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Elucidation of mechanisms of biomaterial conversion mediated by amino
group-modifying carrier protein and application
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In this study, we found that lysine biosynthesis via a carrier protein
(AmCP) that binds to the amino group we have previously found is widely distributed in the
thermophilic archaea with evolutionarily old origins, and that it is also utilized as arginine
biosynthesis system, suggesting that the system i1s the key to clarifying the biosynthesis evolution.
We also succeeded in elucidating the crystal structures of complexes of various biosynthetic
enzymes and AmCP, revealing that they recognize each other by electrostatic interaction for
efficient reaction. Furthermore, we discovered that biosynthesis diverted from this system is also
used for secondary metabolism of actinomycetes. All these results also clarified that the system
plays an important role as a biosynthesis system.



¢ X C—19, F—19—1, Z—19,.

1. WFEB AR 4P D &

B FALBEMD BV R F VTS L.
RICHEZESZ & TAEARMIEE IR L
SHDDHX VT X7 BHlL, IENIEEA R
R RYTF RERRIZANTZESNDNR, T
R BICHEAS LERKROX Yy VT X0
ELTHEETA b DI NETRAVWEENRT
Wiphote, Bxld, AEMIE(Q) DML LS
\ZHENE > T, = E A VR Thermus
thermophilus DV ¥V U HEERRIZBWN T, 72
JRECHEAET LI XYV T XN TE
(Amino-group Carrier Protein; AmCP)% i
HL7z, £ZC, AmCPI{ZOWTH /) bh~A
=V T EAT o T RER, AmCP 23U 22 LIS D
T BEGKRIZEEDbo TSI E, &6
WA O AN H AmCP 238 538
PO AT AFET D Z ENRB S, £
DOYEEBARIZB W CTEEREE 2O &
DHER 7=,

2. WO HEB

B 22 (ST e SE O PR B R FRIZ L v
AmCP %9 LTeWWEE Y AT AR Y R0

ThXx=mvbnol—kREEITICHE LT,

TR R ERE 2 e REME A DA A RGRIC
BOWTEERZE Z R L TWD I & ARE
Sz, ABHFETIEL, AmCP 233 L 4
MEROT =T DY« TAX= AL
FCRIZBI LT, A RIS T 5 & 361,
X B ST 72 O FEEZ OV TE LS
k%S D AmCP °HE OFRGRIsAE & i 32
LT, RS Y AT ADERET A5 T 5
MEPLNCTDHEEHIC, AAKRY AT A

DOEICEETAIEREED D Z L2 HME LT,

S DITHARE I T 2 ZIRIETFEM A B RiCR
B LT, AmCP DY AT ANED L HITH
AL LT, REDILEMEZ GRS DD %]
5L, AmCP O v 27 A3 5 KKK
EOREDOITEZBE LU T, FiEmEOAEE
BRAREE DA 5 NS, FZICEENDHH
DEIERRE LA M TR OWE, T72bb
RIRI FAlls D AR 2 Al T~ A A D
—WEA LT A LA B LT,
3. W Hik
@ T thermophilus ®V ¥V AEKIX., a—
FRTNVEIVEENS a-T 2 ) TV R
(AAA)E TORPEERE AAA B U YU ET
DB T b D, EEAHBRIEBIZIBN
TiZ, LysW 28 AmCP & L TAAADT I/
HITHEA LT E . AAA ORIBEN A IS
ZETRICPEITT 5, LysW D&BERICE
DEICEH SN TWEINLEHLNIT S
72IZ, LysW HUK, I L LysW & &5
ML OEAERORREL BfE Lz, £o,
T —X 7 Th D Sulfolobus acidocaldarius
<> Thermococcus kodakarensis b T
thermophilus & [FIER72 lysWi & T8 a1
T AZ =R S, FRRREETY DU E
BT LD EBE LN, FO—FT, H
HRWZ Lo, 2o FiEIciE, 70X
SUVERBIZBT AT NVE I VRN G AL

CK—19 (Jtm)

=F U ETOEBEZM S FERBERTHNT
FE Lo te, LysW 295U DU ERRK
ZORIGRITTAE = AELSRKO EROK
IR EBELTWD Z &b, VYU ARRK
FERREN SRR L LT DU BLUT
W=D G OEGHRIZED D b0 & HE
B U7=, ZD7=8., Iin vitro TOXKEEZE OB
REfEATIZINZ T, ZN 6 OB F2iE LT
B RIRORBERMEZT L2 E LT, KBt
RO AT, TOMERERGET 5 Z
L,

@ T —F% 7 ORI 1T EBRAE TS
WO ERmbn DT,
SR TIXELTRD L 5 2BsT LY
— hU—DEZELTELT., b RVEE
FONER G R/RREZA L, B L&
BIZH L CRRET D2 T, AFICnER
RMEITo TV LB BENTWD, A5
ZZAT LTV W T, EILmICBFAEY O
EJFIENWE SN T =T DU VU ES
FAZ BN TIE, AmCP LA D% 210 i
O RN SEREEE RT 2 E RS
MmElpole, ZORRITNGLETHI I -
TNX =G RBERENELE O —
FTIZBWTUIRIE ARG LOIKEET, #LD
AT 2 R A S 23Rl E L THEEL TV
HEEZEZBND, THUTAEYOHEAL B T
HERMRZ 6T ENG, 7T—F 71
BT AmCP M 2 a0 A A kR
WZOWTHIEERFREAFDHZ LT, £
b b EIERIEOIRREA MR L. B OEL
{bEmaEEEE L) D EMEaET 52 L &
Lo, Flo, ZNHDOEEFEIZOWNT, ka7
R Z A LT 2 X b A S A a1 &
DIRE L, AT WKL DOBREFE D &
DEIICLTHEDOKEZBH#HT 200%
AN THZEE LT,

@ HFOWEM 7 /) 212% LT AmCP % =
— K32 IysW OFEEZRILLZEZ A,
Streptomyces sp. SANK 60404 ¥ L O
Streptomyces griseus 75 £ D FHREIZ IysW
DREQTPFHETDHEERM L, 20
— 75T, WML DAP BREEIC L) VrE
BT DI ENRMBILT WD, HHRE
WCRHEENY) VU EARBEREN O 7 Z
A B —=5, ZRAREED OEG IR D b
O EHER LT, & Z T Streptomyces sp.
SANK 60404 3 L OV S, griseus N E T 5 i&ix
T T AL —Hw R E L, amep Bl TEE
To R & BRI O KIG I 7 v — Ak,
B HVIIIFIE 2T 5 8 As T Ek & E
L. &7 D46 PR A& EY) O S
WEEITHZ LT AmCP RED L H 72 %k
RMEY O EFEICEH D > T D 0 & T
Ll

4. WFIERE

@ T thermophilus®V ¥ > RO % 134508
WZBWTIE, LysW 28 AmCP & L TAAA D
7R HITHEE Lo E E L AAA OISHD A1
SIVIEDNETT 5, AMFZEICIBWNT, &4



B S D LysW ik X2\ 60T 572
DIZ, LysW Bk, IO LysZ LysW #4&
&, LysY LysW #EIKOREdAE G 2 - E L
7212, ZORER, LysWIENEKDZn 7 1>
H—HEEE AT LK N AL C KD
flexible 72ffifE KA A b le b | sy 12k
N AICHELTWDZ ERHEL NI
>72(X 1 7)., LysZ B X LysY Of&E il
FIT, TEEFLORE Y ITIZIEICHEE L2 E
WMATHFEL, AICHE LT LysW 3% OfEhk
RS LTV 1 4),

" AAA *)\_
; r/f \'5;54
h{%& | .
E S Lysw Complex
gy
& 1. LysW O#fE g () & LysZ - LysW @

BEMAEIEM.

F 72 VBUBRRN T &S GEESUG & 1T 9 LysZ
& LysY Id LysW O3 9 [ #dak L Tz,
BTV T EAT o oRER LysZ & LysY 1357
KEE < LysW ZRIFHCE# T 5 2 &
5. LysW X LysZ & LysY & =& A KEZE
p L. LysW o CoRbmiZfmLzsns I
EROMIBHIZB W T, LysZ Sl > TAEL
TEREEIRTINHRF T Vg%, flexible 72
CEKFNAA % swing 5 & T LysZ O
PEFL D LysY OTEMEF L~ & ES X Z R
0 AT D 2 & A HER & 7= (K 2)2),

LysY-LysW
° interface

L2

.
oo 2"
LysW-AAA 2./

e | &
Y8 W Y
et :
T Lyswoasap COM VQ:J\\

COOH

LysY tetramer

X 2. LysZ LysY LysW =& #E&E0ET 1.

THRUSMTEH . UV U ERRDRKBERST
HD LysW-U o rinb U vrzatdy i K
I fRiEd 5 LysK 0 VU ¥ Ui AT DG Sk
EERETDHZ LKL 9, LysK O7
I BREBRD LysW-U B X C KE
AT F R ERWZEERNT., B X
simulation (24X > T, LysK * LysW-U 2>
HEKRET L AERL LT,

S. acidocaldarius (213 lysW = &ie ) Vv
EEROBYE A O BERBIR TV T AKX
—BEETLHHOO, A7 —FT7I121% AAA
DT 2 HE LysW TIEAfiT 5% LysX &
aO— RTHBRTFRERTN2OGFET D,
T saci 0754, saci 1621 OKERE® iIn
vitro 3 X O in vivo THEHNT L 72 fi 5.
Saci_0754 78 Lys ZEA LD LysX & L THERE

L. LysW (2 AAA # {1 L T LysW-AAA %
ARkt 52 &L % LT Saci_1621 1 LysW (2
TN UEEMILT LysW-27 L% 3 >
aEArmRTsdsZtxHLOMNMNILE, S
acidocaldarius | 213, #WHE DT VX = AE
FROWHKBEZTHDHINE IV BOT BF
NMMEBEREBGE T2 L E L TT X =
ERRICBT DT NVE I VBN AN =F
VSO BB RS L S e
W, TDO—FT, LysW 20950 ER
AL EEIET VX = SR DO I Z I
B/ G AN =F o ~DIEHIL &L L7
I TiThbind, Lich-o T, Fexlx., S
acidocaldarius 2 3> Tl Saci 1621 2
ArgX L L THEBEL . LysW IZZ7v¥ X Uig
AL %. VU AR AR D RN
ZHSRERER & L CHEBE L. LysW l2f L7z
TNH I VEREA N =T BB L, TILE
= VAEBRRDOBRETHDBRBEYA T L
FN=F o EEET 500 HERIL72(X 3
) TORMERIMET D720, S
acidocaldarius ® LysX., ArgX SRS DIR DX
it & filE g 5 B LysZ (22U T in vitro C
HEREfRNT 21T 72 & 2 A, LysZ 1%, LysW IZ
LT AAA & 77 3 UFRORIHE OF
WERERE T, AR ThH L IR FTT Y
Btk 52252 L3 gyinolz, ZORBRIC
Mz <, IysX. argX OWENZTNLI., V
VU TNAX=VERMEICR DL lysWD
RN Y P e T AF = O HFITx L
THERMEERLEZI ED2B ., S
acidocaldarius ® 'V 2 A % E I
LysW-AAA F721% LysW-7 v % X Vg% A+
T LN ORI ETERETHD . R
WRIVEY) DR DO RFHOOE DL EZ L
NTWDEREEEZ R T2 2B LML
79,
AAA  FLESUE

COOH Moo coon

oooo

LLLL

U/; “;';L:LN#‘/
X 3. S. acidocaldarius ® AmCP %43 3%
VOV TARVESREE) &
ArgX LysW AR O g ECR).

F 7o, ArgX 12OV T LysW OEAERORE
PG AR ET D Z ST L7=(K 3 ),
FIREICAIZH T L 72 LysW 23 ArgX g
DEFET EICHE L ZEic @i I
oo IDIT, T OREEEZ RICHE L OWE
RZERLL . ArgX & LysX ORE 254



D DITHEIRT I BFRIEZ A G NN LT 9,

FxrxixFknwT, 7 aiEHRNL S
acidocaldarius & VI RN BRI DT —F7 T
& % T kodakarensis Tl LysX DRER
M1IDOULNFELRNZ Enb, VP VAER
IR D D T R TORENT V¥ =
VHEARE B TS RTRENE A HEH L=,
I T, VU UEREEEICED KRR
KIGE 2 AW THAEE, HRL, 2ol
ERTHNT 1 Ry MNUREIToT2E 25,
TAE D IZ AAA Z#55E & L CTHWERRZIE
VO vk, VA R RAWTERRZIE A L
=F U ERERT DI ENHE LN E R oT Y,
X 512, T kodakarensis ® LysX/ArgX O
nui S 2 € L, Sulfolobus © ArgX <2 T
thermophilus @ LysX & O 7 3 7 BB, 35
L OV AEE L OEVD D, ZOREE T 7 2
V—OEE R REREWELMHT 52 &
WZHAEI LT 9,

T kodakarensis DV 3 A% -85y D
BERBEO R TN EHRRMERH D Z LB
IR o123, BPEEO SUG & 48 9 BE R 123
WTHLEHREEEZET 5 Z R THEIN,
Z 2T, WP OBOSEAT OBER D 15T
bD B MR KFEERET 7 IV —IZET
% TKO0280 {22\ T, & D AR Z FRGE L7
LAV VUEEK, v A v AE R TCA
BIROEE (ZhEh, FEA YV 7T U8,
AV Tue N Al AV 7TV B

FEHLLTGERT &R mroTe, £ T,

TK0280 DAHREA V7 =, 2V 7ot
N TR A Y T RS DBEAIED R
WEXET 21T o 72, ZDfEH., TK0280 Tl
FAWTEEE O y (L OREEDEWNIIH D S

T NG EEE A RITRE CHREE Lo Tz,

WL, I oEoE#EETH D D
-V Ay A m R L TRl £RAE
DOIERE LOEWTH D y MLIZB L Tk
AR EERSC, DT AR DKFEES TR
LTWe o, ZOfRNS, FERT, LY
D—EBOMEE 258 < kT 2 LIAMTIE, Bk
IEEERTHRENAD I DREOHONR
o bERH L, TORT v SOIEBIIZIE
DA ZIT > TN ERNb5(K 4),
[~7 72U —=lZBW L, RofbDigEHE %2 o
— R D8P EE LTk, SESRICH
LU= EEBNAR 7 v FNICEAZ L, y (LIS
RKLUTED mOWRER ML L OB~ L
WAL U722 & 3 HER S 72,

Mn2*/HIC

X 4. TK0280 DAHREAL Y 7= (., &H).
A4 V7 B(hR, FL DY), 24 Y Fm
ey v IBRGE, BV 2 )EAREE.

@ xR EICY IysW OFRT R 703 %
ETDHZ L2 AHLTWD, BEREITZ DAP
BREBIZED VD 2AERRT D ENMG
NTna=H, RHENY O AR RS
HRLD 7 T 22 —1T ZIRACEPEY D A= B Rk
bbb LRI, 22T
IysWamep). IysX. lysZ. lysY 73 8 DKRTE
0 J &% 49 5 Streptomyces sp. SANK
60404 ZXHE L, ZTOVATLANED LD
AL B OEEBICTHON LTV %
LEMMZTBHZEE LT, LysX "ET 7N
AmCP 128D X 9 b &M EfES S E D0
FHONCTAZIEEZEME LT, LysX ©
ROBUSZ s %A 2 — K95 IysZ
RE R T OERZERL LT, [RREER) S
AmCP #FEERAZHERL, £0 C KIZHEE L
TWALEMOREE % MS/IMS % FV THENT
L7zE A, CRIZIZTNZ I UBENHINL
TWDHZERHLMNE RS T2, ZOAERER
T AmCP IZftman=r7 vz I Ui
LysZ. LysY O&Ea Z3MEAL, 7%
VERIBEAE I T AT RMEENTER. &5
(AT D DER A 2T A& LysK €
072k -5 T AmCP 2680 HHEN Db D
EHERI L=, 22T, IysK OEKND
AmCP FHERZ KR C Rinld s & fEpT L.
AmCP 75810 B S D AT &G &%
"5 2 xR A TR, mz
193.1183[M+H*], 433 C7H16N204 TH S
naE®H AmCP @ C RICHEALTWD
ZENHLMNIIR ST, T RITNS YO
TN I UBRIZHART CX2, N X1 OHEMN
bHZ LN, ZORMOEMIZIZET A
I —RIZLD 2O RS, TR 5
HBEBEBRICLDT I LGB EEND &
HERI U7z, amep &8I 7 T AKX —H
WCED XD RERE LT ERRE LA,
TREY OBBEBETNHEET D EBTho
T2e T 2T, IysWXZYK A TEND DI
5t a RIGE CRA ST A, L
bW INERE STz, T OALE Y OREE R DY
SRR RIS AT L. BT D IES
YRy EVET R/ #2(28,3R)-diamino-(5R,7)-
dihydroxy-heptanoic acid (DADH) T % &
[mE L7=(X 5)7,

Tkb
C I K KOG KK K K]
orf5 orf6 orf7 orf8 AT orf10 orfi1orfi2 orfi3 orfid
O X XD N apEE o >
orfi5  orfi6 orfi7 orf18 _ orf20 “lyix “lysz" N
orf19 “lysy” “lysK"” TK-C
y&:;on:o»;oﬁ;tw)wx e
e T R N =2y T L
o*ou oo, o o N p° e 2 el o

o o NRPS, =
“Lysz" “Lysy" AT LysK "o

etc.
Glu DADH

X 5. Streptomyces sp. SANK 60404 12
B3 amepE FRBIEBETF 7 7 AF¥—& AmCP
IZ &> THEL N 2518 {t&% DADH &

vazabitide A.

Vazabitide A



KEET 7 T AZ—OBEIIZHEY R —
LT F REAERZE(INRPS)E a2 X U
L LT, EffifEEEN ST ET SH(K 5),
TDZEMBERT T AF =BT F KD
b ERKED E L TAEART A HLOT
HoT.DADH [3FEX 7 8WT I D
HEEEFHEAEE L TEOIEWIZEY IAE
NHLEOEHER LTz, 22T, FalT bkl
7o IlysK A€ 0 7 ORIBETHEEN LR
<720 . DADH O L 0 AFENREIET S
L& % Efifts LC/MS/MS % W TR L
oo RSN bEMERR L, 2%
NMR % H W CHRE LR, Fbawix
L-Val & DADH HRDIERTTF KT I g
WORMMS TR XTF MMeawmTh b
T EDGD . A vazabitide A L L
7=(® 5)7, Z oAz T DADH &
1-azabicyclo[3.1.0]hexane BR(UAF 7 v
I B EAT L a7 I A S
nNCTWe, 7THEev 7 uiRz64 5K WE
LTk, ZhECcmEEEEEr AT S
azinomycin B . HiE &% % A T 5
ficellomycin L HiffS Tl 63, KA
DEMEEYE & S 2%, azinomycin B £
BNEEE LT T ATy e —
fbEH., ZOEFINIHL NI/ > TWD D,
ZDOHNZ lysWXZYKRe b T v A b T —F,
TR EREBEERGTNTEETDLI LN
5. azinomycin B & %72 DADH %4 &RkH
R E LTAGRSIND Z ERRBI T,
AR @Y | HOBRE 21X DADH %4545
AmCP ANz, 2 & i3 LRSI R D |
C KR T ALEX= 125> T 3 AmCPEL
M, ZhETOXA 7% AmCPI, #HLL K
Oholz& A4 7% AmCP II & IE5)% S,
griseus |[ZRH LTz, £Z T, i 848 k&
DOFHREIZ R LT, AmCPI, AmCP II Of%:
FEANZKINT D7 T A ~—% et L. okt
FIZBWT AmCP B L TAGREND
ICEMERBRT DL L, amep RYT
S TRECR LT, I b= 2T
ZITWOAmCPI ZH 34560 & LT 12 FE,
AmCP Il #3425t D E LT 8 kERHL
7o AmMCPIZHT HKOER TV T AF—
ICEENDIEETIIZHETHY, ZNHDY
T AL =K o TR EOILE MR 4
BRSID Z ERHERIS L, EDOH D, $56
R 58 70 kb O fEk & SRR ALARE S
lividans TK23 ¥RIZEANT 5 Z & T, #Hilk
AW sb6-pl % HAHE L 7=, s56-p1 i< DADH H
KDgiEE 2T E LT ZFONRIZTY v~
AL TEBY., 7T aBIZiZ Y A
YA KTV, NTEFALRT
A UBFEE LTI F A TH D
(2 6)®, =D X 51z, DADH I3/ #E IC B
TATF PR EY O E 2L
IR T 28ICAMTH D Z &N NI
URSISY VN

o
Glyoxylate o
hydroz vo_J

b
o
s56-p1

X 6. AmCPI Z=a— K3 A3&EFE2HETD

7T A H—L sb6 KRB EET AHREY
s56-pl. FRILiL NRPS BB T

o
N

N
N-Acetylcysteine

F72. S griseus & 7= 9D AmCP 11

J A —FEN LRI CELBETFHEZALT
WHZEND, AU bEMEEGRTHZ L
DRI NT-, &2 C, Bl rEBED BT
2ol gll O T A =% LT-E Z A,
[ 722 =3 PEEER LTS S
D DAEA AR N AR D maleimycin %44
Y5 Z EBRHLNIRY 20h D,

< 5| F 3Tk >

D A. Yoshida, et al., Structural insight into
amino  group-carrier  protein-mediated
lysine biosynthesis: crystal structure of the
LysZ-LysW complex from Thermus
thermophilus. J Biol Chem, 290, 435-447
(2015)

@ T. Shimizu, et al., Crystal structure of the
LysY-LysW complex from Thermus
thermophilus. J Biol Chem, 291,
9948-9959 (2016)

@ S. Fujita, et al., Crystal structure of LysK,
an enzyme catalyzing the last step of
lysine biosynthesis in Thermus
thermophilus, in complex with lysine:
Insight into the mechanism for recognition
of the amino-group carrier protein, LysW.
Biochem Biophys Res Commun, 491,
409-415 (2017).

@ T. Ouchi, et al., Lysine and arginine
biosyntheses mediated by a common
carrier protein in Sulfolobus. Nat Chem
Biol, 9, 277-283 (2013)

® A. Yoshida, et al., Lysine biosynthesis of
Thermococcus — kodakarensis  with  the
capacity to function as an ornithine
biosynthetic system. J Biol Chem, 291,
21630-21643 (2016)

® T. Shimizu, et al., Structure and function of
an  ancestral-type  P-decarboxylating
dehydrogenase  from  Thermococcus
kodakarensis. Biochem J, 471, 105-122
(2017)

@ F. Hasebe, et al., Amino group carrier
protein-mediated secondary metabolite
biosynthesis in Streptomyces. Nat Chem



5.

Biol, 12, 967-972 (2016)

K. Matsuda, et al., Genome mining of
amino group carrier protein-mediated
machinery: discovery and biosynthetic
characterization of a natural product with
unique hydrazone unit. ACS Chem Biol, 12,
124-131 (2017)

F R FE A S

(WFFR . IFGEs R ORI 52 3 12
=Y

GdEEsase) R 141h)

@

K. Matsuda, T. Tomita (9 A\ #75% H), and
M. Nishiyama (9 A\ 9% H). Genome
mining of amino group carrier
protein-mediated machinery: discovery and
biosynthetic characterization of a natural
product with unique hydrazone unit. ACS
Chem Biol, & #iH ¥, 12, 124-131 (2017)
Doi: 10.1021/acschembio.6b00818.

T. Shimizu, T. Tomita (11 A 7% H), and
M. Nishiyama (11 AH11% H). Structure
and function of an ancestral-type
B-decarboxylating dehydrogenase from
Thermococcus kodakarensis. Biochem J,
EHA Y, 471,105-122  (2017)

Doi: 10.1042/BCJ20160699

A. Yoshida, T. Tomita, H. Atomi, T.
Kuzuyama, and M. Nishiyama. Lysine
biosynthesis of Thermococcus
kodakarensis with the capacity to function
as an ornithine biosynthetic system. J Bio/
Chem, & &t A ¥ , 291, 21630-21643
(2016)

DOI:10.1074/jbc.M116.743021.

F. Hasebe, T. Tomita (13 A 6 3 H), and
M. Nishiyama (13 AH 13 & H). Amino
group carrier protein-mediated secondary
metabolite biosynthesis in Streptomyces.
Nat Chem Biol, iV, 12, 967-972
(2016)

DOI: 10.1038/NCHEMBIO.2181.

T. Shimizu, T. Tomita, T. Kuzuyama, and
M. Nishiyama. Crystal structure of the
LysY-LysW complex from Thermus
thermophilus. J Biol Chem, &t A Y ,
291, 9948-9959 (2016)

DOI: 10.1074/jbc.M115.707034.

® A. Yoshida, T. Tomita (6 A 2 % H), M.

Nishiyama (6 A7 6 #% H). Structural
insight into  amino  group-carrier
protein-mediated  lysine  biosynthesis:
crystal structure of the LysZ-LysW
complex from Thermus thermophilus. J
Biol Chem, & &t H v, 290, 435-447
(2015)

DOI: 10.1074/jbc.M114.595983

@ T.Ouchi, T. Tomita(11 A 23 H), and M.

Nishiyama(17 A 17 Z H). Lysine and

arginine biosyntheses mediated by a
common carrier protein in Sulfolobus. Nat
Chem Biol, &5t fi v, 9,277-283, (2013)
DOI: 10.1038/nchembio.1200.

filL, AHA Y SRR SC 6 1, APl L A AGE

A 17

(F=gekR) GteTh)
] B AR AR

(1) Makoto Nishiyama. AmCP-mediated lysine
biosynthesis and its regulation in
thermophiles. The 11" International
Conference on Extremophiles, Kyoto, Japan
(2016)

(2) Makoto Nishiyama. Amino acid-carrier
protein-mediated biosynthesis of
biomolecules. Japan-Italy Symposium, Nara
(2014)

(3) Makoto Nishiyama. Carrier protein-mediated
amino biosynthesis. 17th Japan-Germany
Workshop on Enzyme Technology, Hamburg,
Germany (2013)

fill, =8

PNARFFRRE

O Wl 7.7 I BAEGHKRIZI T DG
OI@ME L 2RV B 89 [l H ALY
2L, 7 4 —F 2 [Can we find the trace
of the origin and early evolution of the life
system in the current biochemical
reactions?], f#HiE (2016)

@ WL EHBEREICRITDLT Xy )
T H Ry B g Ul R PE A S
B, HABORR TR e K SRR T,
(2014)

@ WL BT I SR v Y T2 8
7B &I LT “IRIEIE O G R B
AEZAFER 2014 FERSVUARDY
I A - ARG - ARIEERIFSE D B AR -
BEREFRMT & I ~DEE ), B (2013)

fitL, &k 12 7

il A 47 1F

(Z i)
R— b— U
BURNKRT: AWAERE TRt o % — il
o L % # =
http://park.itc.u-tokyo.ac.jp/biotec-res-ctr/saibouk
inou/

6. MFTCRERR

() IrgefEE
PEIl E (NISHIYAMA, Makoto)
B R - EWAEFE T et v % — -
%

Wr7eg25 + 00208240

(2) Mg sy
B HEES (TOMITA, Takeo)
HRURF: » ZEWEFE ToPfgetE v 2 — - B))
#
W& & S+ 50447364



