine silkworm strains (c10, g32, k06, n25, p21, p22, p24, p44, p50 and p63) under various thermal and
light conditions and examined the incidence of embryonic diapause in the next generation to identify strains
in which the incidence of diapause can be controlled within the range of 0 to 100% by adjusting a single
ambient parameter. Some strains were clearly destined towards either diapause or direct development. The
diapause incidence in the c10, p22 and p50 strains was controlled by temperature during the egg stage (0%
at 18°C and 100% at 25°C), that in the pS0 strain was also determined to be dependent on illumination
during the egg stage (0% under continuous darkness and 100% under continuous illumination), and
photoperiod during the larval stage regulated diapause in p44 and p50 (0% and 100% under long-day and
short-day photoperiod, respectively), when all other external parameters remained constant under each
experimental condition. These diapause-controllable silkworm strains might serve as model systems for

studies of insect diapause, especially for the differential screening of related factors.

Key words: bivoltine, Bombycidae, diapause-controllable, Lepidoptera, maternal control.

INTRODUCTION

Diapause is the hormonally mediared arrest of develop-
ment and it is one of the most important adaprarions
thar allow relatively small ectothermic insects to survive
predictable adverse conditions such as cold winters and
hot summers (Tauber ef al. 1986; Denlinger et al. 2011).
Some insects decide berween diapause and direct devel-
opment depending on external cues including tempera-
ture, photoperiod and diet (Nylin 2013). However, the
molecular mechanisms that integrate environmental

Correspondence: Katsuhiko Sakamoto, Graduate School of
Agricultural Science, Kobe University, 1-1 Rokkodai-cho,
Nada-ku, Kobe 657-8501, Japan.

Email: ksakamoto@diamond.kobe-u.ac.jp

Received 28 September 2013; accepted 20 November 2013.

© 2014 The Entomological Society of Japan

stimuli and consequently trigger diapause remain largely
unknown.

Diapause is found at different ontogenetic stages of
insect species. In the silkworm, Bombyx mori (L.),
embryonic diapause is under maternal control and
the decision as to whether or not to enter diapause in
bivoltine strains depends on environmental factors such
as the temperature and photoperiod experienced by the
preceding generation (Watanabe 1924; Kogure 1933).
Silkworms have been used in studies on diapause for
several decades. These insects are easily reared to
produce a genetically uniform population and the large
body facilitates surgical procedures. In addition, dia-
pause is easily discriminated from non-diapause based
on egg color.

The aim of this study is to identify currently avail-
able silkworm strains in which the incidence of diapause
can be controlled within the range of 0 to 100% by
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Abstract

Genetic polymorphisans underie the convergent and divergent evolulion of various phenolypes.
Diverse colour patiems on calerpillars, which are ecologically important, are good models for
understanding the molecular backgrounds of phenotypic diversity. Here we show that a single
evolutionanty consenved gene aponnc-iie (apd-We) encoding for a pulative transcription factor
accounts for the silkworm p locus, which causes al least 15 dilferent larval markings involved in
branchdike markings and eye.spol formaion. The expression of sot.0ke and melanin synihesis
genes are upreguialed in associsbion with pigmented areas of marking mutants Strped (o) and
normal (+7) but not in the non-marking allele plain (o). Functional analyses, ectopic expression,
RNAI and TALEN, demonsirate that ap-Ake causes melanin pigmentation in a cell-aufonomous
manner. These resulls sugoest that variaion in p alleles i caused by the diflerential expression of
the gene aptlive which nduces largeded elevation of gene expressions in the melanin synthesis
pathway.

Subject terms: Biological sciences - Evolution - Genetics
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Abstract Baculovinus demonstrates specific infection spec-
trums and thus one certain host exhibits particular response to
single baculovirus isolate. Autographa californica multiple
nucleopolyhedrovirus (AcMNPV) is considered to be not an
innate pathogen to Bombyx mori, but some silkworm strains
have been identified to be permissive to AcCMNPV, indicating
the positive or negative involvement of certain host factors in
baculovims replications in vivo. To provide a fundamental
knowledge of this process, we performed large-scale screen-
ing to investigate the responses of 448 silkworm strains
against recombinant AcMNPV inoculation. By genetic anal-
ysis between permissive and resistant strains identified, we

Electronic supplementary material The online version of this article
(doi:10.1007/500253-013-5437-1) contains supplementary material,
which is available to authorized users.
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further confirmed that a potential corresponding locus on
chromosome 3 regulates host responses to AcMNPV in silk-
worm. Additionally, we found that it is available for
AcMNPV-silkworm baculovirus expression vector system
to produce proteins of interest.

Keywords Silkworm - Baculovirus - AcMNPV -
Replication - Genetic analysis

Introduction

Members of the family Baculoviridae are large rod-shaped
enveloped viruses with double-stranded, circular, supercoiled
genomes that vary in size from 80 to 180 kb (Hemiou et al
2012). Each baculovirus isolate demonstrates a narrow host
range (Goulson et al. 2003), while one exception is that
Autographa californica multiple nucleopolyhedrovirus
(AcMNPV) and several closely related viruses, such as
Rachiplusia ou MNPV (RoMNPV) which displays relatively
wider host range and replicates in hosts derived from several
families of Lepidoptera (Groner et al. 1986; Vail et al. 1993;
Harrison and Bonning 1999). Nucleopolyhedroviruses cause
infection that is typically fatal to the insect. Due to the nature
of the virus particles, it is difficult to prevent the NPV infec-
tions and thus these cause severe annual economic losses in
the silkworm sericulture industry (Jiang et al. 2013). To date,
in-depth studies on the specificity of NPVs are very limited
and little is known about the mechanisms of baculovirus DNA
replication in host cells. Untl recently, the evidence from
emerging researches is beginning to identify several virus
genes involved in the baculovirus host range determination

@ Springer
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Abstract

The diversity of glutelin acidic polypeptides in rice cultivars collected
from Northern Vietnam was characterized via sodium dodecyl sulphate—
polyacrylamide gel electrophoresis (SDS-PAGE) and isoelectric focusing
(IEF) electrophoresis. Glutelin acidic subunits were separated into four
bands by molecular mass, as o-1 (39 kDa), o-2 (38 kDa), o-3 (37.5 or
37 kDa) and o-4 (34 or 33 kDa). One hundred and eighty-five Vietnam-
ese rice cultivars were divided into three types, based on differences in
staining intensity and the molecular size of the o-3 and o-4 polypeptides
derived from SDS-PAGE analysis. Wide variation was also observed in
the isoelectric point (pI) staining intensity, in addition to the absence/
presence of pl bands detected via IEF analysis. A total of 16 pl bands,
ranging from pl 6.30 to pI 7.52, were identified in the various local rice
cultivars. The maximum and minimum of IEF bands detected were 14
and 10, respectively. The genetic variability index (H') ranged from
0.280 to 0.820, which confirms that local rice cultivars from Northern
Vietnam have diverse glutelin seed storage units.

Key words: electrophoresis — seed storage glutelin — diversity
— rice germplasm

Cereals are an important source of dietary protein for humans.
Rice is unquestionably a superior source of energy among exist-
ing cereal crops. Rice is the most important food crop world-
wide, providing over 21% of the calorific needs of the world’s
population in South-East Asia. (Fitzgerald et al. 2008).

Seed storage proteins do not contain enzymes and have the
sole purpose of providing the proteins (nitrogen and sulphur
source) required for germination and the establishment of a new
plant (Mandal and Mandal 2000). Seed storage proteins are clas-
sified based on their solubility in water (albumins), dilute saline
(globulin), aqueous alcohol (prolamin) and dilute acid or alkali
(glutelin) (Osborn 1924). Prolamin and glutelin are the major
seed storage proteins found in rice. Prolamin is deposited in pro-
tein body I, which is derived from the endoplasmic reticulum
(ER). In comparison, glutelin is deposited in protein body II,
which is derived from the protein storage vacuole (PSV) (Tanaka
et al. 1980, Ogawa et al. 1987). Glutelin, which accounts for
80% of total rice storage proteins, is easily digested. In contrast,
it is difficult to digest prolamin, which accounts for about 20%
of total rice storage proteins.

There has been extensive effort to improve the protein content
of rice grains. Several seed storage protein mutants have been
artificially generated through the use of N-methyl-N-nitrosourea
(MNU) mutagenesis (Satoh and Omura 1981, Kumamaru et al.
1988). It is important to analyse these mutants to understand the
synthesis, processing and deposition of seed storage proteins in
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rice. In addition to artificial mutants, spontaneous seed storage
protein mutants have also been found in the local rice cultivars
of some countries (Jahan et al. 2001, Aung et al. 2003). Charac-
terization of seed storage protein in rice germplasm therefore
plays a critical role in developing the novel genetic resources for
rice quality improvement.

Sodium dodecyl sulphate—polyacrylamide gel electrophoresis
(SDS-PAGE) is a valuable tool for characterizing variation in
the storage proteins of different rice cultivars. Proteins may be
separated by size under denaturing conditions; therefore, this
method also facilitates the estimation of the relative molecular
mass of individual polypeptides (Hilu and Essen 1988). While
SDS-PAGE separates proteins based on their molecular masses,
isoelectric focusing (IEF) separates proteins based on the isoelec-
tric point. Moreover, each subunit fractioned by SDS-PAGE is
composed of at least two polypeptides, which are isolated
through IEF electrophoresis (Wen and Luthe 1985, Uemura et al.
1996, Qu et al. 2002). Many studies have evaluated the genetic
diversity of seed storage proteins from local crop cultivars by
using SDS-PAGE. Examples include Brassica (Rahman and
Hirata 2004), triticale (Igrejas et al. 1999), foxtail millet (Kumarn
and Parameswaran 1998), cereal (Damania et al. 1983, Gorinstein
et al. 1999, Alvarez et al. 2006, Lerner et al. 2009), Arachis
(Bertozo and Valls 2001) and alfalfa bean (Zivkovi'c et al. 2012).
Some studies have demonstrated that the glutelin profile is highly
varied in local rice cultivars sampled from Madagascar, Myanmar,
Bangladesh and Pakistan (Satoh et al. 1990, Aung et al. 2003,
Siddiqui et al. 2003, 2010, Jahan et al. 2005). Studies focusing
on variation in the glutelin profile might provide valuable informa-
tion for collecting and conserving genetic resources, in addition
to broadening the genetic material available for seed quality
enhancement programmes.

Previous studies have reported high genetic diversity in Oryza
sativa, cultivars from China, Thailand, Laos, Bangladesh, Myan-
mar and Vietnam (Oka 1988, Jahan et al. 2001, Aung et al.
2003, Fukuoka et al. 2003, 2006). As reported by Chang (1976),
the belt of primary genetic diversity extends from the Ganges
plains below the eastern foothills of the Himalayas, through
upper Burma, Northern Thailand, Laos and Northern Vietnam,
to the south-western and southern parts of China. This phenome-
non is supported by the existence of high genetic diversity of
larger numbers of local rice cultivars in the Northern Vietnam
(Trinh et al. 1993, Okuno et al. 1996, Fukuoka et al. 2003,
2006).

In this study, we examined the diversity of glutelin in local
rice cultivars from Northern Vietnam using SDS-PAGE and IEF
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Influence of single-nucleotide polymorphisms in the gene encoding granule-bound
starch synthase I on amylose content in Vietnamese rice cultivars
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Amylose content is one of the most important factors influencing the physical and chemical properties of
starch in rice. Analysis of 352 Vietnamese rice cultivars revealed a wide range of variation in apparent amy-
lose content and the expression level of granule-bound starch synthase. On the basis of single-nucleotide poly-
morphisms (SNP) at the splicing donor site of the first intron and in the coding region of the granule-bound
starch synthase [ gene, Waxy gene, alleles can be classified into seven groups that reflect differences in appar-
ent amylose content. The very low and low apparent amylose content levels were tightly associated witha G to
T in the first intron whereas intermediate and high amylose was associated with a T genotype at SINP in exon
10. The correlation between the combination of T genotype at SNP in the first intron, C inexon 6, or C in exon
10 was predominant among low amylose rice varieties. Our analysis confirmed the existence of Wxr allele in
Vietnamese rice germplasm. The results of this study suggest that the low amylose properties of Vietnamese
local rice germplasm are attributable to spontaneous mutations at exons, and not at the splicing donor site.

Key Words: amylose, granule-bound starch synthase I, rice germplasm, single-nuclectide polymorphism,

Waxy gene.

Introduction

Starch consists of two kinds of glucan polymers, amylose
and amylopectin. Amylose is predominantly a linear mole-
cule of a-1,4-linked D-glucose, although some of the mole-
cules are slightly branched by o-1,6-glucosidic linkages
(Takeda and Hizukuri 1987). Amylopectin is composed of
highly branched a-1,4-polyglucans, which are short, linear
a-1,4-glucan chains that are regularly branched by 0-1,6-
glucosidic linkages (Takeda ef al 1987). The physico-
chemical properties of rice starch are affected by the ratio of
amylose to amylopectin and their molecular structures
(Nakamura et al. 2006).

Amylose is synthesized by the granule-bound starch syn-
thase (GBSS), whereas amylopectin is synthesized by the
concerted action of four classes of enzymes: ADP-glucose
pyrophosphorylase, starch synthase, branching enzyme, and
debranching enzyme (Denyer ez ol 2001, Hannah and
James 2008). Granule-bound starch synthase I (GBSSI) in
rice is encoded by the Waxy (Wx) gene (Hirano and Sano
1991, Hirose and Terao 2004, Okagaki 1992). In rice culti-
vars, there are three functional alleles at the Waxy locus:
Wy, Wb, and W, Wx® and Wx® are found mainly in Indica
and Japonica rice, respectively. The expression level of Wx®
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and Wx? are associated with amylose content (Sano 1984,
Sano ef al. 1985, 1986). Expression level of mRNA and
accurnulation of waxy protein in Wx? cultivars is 10-fold
higher than that of #x? cultivars (Isshiki et af. 1998). The
Waxy opagque (Wx°F) allele 15 the modified form of the Wx®
gene and endosperms with the Wx® allele have 10% amy-
lose content (Mikami ef al. 1999, 2008).

The association between amylose content (AC) and
single-nuclectide polymorphisms (SNPs) in the rice W gene
has been described at the splicing donor sites of the first in-
tron (Isshiki ef @l 1998, Sano ef al. 1985), exon 4 (Larkin
and Park 1999, Mikami ef al 1999, 2008), exon 6 (Cai ¢f al
1998, Larkin and Park 2003, Mikami ef af. 2008, Wang et
al. 1995), and exon 10 (Cal ef al. 1998, Hirano ef al 1996,
Mikami et al 2008, Wang et al. 1995). The cytosine and
thymidine (CT,) dinucleotide repeats in the 5'-untranslated
region (UTR) of the Hx gene were reported to be a factor
associated with AC (Ayres ef al. 1997, Bergman ef al. 2001,
Bligh er al 1993). However, the relationship between these
polymorphisms and amylose contents is not clear.

Subsequent studies demonstrated that the SNP at the
splicing donor site of the first intron reduces the efficiency
of GBSS prior to processing of mRNA and causes the low
levels of the mature Waxy transcript, GBSS, and apparent
amylose content {AAC) (Cai et al. 1998, Hirano et al. 1996,
1998, Larkmn and Park 1999, 2003, Wang et al 1995).
Moreover, recent reports show a tight correlation between
SNP in the first intron, coding regions, and AAC (Chen et
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possible role in rice glutelin gene expression and RNA localization
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Abstract RNA binding proteins (RBPs) play an impor-
tant role in mRINA metabolism including synthesis, matura-
tion, transport, localization, and stability. In developing rice
seeds, RNAs that code for the major storage proteins are
transported to specific domains of the cortical endoplasmic
reticulum (ER) by a regulated mechanism requiring RNA
cis-localization elements, or zipcodes. Putative trans-acting
RBPs that recognize prolamine RNA zipcodes required
for restricted localization to protein body-ER have previ-
ously been identified. Here, we describe the identification
of RBP-P using a Northwestern blot approach as an RBP
that recognizes and binds to glutelin zipcode RNA, which
is required for proper RNA localization to cisternal-ER.
RBP-P protein expression coincides with that of glutelin
during seed maturation and is localized to both the nucleus
and cytosol. RNA-immunoprecipitation and subsequent
RT-PCR analysis further demonstrated that RBP-P interacts
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with glutelin RNAs. In vitro RNA—protein UV-crosslink-
ing assays showed that recombinant RBP-P binds strongly
to glutelin mRNA, and in particular, 3’ UTR and zipcode
RNA. RBP-P also exhibited strong binding activity to a
glutelin intron sequence, suggesting that RBP-P might par-
ticipate in mRINA splicing. Overall, these results support a
multifunctional role for RBP-P in glutelin mRNA metabo-
lism, perhaps in nuclear pre-mRNA splicing and cytosolic
localization to the cisternal-ER.

Keywords Rice - RNA binding protein - RNA
localization - Zipcode - Storage protein - Glutelin

Introduction

The fate of cytosolic mRNAs is first established in the
nucleus, where events regulated by cis- and trans-acting
factors determine stability, localization, and translation
(Giorgi and Moore 2007). Trans-acting factors include
RNA binding proteins (RBPs) that, together with their
associated mRNAs and other interacting factors, form a
ribonucleoprotein complex that is eventually exported to
the cytosol (Glisovic et al. 2008). Although this complex
is dynamic, some RBP components recruited in the nucleus
remain with the mRNA well after export and can be found
at the site of translation (Dreyfuss et al. 2002; Glisovic
et al. 2008). This is true of some heterogeneous nuclear rib-
onucleoproteins (hnRNPs), RBPs that are involved in one
or more aspects of nuclear and cytosolic RNA processing
including RNA splicing, turnover, localization, and transla-
tion (Krecic and Swanson 1999; Dreyfuss et al. 2002). In
fact, many RBPs have been reported to perform multiple
duties within the cell and this functional diversity is due in
part to the presence of one or more RNA binding domains,

@ Springer
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Axillary Meristem Formation in Rice Requires the WUSCHEL
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Wakana Tanaka,?* Yoshihiro Ohmori,2» Tomokazu Ushijima,® Hiroaki Matsusaka,® Tomonao Matsushita,®
Toshihiro Kumamaru,© Shigeyuki Kawano,? and Hiro-Yuki Hirano®2

aDepartment of Biological Sciences, Graduate School of Science, University of Tokyo, Bunkyo-ku, Tokyo 113-8657, Japan
b Department of Integrated Bioscience, Graduate School of Frontier Science, University of Tokyo, Kashiwa-shi, Chiba, Tokyo
277-8562, Japan

¢Faculty of Agriculture, Kyushu University, Fukuoka 812-8581, Japan

ORCID IDs: 0000-0002-2635-5462 (W.T.); 0000-0003-4870-1247 (T.K.); 0000-0002-4491-941X (S.K.); 0000-0001-7364-8893 (H.-Y.H.)

Axillary shoot formation is a key determinant of plant architecture. Formation of the axillary shoot is regulated by initiation of
the axillary meristem or outgrowth of the axillary bud. Here, we show that rice (Oryza sativa) TILLERS ABSENT1 (TABT; also
known as Os WUS}), an ortholog of Arabidopsis thaliana WUS, is required to initiate axillary meristem development. We found
that formation of the axillary meristem in rice proceeds via a transient state, which we term the premeristem, characterized by
the expression of OSH1, a marker of indeterminate cells in the shoot apical meristem. In the tab?-1 (wus-1) mutant, however,
formation of the axillary meristem is arrested at various stages of the premeristem zone, and OSH7? expression is highly
reduced. TAB1/WUS is expressed in the premeristem zone, where it shows a partially overlapping pattern with OSHT. It is
likely, therefore, that TABT plays an important role in maintaining the premeristem zone and in promoting the formation of the
axillary meristem by promoting OSHT expression. Temporal expression patterns of WUSCHEL-RELATED HOMEOBOX4
(WOX4) indicate that WOX4 is likely to regulate meristem maintenance instead of TABT after establishment of the axillary
meristem. Lastly, we show that the prophyll, the first leaf in the secondary axis, is formed from the premeristem zone and not

from the axillary meristem.

INTRODUCTION

Plant architecture such as shoots and inflorescences are greatly
influenced by the branching pattern (reviewed in Wang and Li, 2008;
Domagalska and Leyser, 2011). Shoot branches grow from axillary
buds, which are derived from the axillary meristems formed at the
axil of leaf primordia. Branch formation is regulated at two de-
velopmental stages: inttiation of the axillary meristem and outgrowth
of the axillary bud. The latter event, which is induced by derepression
of bud dormancy, is regulated by a coordinated action of phy-
tohormones such as auxin, strigolactone, and cytokinin (reviewed
in Domagalska and Leyser, 2011). Whereas there has been
rapid progress in our understanding of bud outgrowth, the
mechanism of axillary meristem initiation is insufficiently un-
derstood at present.

Genetic studies have revealed that initiation of the axillary
meristem is regulated by genes such as MONOCULM1 (MOCT),
LAX PANICLET (LAXT), and LAX2 in rice (Oryza sativa) (Komatsu
et al., 20083; Li et al., 2003; Oikawa and Kyozuka, 2009; Tabuchi
et al., 2011); barren stalk1 in maize (Zea mays) (Gallavotti et al.,
2004); LATERAL SUPPRESSOR (LAS), REGULATOR OF

1Current address: Graduate School of Agriculture and Life Sciences,
University of Tokyo, Yayoi, Bunkyo, Tokyo 113-8657, Japan.

2 Address correspondence to hyhirano@bs.s.u-tokyo.ac.jp.
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AXILLARY MERISTEMS, and REGULATOR OF AXILLARY MER-
ISTEM FORMATION (ROX) in Arabidopsis thaliana (Greb et al.,
2003; Keller et al., 2006; Miller et al., 2006; Yang et al., 2012); and
Lateral suppressor (Ls) and Blind in tomato (Solanum lycopersi-
cum) (Schumacher et al., 1999; Schmitz et al., 2002). Most of these
genes encode transcription factors belonging to the GRAS, MYB,
and basic/helix-loop-helix families and are required for the early
steps of axillary meristem initiation. These genes are expressed in
distinct patterns in the axil of leaf primordia, for example, in the
region where the axillary meristem initiates or the boundary
region that discriminates the developing axillary meristem
from other tissues. Recently, it has been demonstrated that
auxin depletion and cytokinin signaling in the leaf axil are
required for axillary meristem formation in Arabidopsis (Wang
et al.,, 2014a, 2014b).

The shoot branch in rice is called a tiller, and rice propagates
vegetatively by tillering (reviewed in Wang and Li, 2008; Pautler
et al., 2013). Therefore, understanding the mechanism of tiller
formation in rice is important not only for basic biological
knowledge but also for agricultural improvement. A tiller is formed
from an axillary bud (tiller bud). Unlike in Arabidopsis and tomato,
where the axillary meristem forms on the adaxial side of the leaf,
rice generates the axillary bud on the culm (stem) in the leaf axil
(Li et al., 2003; Oikawa and Kyozuka, 2009). In rice mocT, lax1,
and /ax2 mutants, the tiller is absent or highly reduced, and
the branching of the inflorescence (panicle) is compromised
(Komatsu et al., 2003; Li et al., 2003; Oikawa and Kyozuka, 2009;
Tabuchi et al., 2011). The genes responsible for these mutations
play crucial roles in initiating the axillary meristem. OSH7, which is
a marker of meristematic cells and a homolog of Arabidopsis
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Abstract

Rice glutelin polypeptides are initially synthesized on the endoplasmic reticulum (ER) membrane as a proglutelin,
which are then transported to the protein storage vacuole {PSV) via the Golgi apparatus. Rab5 and its cognate acti-
vator guanine nucleotide exchange factor (GEF) are essential for the intracellular transport of proglutelin from the
Golgi apparatus to the PSV. Results from previous studies showed that the double recessive type of glup4/rab5a and
glup6/gef mutant accumulated much higher amounts of proglutelin than either parent line. The present study dem-
onstrates that the double recessive type of glup4/rab5a and glup6/gef mutant showed not only elevated proglutelin
levels and much larger paramural bodies but also reduced the number and size of PSVs, indicating a synergistic
mutation effect. These observations led us to the hypothesis that other isoforms of Rab5 and GEF also participate in
the intracellular transport of rice glutelin. A database search identified a novel guanine nucleotide exchange factor,
Rab5-GEF2. Like GLUP6/GEF, Rab5-GEF2 was capable of activating Rab5a and two other Rab5 isoforms in in vitro
GTP/GDP exchange assays. GEF proteins consist of the helical bundle (HB) domain at the N-terminus, Vps9 domain,
and a C-terminal region. By the deletion analysis of GEFs, the HB domain was found essential for the activation of
Rab5 proteins.

Key words: Guanine nuclectide exchange factor, helical bundle domain, intracellular transport, in vitro GEF assay, Rab5,
storage protein.

Abbreviations: COP, coat protein; CTAB, cetyltrimethylammeonium bromide; DDBJ, DNA data bank of Japan; esp, endosperm storage protein; ER, endoplasmic
reticulum; GEF, guanine nuclectide exchange factor; glup, glutelin precurser; GMP-PNP, 5’-guanylyl imidediphosphate; HB, helical bundle; KOME, knowledge-
based Oryza molecular biological encyclopedia; MNU, N-methyl-N-nitrosourea; PB, protein body; PDIL, protein disulfide isomerase-like; PMBs, paramural bodies;
P3V, protein storage vacuole; RAP-DB, rice annotation project database; PVC, prevacuolar compartment; RiceXRro, rice expression profile database; RT, reverse
transcript; SALADA, alignment diagram and the association dendrogram; SPR, surface plasmon resonance; WAF, week after flowering.
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An NAD*-dependent L-tryptophan dehydrogenase from Nostoc punctiforme NIES-2108 (NpTrpDH) was
cloned and overexpressed in Escherichia coli. The recombinant NpTrpDH with a C-terminal Hisg-tag was
purified to homogeneity using a Ni-NTA agarose column, and was found to be a homodimer with a
molecular mass of 76.1 kDa. The enzyme required NAD* and NADH as cofactors for oxidative deamination
and reductive amination, respectively, but not NADP* or NADPH. L-Trp was the preferred substrate for
Keywords: fleamination, though L-Phe was deam_inated ata much_ lower rate. The enzyme exclusively am_inat‘ed 3-

g indolepyruvate; phenylpyruvate was inert. The pH optima for the deamination of L-Trp and amination of
L-Tryptophan dehydrogenase . . S N . .
NAD* 3-indolpyruvate were 11.0 and 7.5, respectively. For deamination of L-Trp, maximum enzymatic activity
was observed at 45 °C. NpTrpDH retained more than 80% of its activity after incubation for 30 min at pHs
ranging from 5.0 to 11.5 orincubation for 10 min at temperatures up to 40 °C. Unlike L-Trp dehydrogenases
from higher plants, NpTrpDH activity was not activated by metal ions. Typical Michaelis-Menten kinetics
were observed for NAD* and L-Trp for oxidative deamination, but with reductive amination there was
marked substrate inhibition by 3-indolepyruvate. NMR analysis of the hydrogen transfer from the C4
position of the nicotinamide moiety of NADH showed that NpTrpDH has a pro-S (B-type) stereospecificity
similar to the Glu/Leu/Phe/Val dehydrogenase family.

Nostoc punctiforme
Amino acid dehydrogenase
B-type stereospecificity

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Amino acid dehydrogenases (EC 1.4.1.X) catalyze the reversible
NAD(P)*-dependent oxidative deamination of amino acids to their
corresponding 2-oxoacids and ammonia [1-3]. More than fifteen
kinds of amino acid dehydrogenases, including those acting on L-
Glu, L-Ala, L-Ser, L-Val, L-Leu, L-Gly, L-Lys, L-Phe and L-Asp, have

Abbreviations: TrpDH, L-Trp dehydrogenase; NpTrpDH, NAD*-dependent L-
tryptophan dehydrogenase from Nostoc punctiforme NIES-2108.
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been identified in various organisms [1,4,5], and detailed analy-
ses of the structures and functions of L-Glu dehydrogenase [5],
L-Leu dehydrogenase [6,7] and L-Phe dehydrogenase [8] have been
reported. In addition, several amino acid dehydrogenases have
been applied for use in biosensors for L-amino acid, 2-oxoacid and
ammonia assays [1,9], disease diagnosis [10,11], and amino acids
synthesis [9,12].

As compared to other amino acid dehydrogenases, L-Trp dehy-
drogenase (EC 1.4.1.19, TrpDH), which catalyzes the reversible
oxidative deamination of L-Trp to 3-indolepyruvate in the pres-
ence of NAD(P)*, has not been extensively investigated from the
viewpoint of it biochemical or biotechnological potential due
in large part to its extremely limited distribution. The enzyme
was first identified in several higher plants (e.g., Pisum sativum,
Spinacia oleracea and Zea mays, etc.) in the mid 1980s [13], and
was partially characterized at that time [14-17]. There was then
no further investigation of the enzyme until the product of the
Npun_R1275 gene (npun_r1275) from the cyanobacterium Nostoc
punctiforme ATCC 29133 was found to exhibit NAD*-dependent
oxidative deamination activity toward L-Trp [ 18]. This was the first
microbial TrpDH known, and its gene (npun_r1275) was located
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Abstract p-isoleucine (p-Ile) can be assayed using
chiral chromatography but the availability of that
method is limited by the necessity for special expertise
and expensive equipment. We therefore developed a
simple and specific colorimetric assay system for p-Ile
determination using an artificially created NADP™*-
dependent p-amino acid dehydrogenase (DAADH).
The system consists of two reaction steps: the first is
the quantitative conversion of p-Ile to (3R)-2-0x0-3-
methyl valerate by DAADH in which NADP™ is
converted to NADPH, while the second is chemical
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conversion of NADPH to reduced water-soluble
Tetrazolium-3 via a redox mediator. p-Ile was deter-
mined from 1 to 50 uM, and the assay was unaffected
by the presence of any of three other isomers
(100 pM), alcohol and organic acids.
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Abstract D-Branched-chain amino acids (D-BCAAs) such as
D-leucine, D-isoleucine, and D-valine are known to be peptide
antibiotic intermediates and to exhibit a variety of bioacti-
vities. Consequently, much effort is going into achieving
simple stereospecific synthesis of D-BCAAs, especially ana-
logs labeled with stable isotopes. Up to now, however, no
effective method has been reported. Here, we report the es-
tablishment of an efficient system for enantioselective synthe-
sis of D-BCAAs and production of D-BCAAs labeled with
stable isotopes. This system is based on two thermostable
enzymes: D-amino acid dehydrogenase, catalyzing NADPH-
dependent enantioselective amination of 2-oxo acids to pro-
duce the corresponding D-amino acids, and glucose dehydro-
genase, catalyzing NADPH regeneration from NADP" and
D-glucose. After incubation with the enzymes for 2 h at 65°C
and pH 10.5, 2-oxo0-4-methylvaleric acid was converted to
D-leucine with an excellent yield (>99 %) and optical purity
(>99 %). Using this system, we produced five different
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D-BCAAs labeled with stable isotopes: D-[1-"*C,'*N]leucine,
p-[1-"*C]leucine, p-['*N]leucine, p-['*Nlisoleucine, and
p-['*N]valine. The structure of each labeled p-amino acid
was confirmed using time-of-flight mass spectrometry and
nuclear magnetic resonance analysis. These analyses con-
firmed that the developed system was highly useful for pro-
duction of D-BCAAs labeled with stable isotopes, making this
the first reported enzymatic production of D-BCAAs labeled
with stable isotopes. Our findings facilitate tracer studies
investigating D-BCAAs and their derivatives.

Keywords D-Branched-chain amino acid synthesis - D-Amino
acid dehydrogenase - Stable isotope - p-['*C,'*NJamino acid -
NADPH regeneration

Introduction

It is now known that many organisms contain D-amino acids in
either free or conjugated forms (Friedman 2010; Friedman and
Levin 2012; Martinez-Rodriguez et al. 2010). And although
their physiological functions are still largely unknown, their
involvements in several specific bioactivities and cell functions
have been reported in recent years. For example, it was recent-
ly reported that accumulation of D-serine is involved in mam-
malian brain function (Nishikawa 2011), and that
incorporation of D-amino acids into proteins is associated with
some human diseases (Katane and Homma 2011). In addition,
notable bioactivity has been reported for D-branched-chain
amino acids (D-BCAAs). For example, D-isoleucine appears
to be involved in promoting growth of the matsutake mush-
room (Tricholoma matsutake) (Kawagishi et al. 2004), while

D-leucine triggers biofilm disassembly in Bacillus subtilis

@ Springer
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Escherichia coli BR408

Dr. Fred Antson (Professor, University of York, #[E])
Thermus”7 77— ¢ OH2 77 /) A
AR 3

Kitasatospora griseola
Streptomyces endus
Streptomyces griseus
Streptomyces lividans
Streptomyces coelicolor
Streptomyces azureus

Streptomyces laurentii
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VI. EXHE
INSTITUTE OF GENETIC RESOURCES

The institute of Genetic Resources had been established in May, 1987, and
was then reorganized in April, 1997, within the Faculty of Agriculture,
Kyushu University. The Institute is devoted to basic and applied studies on
genetics with special interest in the stock maintenance of agriculturally
important organisms. Silkworm, rice and fermentative microorganisms are
chosen as the main materials from the viewpoint that their scientific
researches have been carried out and developed chiefly in Japan. Emphasis
has also been placed on studies at molecular level to contribute to the
development of biotechnology and to establish gene libraries of these

biological resources.

Silkworm Genetics Division
BANNO, Yutaka Ph.D. Associate Professor
YAMAMOTO, Koji Ph.D. Assistant Professor

a) Linkage analysis of silkworm

b) Mutagenesis and teratogenesis in silkworm

c) Analysis of gene expression

d) Maintenance of the mutant stocks

e) Construction of a genetic linkage map of silkworm genome

f) Cytological studies of the deficient and translocated chromosomes
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Plant Genetic Division
KUMAMARU, Toshihiro Ph. D. Associate Professor

a) Resolution of the mechanism controlling the transport and the accumulation of the seed
storage proteins in rice.
b) Construction of the rice mutation pool.

c¢) Conservation and evaluation of rice genetic resources.

Microbial Genetics Division
DOI, Katsumi Ph.D. Associate Professor

a) Survey, development and preservation of microbial genetic resources
b) Genetics and breeding of industrial bacteria: Streptomyces, Lactobacillus,
Bacillus, Thermus, etc
c¢) Functional analysis and application of novel and useful genes found in industrial
bacteria
d) Isolation and characterization of bacterial and archeal viruses

e) Investigation of biomineralization in geothermal environment
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