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L-Amino acid ligase (EC 6.3.2.28) is a microbial enzyme catalyzing formation of an alpha-peptide bond from un-
protected L-amino acids in an ATP-dependent manner. The YWfE protein from Bacillus subtilis 168 was the first report-
ed L-amino acid ligase, and it synthesizes various dipeptides. Thereafter, several L-amino acid ligases were newly ob-
tained by in silico analysis using the ATP-grasp motif. But these L-amino acid ligases synthesize only dipeptide and no
longer peptide. A novel L-amino acid ligase capable of catalyzing oligopeptide synthesis is required to increase the varie-
ty of peptides. We have previously found a new member of L-amino acid ligase, RizA, from B. subtilis NBRC3134, a
microorganism that produces the peptide-antibiotic rhizocticin. We newly found that a gene at approximately 9 kbp up-
stream of rizA encoded a novel L-amino acid ligase RizB. Recombinant RizB synthesized homo-oligomers of branched-
chain amino acids consisting of 2 to 5 amino acids, and also synthesized various heteropeptides. RizB is the first reported
L-amino acid ligase that catalyzes oligopeptide synthesis. In addition, we obtained L-amino acid ligases showing
oligopeptide synthesis activities by in silico analysis using BLAST, which is a set of similarity search programs. These L-
amino acid ligases showed low similarity in amino acid sequence, but commonly used branched-chain amino acids, such
as RizB, as substrates. Furthermore, the spr0969 protein of Streptococcus pneumoniae synthesized longer peptides than
those synthesized by RizB, and the BAD_1200 protein of Bifidobacteria adolescentis showed higher activity toward aro-

matic amino acids than toward branched-chain ones.
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RTFRIZT7 I BRENRTF RfEE (7R
fEE) &AL CTEEEER L7 baYToh 5. Bk
D72/ BEOHDITHEEENRETN TS
0N, TNOSNHEBEL TRTFRERBZET, WK
ERCVAEWA 3 VN R NSY aWAQRY /L eeYe s b e
KT HHEENEN. 7I BN 2 TEEE LY
RTFRTEZ, bEDOT I /BOH AR
ERFEL DS BIEMESREEN M L, £2%
EDT I BEV BT DN EEEEEZRT
ZENHB. HAZE, Val-Tyr, Val-Pro-Pro 72 £
I ERE FER, Leu-lle I3 P{3EMIKFIER, Tyr-Arg

BRE HR e B T AR (T169-8555 ST
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KRFIL, HAKELE 130 EL2L ORI I LSS T
HRELLEDBDZEHFLICERLZDDTH .

WS EEEEH, B-Ala-His X p-Glu-Cys-Gly 13 HiE: (b
ERZERY. £, KOFEHNMSRFTEINTND A
T HE Asp-Phe-OMe (7 Z/N)L T — L) (SbkE
DFI200 FEOHKEZBL TWD, 51T, BWKOD
pr & U TCEE Gln |X, Ala-Gln &72% Z & T,
Gln Bk &g U T, WM T 16 5, BRITHT S
REMESKEICH LT3 2 ENMEIN TS, X
7z, A — - F 14— MU I ZANGWEIN
TW3 Arg-Ala-Asp-Ala @ 4 [\ DK U E Y] 2 7
DRI F RIEHCHMEZEZ L TN ROos)iLic
3570, BEERBHOEMARZMEL TOFAN
TN TWSE., ZOXDITRTF RITIThE & 7ot
REL MR HIR SN, Z ORFZE ) BRIl O s AT BE
RIS LIGICIEDS. 7 A 2 EEREL 20X
TF RIEIFTH 400 (=20X20, & > )\ 7 Gk
7I)BTEZALGS) BEOHEAGDENEE
L, S5ICHENHETEHICE DL B IEREIRM



1464 Vol. 130 (2010)
R1
I I Mg H COOH
Jo TN e NN
H,N COOH H,N COOH  ATP ADP + Pi z
(0] R2
Amino acid 1 Amino acid 2 Dipeptide

Fig. 1. Scheme of Dipeptide Synthesis Catalyzed by L-Amino Acid Ligase
L-Amino acid ligase (EC 6.3.2.28) catalyzes peptide synthesis from unprotected amino acids in an ATP-dependent manner.

LT, ERNICBWTHEEANTF ROVE
B BB E R L TWD 2 ENRITD O
romEIZEZDHASNZIATNS, LML AEN
5, WEELL OEHEXRTF RIZDWTIZ AR
YOV TORFIfTON TR ST, FO—
WELT, RTF RO TN DR RIS A T
DSFENT S TR E O BERGTH T O [ 15 % 250
HZEINTES.

2. L-73/BIVH—EDRRESKRTFREM
RTIFROEREITDODWTIE, DILEEKREE
) BEEED 2 DICRELINENTE SN, BHE
BH RO TIE<FHIN TN OIXEM A RET
HB. LInLsms, AERIETIRINCHET ST 2
JBBICIREL DB ANBETH D Z ERRINRED Z
T3k, REOEHRBACHEOHEZMERTLRED
LA RIEIC BT B @ OREITIN A, RS ANEME
ThH-ORFNE HEHTOREDDHD, KEH
RICIIAMETH D EFA D, —F, BEIETET
O77 —tERITRAT T —Y EMHEN S HK o R
DS EFIH L2 HERE < hoRFFINTNnS
M, AHEOREEERDT I ) BITEELNLET
HDZER, HHLTWLEEENTLII ) fEEEET
HBEDIT, ERLEXRTF RPHEMRINTL
E572E, IHROBFNS BIERNRI)THENL N,
®iEiZ2> T, L-7 2 /B /7 —+t (EC 6.3.2.28)
LI NS YWIE D3RR T 26 (3]
HRFEEENA ) OHMSICE > THRESINAZ D
AREEFIL ATP QMK RN &% U TIRER %
Felzls Wil D Y X BeF L2 EEEKEd 2 2 &
WRETH D (Fig. 1). BT, TOL-7I /Y
T —CEEET ywfE Z S RB S =Mk AW EY =
AndZET, @WiREEE L TEEDH S Ala-Gln
DFBEEFEEEHLL TS 2LV I Y H—
YZEHWETRL, HRECREENAETHD L

R, KISNKRTHDIRMRSEHTHEITT 2 Z &h
SEREAMEUBEOEE T O X2 MO ENTE
5720, E/MEVDICEERERHEETHLEEAS.
X7z, RBENOILHBIRETHD Z &ML KRED
FRIZHEL TN D,

HASE, HOETHEEED, #EHOY X/ #RFE
T2 o L THG L TOXRT F R ARG 2 il 9
% M — O B % p-Ala-D-Ala J 57 — ¥ (Ddl, EC
6.3.2.4) IZHEBIL TW3B EFHIL T insilico A 7
U—Z 2T %70, WEERASY IINTEDOHNS
YWE & HWHT Z LIk L Tna, E£E5IE,
L-7 2 /BT Y OREHREOIEZHMEL
T, 7 LEHRZFMMAL T YWE OREOVEEHZEZ
BRRL, HRCHEEOL- 7 /BT —Y 0%
RITEHL TWD, 3D ZNTNICHERREEDE
WH 0D, BEEDSRRMEICHE D < B E BRIt OILE
MERETHD I EEFHKILETHIENTE.
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D729, RoNEEEOXRTF RUNEGHRTERN
REbdH5H., Lrd, BHOL-7I /BYIT—F
W7 X A 2 (A U2 DR T F R G RE 2 fil
M aM, 3EULEDOT X JENERE LAY TR
TFREERT DI ELTERND /2.
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DL ZHINE LT, FHi-EERE2HT 5
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EMHKL-T 2 BT —EOWRE K I
HTHD, INETITHIEDOR2 2 HETHY INX
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Pseudomonas syringae pv. phaseolicola \3-1 >
SRATKLUT T EHE (halo blight disease) |
R CSTHEMIRIEMAENM TH S, ZORERKRERSY)
&7/ Phaseolotoxin [N9(N’-sulfodiaminophosphiny])-
ornithyl-alanyl-homoarginine] Th 5. AYEITA
W=F> (Om), 77=> (Ala), "ETVINF=
> (HomoArg) ZBKICATDHNIXRTFRTH
% (Fig. 2). 9 Phaseolotoxin |3 HEM KN Tor iRl %
DOERIZL D, NO(N’-sulfodiaminophosphinyl) -or-
nithine (PSOrn) 24U, THMNRFEY 1 ZILICH
F2FNZF HINEAT—F (E.C. 2.13.3)
DOIEMEZAET S ET, WEEEZRETLEIN
TW3%, 4% 5 7 Phaseolotoxin IZ%& H L 7= BRI
&, BEICERERT Y 7 A —DPREINTIdWz
M, UL TR —HITHFIET D& MEL TN —
RIZL5NNVENEDX D IREEEZH> Tha 0
FHSs M I TWwisho 7z, 2T,
Phaseolotoxin D X 7' F RiEGHKZE L-7 2 /Y
H—ERMH>TWEbDEHEL, VT —EEEHEIC
M 7n ATP-grasp EF — 7 OEMEZHIMHAE L L
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Fig. 2. Structure of Phaseolotoxin Peptide-phytotoxin Pro-
duced by Pseudomonas syringae pv. phaseolicola
Phaseolotoxin: N9 (N’-sulfodiaminophosphinyl) -ornithyl-alanyl-ho-
moarginine. PSorn (Octicidine) causes halo blight disease on legumes by in-
hibition of ornithine carbamoyl transferase activity in the urea cycle.

T, YEEREBERBRTYV IAY—HNIZBITZL-7 3
BBV —EEERTORZEFEM L=, T DR,
2DDEEETE RWHL, KBEZHAWTHE

ZitH/= & T A, PSPPH_4299 O A uliR{k s > /%
JBEELTHIGTAZENTEL., ZORELLSY >
INZBEIZDOWTL-7 2 /Y —EIEEZRIEL
R ORTF R Ala-Xaa (Xaa l3ftE07 3/
) OERMAIEETH o/, 51T, PSPPH_4299
IZ Phaseolotoxin OF¥ D —ETH 5 Ala-HomoArg
D E R B il U, Phaseolotoxin & % % 1 5 B%
FTHDI LW RRT DMEREHL.D

AL, MAED O RAHPEYICET 2 EH &
B DEE TR N &R T — 4 N— 2 &2 lAa
OB ET, HilkkL-7IJBUF -2 RN
M &I LBITH D, £z, TORERITH
R HERRENERTHBEOHRLICEE ST, L
7 2B I —EDERNTDOEER Phaseolotox-
in DEGHKREBICRDHRICIDONVWTHEEMT S
HDThHb.

4. RTFRUREVEEERNODL-T I /B
) H—tFDORR

YWSE {3 in silico A7) —=> 712 &>THDHT
RWHENZL-YI JBRUT—ETHEN, R
(91 Bacillus subtilis ATCC6633 NAEJET 25 X7 F
R¥EHLA Y E Bacilysin  (Ala-Anticapsin) D & i
GTF7 A —HND ywfEIZL->Tad—Rahs%
CINTETHo . INETIIMEDNEET BN
TFRUEPEYEIIZ<MESNTED, ZOEHK
ROz it 2BFEORICH - aEEEZEd 5 L-
7RI T—EOHEEETHL, XTF REFIA
¥1’8 Rhizocticin @ 4 FEF B. subtilis NBRC3134 12
HHUL.

Rhizocticin \Z#EL 7 I /B OEEICE > T, 4D
DREERDIHE SN TS, Rhizocticin A 13 N E
Uiz Arg, C RuiiCIHESY >N BEW.T 2/ B L-2-
amino-5-phosphono-3-cis-pentenoic acid (APPA)
ZERL7ZYXTF K (Arg-APPA) TH D,
Rhizocticin B, C, D iZ, & 5122 D N K125 Ik
TIJEREELE NIRRT F R (R-Arg-APPA,
R=Val, Ile, or Leu) TH»5 (Fig.3). LML,
Rhizocticin 2B W TIFAGKITHRD 5 HHECEEL
TICBET MR DY/ L DNA OfE#HR E
IFEETH - /=0, BEEENS HWOEEZH
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Fig. 3. Structure of Rhizocticin Produced by Bacillus subtilis
NBRC3134
Rhizocticin A, R=H, Arg-APPA, Rhizocticin B, R=Val, Val-Arg-AP-
PA, Rhizocticin C, R=Ile, Ile-Arg-APPA, Rhizocticin D, R=Leu, Leu-
Arg-APPA, APPA: L-2-amino-5-phosphono-3-cis-pentenoic acid.

T2 NI E OB EZ#E L/, Rhizocticin
A DHGIZEHL, Arg RREMICXRTF MEEZF
Y285 NI EE ABRBOREEA Ty 7ITLD,
IR 0.8%, HIEMEEL TI280 5k THRHEL
7. HMEENEET L Arg & NH,OH 7 5 X
TF Y —Y it & Z T2 Arg-NHOH 2V 4 pk 9
5. 2Ot ROFYALEEE FeCly 2T 2 &R
BEETHDT, ZOEEREZHBEELTHWNOSY >~
INEOREEERMBL -, 51T, Sy N
DB DN K7 2/ BRESE®RN S, PCRIEITK
S THEERT (rzd Emf) ZRAEL, M#x
BEEHANTEEOMEETTo /2. TOME, 20
MHHLZ RizA 13, Arg 2 N RugiClEld 54 DA\T
OYXTFREZEGRT DR L-TYI R T —
YT ThHDZENHSNITR o2, 728, RizA Eix
F1% 1242 bp (RizA : 413 7 3 J E5EH, 46.3 kDa)
TATP-#GEF—T7Z2ALTWEDN, INETIK
BAELTWSL-7 2 /Y I —E YWIE, RSp1486a,
BL00235 & OMFEMEIXTY 2 /B L NIVT, 1T
21.3%, 19.8%, 19.6% KW Z Enbho 7. ®
5. AVORTFRERBEORR

RiZA [T XTF RERIEED H 2 Z LI13HERT
EM, NIRRT F ROBGIRIEEIZA S NN ST
ZEMS, EESIIMNYRTF R TH S Rhizocti-
cin B, C, D DHKICIHRHLDL-V I /B H—EMN
BCHFEEL TWDHHD EREL, rizd BT I

DOEHFENTZEm L =, FOFE%E, Rhizocticin 4
BRANDOEENHEE SN DS —HD ORF OH»N 5
rizA 3BT, U — YRR IR A 7 ATP-grasp
EF—TJEATHY NI EEI—- RLIEBET
(rizB &) Z#HRWHT I EMTE ., O/
Z RizB IZBWTIL, Val & Arg-Ser (Arg-APPA
MAFHR#ETHLZENSZORBELTHEA) =&
HE & U T Val-Arg-Ser 259 27217 Tld/e <,
SUESEY X ) HAEFE S LT 25 &IAOAF U IRE
RTFROERIEEZAEL Tz (Table1).?
RizB OFERIE, FVIXRTF RERERZET S
L-7 2/ BUT—EZRE LD TOR ET2%.
INECLTYI/BRINT—ETEIXTF RLM»
BT DI EMTERMNo7M, RizBIZE->TE
SICEHOXRTF RERMNAIEEE /R0, G ATHER
NTF ROFEEZ BT RSELRE LB 7.
INSHHRB LT % S O HEE Rhizocticin 4 5k
BIZT 27 5 A5 —13# 14 kbp ® DNA Wi fr ki dH
D, BElERZEW Z &12, Rhizocticin FEA4 ERE B. sub-
tilis168 @ ybdK & ybdL DRI A X N/= B THLAE
L CWw/z., %7z, 14H%HOD ORF i3 BLAST & )
SENENOMEREZHTET 2 I ENTE,
Rhizocticin & [l U < C-P & % H 3 % phos-
phinothricin % fosfomycin % 7} Bialaphos @ 4= & ik,
F 35 O 15 2 B & #2, Rhizocticin 42 & pGFEIE D H#E
EDARETHO . INSRRIL, FikbitmE
BHRADIEHEMO R ZRRTEHDTH 5.
L EX D, RizA & RizB iZ Rhizocticin 7 %12 E
BREEITOMAETHD ZEnm ek (Fig.
4).

6. 4/ LEREFALICAY) IRTF REKEE
ENQESEA

RTF REGIEYMEICEER TSI LT, FUaX
TFRERKICEMET S L-7I VBT —F
RizB ZH]O THRTHIEMNTER., ZTNETO
Mo FEENS, UHT—YIZHE A ATP-grasp £
F—T72EITBHRZBOY I/ BEESEZI T —&
U T in silico A7) —=>71C &% RizBREDY
BEDORRZ1T > 7= (Table 2). Hi4& W& Nik-
komycin @45 RLIZEE 59 % NikS LA 3 DO HERE
WBETFHBONBRWHEESY XV ETHD, Wind
HHFEMEAME <, RizB & & & M [F 23w W Bacillus
licheniformis NBRC 12200 Hi3® BL02410 TZX 2
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Table 1. LC-ESI-MS Analysis of Heteropeptide Synthesis Catalyzed by RizB
Product“
Substrate 1 Substrate 2
Homopeptide Heteropeptide
Arg V,, Vi, Va4, Vs VR, V,°R, V;-R
Lys V,, Vi, Va4, Vs V,-K
His V,, Vi, Va4, Vs V,-H, V;-H
Gln V,, Vi, Va4, Vs V,:Q, V5+Q
Asn V,, Vi, Vg, Vs V,'N, V3N
Ala V,, V3, Vg, Vs VA
Ser V,, Vi, Vg, Vs V,-S
Thr V,, Vi, Vg, Vs V,T
Gly Vs, Vi, Vy, Vs V,-G
Val Leu V,, Vi, L,, L; V,-L, V-L,
Ile V,, Vi, L, I V,-1, V-1,
Met V,, Vi, M, V,'M, VM,
Phe V,, Vi, Vg, Vs V,'F, V5*F
Trp V,, Vi, Vg, Vs V, W
Tyr V,, V3, V4, Vs n.d.
Glu V,, V3, V4, Vs n.d.
Asp V,, V3, V4, Vs n.d.
Pro Vs, Vi, Vy, Vs n.d.
Cys V,, Vi, V4, Vs n.d.

@ Symbols: n.d., not detected. Homopeptides are shown as X, (X, amino acid; n, peptide length) . Heter-
opeptides are shown as X,*Z, (X and Z, amino acids; n, peptide length [n>>1]) because the sequences of
them were not determined. For example, X,+Z means tripeptides of X-X-Z, X-Z-X, or Z-X-X.

rizA: 1,242 bp

413 amino acid
 ATP-grasp motif

- Arg-Xaa synthesis

rizB: 1,227 bp
-408 amino acid
- ATP-grasp motif

1 H 2 rizB ybdL

HQN\%%H HZN\(NH H;«YNH

IN. . IN.
o v _coo RizA " Val RizB "
+ NN T %_Y' i
7 Non i ATP ADP+PI v i
S ATP  ADP+Pi HZN/W/ ; hd

N\/coon 7 COoH
SN\ s
HN COOH ;\/\ P/OH o :\/\ P/OH
o/ Som & Son

Arg APPA Rhizocticin B

Rhizocticin A
Fig. 4. Putative Rhizocticin Biosynthesis and Rhizocticin Biosynthetic Gene Cluster from B. subtilis NBRC3134

The rizB gene was found to be located approximately 9000 bp upstream of rizA. The DNA fragment for putative rhizocticin biosynthetic gene cluster was locat-
ed between ybdK and ybdL on the chromosome of B. subtilis 168, a non-producing strain of Rhizocticin.
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Table 2. Candidates for L-Amino Acid Ligase Catalyzing Oligopeptide Synthesis

Gepe e o tomh  Homgle
rizB Bacillus subtilis NBRC 3134 408 — 28
BL02410 Bacillus licheniformis NBRC 12200 405 62 29
Haur_2023 Herpetosiphon aurantiacus ATCC 23779 408 39 30
spr0969 Streptococcus pneumoniae ATCC BAA-255 400 33 24
plu2197 Photorhabdus luminescens subsp. laumondii DSM 15139 395 32 28
nikS Streptomyces tendae ATCC 31160 424 28 —
BAD_1200 Bifidobacterium adolescentis JCM 1275 395 27 23
Ldb1692 Lactobacillus delbrueckii subsp. bulgaricus NBRC 13953 408 26 23
CV_0806 Chromobacterium violaceum NBRC 12614 392 23 26

2 AA, amino acid. ® Amino acid sequences of the candidates were compared with those of RizB (left column) and NikS (right column) .

NRizB OOBL02410 M Haur 2023 [spr09s9 MNikS EIBAD 1200 EACV 0806

Phosphate (mM)

Substrate

Fig. 5. Measurement of the Amounts of Phosphate Produced in the Reaction Mixtures
The negative control involved carrying out the reaction in the absence of an amino acid, and all data were adjusted using this blank value. Bars: left striped bar,
RizB; white bar, the BL02410 protein; dark gray bar, the Haur_2023 protein; dotted bar, the spr0969 protein; black bar, NikS; light gray bar, the BAD_1200 pro-

tein; and right striped bar, the CV_0806 protein.

62% Linizino7z. RBWE TINSELETZEIER
I TEHEREHBAY O NVEDOL-YI BT —
PIEMEZ M U 72 /5 2R, iz ic sEEoA+ Y IRT
F REFREEEZ BWHT Z STk U7z, 19 20 fEE
D7 I BEREIILEREXRTF ROGHKRIENEZ
Bt & FIREICERES 2 ) DB E T 5 &, fEH
WY 2 > Met 238 &9 5 RizB &7z KGE:
%R L7273, Bifidobacterium adolescentis JCM
1275 fH3k D BAD_1200 TR FHEHET 2/ BITHT
LREOEEOEENRE I N/ (Fig. 5). LC-
ESI-MS f@H7 DfE 5, NikS TI3iEEmRIZ &k
Mo T2, fOBRSY > N7 BT Rk E 2
KELU T, BT 2 B, FHEBKET 2, Met
DIREXRTF RERERK 6 BERETOF Y IR

FREREZWRTZHIENTER (Fig. 6). IR
TFRHEBWII NIRRT F REREEL L EBIE
HEHEL, KU, ANTFOXRTFREREEZEL T
WBHZEHRERL TS, FYITXRTF KGR TIE
LB DR T F RO H AT K D5 T
iz Engan, plziE, Lea DREXRXRTFRT
WIS E I BRI D7 )L {ES>, Phe & Leu & @
JOSHE T EHRAS i O VIR T E 5.

1. &HYIC

INETRELZESIELOWMEMNS L- 7 I )
U —Y2EE L TH0, TNTHITEMNE
ME2ELEZMETHLIEEZHLGNELE. FUX
TFRUEDOF) TRTF RERKRZEFEEE T 2 HH
HEBFAL, BETIE, Z2<0FVIXRTFRE



No. 11 1469
Enzyme Sibsitate 2mer  3mer P;(;f:rm Smer  6mer Efizyme Subgitaie 2mer  3mer PZ?::rm Smer  6mer
Val [ ] [ ] ([ J [ J Val [ ] [ J @ @
Leu o o o [ ] Leu [ J o [ J [ J
Ile ® ® [ J Ile [ ] (] [ J
RizB Met [ J ® ] [ ] BL02410 Met [ [ ] [ [ ]

Trp [ ] Trp [ ] [ J
Phe Phe [ ] [
Tyr Tyr
Val [ J o [ Val [ J [ [ [ J [ ]
Leu [ ) ® ) Leu o o [ J [ ] o
lle ® [ ] Ile [ ] [ ] [ ] [ J

Haur 2023 Met [ ] [ ) o spr0969 Met [ ] [ ] [ ] [ ] @
Trp [ ] Trp [ }
Phe o o Phe [ J
Tyr Tyr
Val [ o [ ] [ ] Val [ [ ] [ J
Leu [ ] [ ] [ ] o Leu [ ] [ ] [ ]
Ile [ ] [ ] [ ] Ile [ ]

BAD_1200 Met ® o [ ] o CV_0806 Met [ J [ ]
Trp [ ] [ ] [ ] [ ] Trp [ ]
Phe ® o ] o Phe
Tyr [ ] ® { ] o Tyr

Fig. 6. Product Spectrum of the Recombinant Proteins

Homopeptide synthesis was examined and the analysis was performed by LC-ESI-MS. Closed circles indicate that m/z peaks of the peptides detected. When the
amino acids not listed in this matrix were used as the substrates, no peptides were detected. NikS did not show L-amino acid ligase activity.

RENN—TEDLDITR>TEREN, WTNOR
FHT7 B AN)VTIAHR M 20 % 12 E &K
W, INS OAEKNIZBT B 5%E &2 ORI HE R
RN 5. 5%, P EE RO O AR E
NRIA I N, BETFL¥ENTFEZINITSZET,
BGEHEOLERREEOREBHHETES. F£z,
SRR L-TI BT —EEHAGDED L
T, EEXRTF ROBEYNLER T O A DEED
HEETHDEEATNDS, EBEIZ, YWE & RizB
ZIEXERMSESZET, MEEFEERZET S
Leu-Ala-Tyr (ICso: 3.9uM) HINZE XL K S FEET
HDEEHERL TS, TS5 LHMOMIIZX
0, k2R TF RORMBEENREERD, X
TF ROEEGP RS, LSRR EDRNWEHTD
MEMAFOERICEKTI2DDLHERFBL TS,
BEE AHRO L, BFIFEENT TS O
HEMETESNZHDOTHD, KK, HiE
TSR EERTY RNAXA&2ZTFELE. OXTF
R @ NMR J% t8 MALDI-TOF MS 4 #t 12 B L T
W, RN F 7027 0 PSR B HEEITRD
EO%
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