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1. IELsIC

BERE S 72 IEREICRIER T 2 7zdicid, 72 /e Rad
% (RNA ZFECH 1T %7 2/ 7 7)1 t(RNA B kl%E (aaRS)
DIEHEENHHATH S (1. BRREYO aaRS &, EHEIC
T EERMT B80S, 20 EO T I BRI L
20 FEEIFAE S %o LAL, EFEDT / LEGOREN S,
HHIE 2 < OETFMEICIZZIVE 2 U EMIET 5 (RNA
(RNA NG % 7V % 2 =)L (RNA & 1kE%2 (GInRS)
PEE LW EMNHSENICE S T2 2], TNEDEYT
X, Mo HAGDED Glu-tRNA" Z—HERKL, Z0
%, 7TRRFIVAT 25—F (Glu-AdT) H’ Glu-tRNA™"
% [EH 7% GIn-tRNA®" IC 28419 % [3] (Fig. la), FLIEAME
@ Glu-AdT & GatC, GatA, GatB D3 DDHY 7 1= v k
M550 (GatCAB), [ifiE Tl GatD, GatE D2 DDY
Jazw b5k % (GatDE) [4,5], 7 3./ 7 ¥ IUEKIG
ICBWT, BV R AL VTEZ S MISREENMEDNS T
L, FEHMELZ0FNEE TS L, fUciEFINE<
KRZEBRZENHSRTH B,

Glu-AdT 13 #7522 IO KIS Z #iHE L, Glu-tRNA®" %
GIn-tRNAT™ 1225489 % (Fig. 1b), EWFC, ZIVZI D
HKRRIC KO 7 VBT 2 EKT % (Glutaminase: 7 )V
22 UMK IREESE) . AIFIC, (RNAT I L7z 27V

(a) © GInRS(eukaryote)
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Glu-tRNACIN GatCAB (eubacteria)
(b) ! GatDE (archaea)

GIn-tRNAC™"

Glutaminase; Gin + H,O—Glu + NH3
Kinase; GIu-tRNACM + ATP— 7-P-Glu-tRNA®" + ADP
Amidotransferase; y-P-Glu-tRNA" + NH3 — GIn-tRNAS™ + Pi

Figure 1

(a) Pathways of GIn-tRNA®" synthesis. The direct aminoacylation
pathway (top) and the indirect transamidation pathway (bottom) exist both
in nature. Glu-AdT participates in the indirect transamidation pathway as
a tRNA-dependent amidotransferase. (b) Reactions in tRNA-dependent
transamidation catalyzed by Glu-AdT.

2I VY VI K OTEMIET % (Kinase: V V1L
BER). T D%, 2 DDKIGHEYZ VT Glu-RNA™" %
GIn-tRNA" IZZH13 %  (Amidotransferase: 77 < N Rl RE
K)o TOWRICHENT, Glu-AdT - A AEDED
Glu-RNA™" 72, IE L WA H D D GIn-tRNA" % Glu-
tRNA®" 0 5 IEREICERRI L T3, F 7z Glu-AdT W75 3
OIS BAHWICHEFALTEBD, VBBl UT7
R GRS EDFLE TdH % Glu-tRNA™ 73, GatCAB IS
BLTHID T IVE I UMUK RSOE DETEEE N5 (6,
7o UL, REGEE, 1IN, BRURESKIGDHE
AR & OFEMIZR 0 T RS,  Glu-AdT DO IRMEE S
WAL TV SR> TWiEho Tz,

4[al,  Staphylococcus aureus FHHHK GatCAB Dk 4 75 KL 8
WAERONL ARSI 21TV, R TOEETRNZRE L,
RGBS OV TH AR ZRS MW TERT
(8], TTICHBZRTT %,

2. fERbE XREERIEERIT

BANC GatCAB D&Y 7 2= k2N KIGHE N T
ERETED, GatA Z0[iAMEE D TRIINT 2 T &
TEEhole T T, gatCABARO Y EEOD/7u—=
VIRV, KIBENTEY 7=y b2 I8
&5, GatCAB HEIADIKETINTOYT2=vy |
AL S E B T LIS UTze KIGE N TRERILE
B2 GatCAB X, 774 =74 =270 ITTT ¢ — -
TIVAM - BEA A 2 AZHA T LTh, BRI L
foo NMHREDTZHD YL ) AF A4 = VB kS RO
TR X ORI LTz, fibldy vy 70 7 Raw 77K
SHEEGE TV, 50 mM HEPES pH 7.0, 5 mM MgCl,, 25 %
PEGMMES550 D& THIHARG MR B Nz, M USMAT,
L/ AFAZBEIEORRZER L, SADIEICKD
2.8 A DRRETHIANMHZIRE LTz, UL, 2.8 A 77fifhE
TIREEROKSH LI ETIVERET R LN TERD >
felz®, HRmMBEZITY, YRS —T 2 2795
ECREASMESS T eV TER, ZD%, PEEARNWI2
T4 ADREED XA T 4 T T —ZOMEICHINL, TD
T2 2O TYIANMHZRR TS & T, FFTXRTOD
ETIVENETZ LN TE, iz, WEOREEAE
i, BRERERIRICY —F 27952 L TRBIL T,
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3. GatC: 9FNIVF
FEFFREAIHIC 1E GatCAB AN 1 79 TFE L, GatB
D C ARG T 4« AA—Z—1L TWiz (Fig. 2a), GatCAB
OeFBEETREHZT I DI, GatCHESZ TNV D
K IIC GatA & GatB DEISHICEZ DTN & TH
%, GatC HE WX 2 IEZIF L AL L 5T, DTk T
GatAB EMHEMEA L TED, NREDHNIE GatA £~V
ANV FIVEER L, CAREGPAIE GatB D 2 KD B -
APTYREHICB - =R L Tz (Fig. 2b-d)s
TOT D, GatClE GatAB IHES L THI® TLE 5
EZIND, GatA & GatB O#iGZ KX DIBEIC L TWVW5 &#
AbNb,

4. GatA: J IV 32 = kSRR GO

GatA 137 2 /BENINE 7 2 X—ETHs e THEN
THDO, Ser, cis-Ser BXU Lys h 572 2155 ET 7V
2 I UKD RIS ZITS £ B A BN T Wi, YLRKEE
fifhT 217 > 72 GatCAB/ 7 )V 2 I VAR TR, VA=
& GatA OHFLDICHEAE L, ZIV 2 2 UIEHOTHEIC Ser,
cis-Ser BR T Lys BFFEL Tz, ERENC &I, HE
L7 7V 2 2 VIETEHTRIE T H % Ser178 DIFH & AT
HBLTHBO, 4MiRPEEZERL TV (Fig. 3), @
BBIRTE RV T ORICHEN#ERE Nz eh b,

Figure 2

(a)The overall structure of S. aureus GatCAB/glutamine complex at
23 A resolution, depicted in three different colors for each subunit;
blue, green, and red for GatA, GatB, and GatC, respectively. A yellow
sphere model in GatA indicates a glutamine binding to the active site
of glutaminase reaction. The magnesium ion found in the active site
of GatB is drawn as the black sphere. The pink sphere model in GatB
indicates the ADP in GatCAB/ADP complex. (b)The overall structure of
GatC. (c)Amphipathic helices at the N-terminus of GatC form a helical
bundle with the hydrophobic core of GatA. (d)The C-terminus of GatC
constructs an antiparallel B-sheet with GatB.
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Figure 3

The active site of a glutaminase reaction in GatA is constructed by the
conserved three catalytic residues (S178, cis-S154, and K79, magenta
sticks) and residues involved in the hydrogen-bonded network. The Fo-
Fc electron density map (contoured at 3c, blue mesh) was calculated
without the glutamine and Ser178.

TV Z 2 UKD R S AR O IR X - THEE
MIFIENTND ERBEI NG, TORMOHIEDS, V>
BItB X U7 2 FRUEBKICDIE TH % Glu-tRNA™" D
EAICKOBRENZ T LT, IXNTORICHEFHT S &
EZBN5,

5. GatB: ) VBt RIEH L U7 = FEERBRIGERLD
FE

B Z2C GatB 13 Glu-tRNA®" DU VL G Z 1T S &
HENTVBED (6], ZDRISHEHEDFEANIIASMTE -
TWiaho iz, GatCAB/ADP #EAAD I AREE TlX, ADP
EGaBDI L AR (BHMHT) RASVDEICH S
Ry MCHEALTED, EHFICT MEATEBIERI N
Mg* WFEE LT (Fig. 4a)e TOY LA BV R AL VO
7 GatB DGR TH % T LM R E Nz, B,
Mn™ ZY —F 27 UFER, ADP S EEAIUTIC 2 DD
M FE G A MBI Nz, Fo-Fe BT HER Y T T
KOO E—7ERTHE 1O M E, TREATEHEE O
7z Mg™ DG A b EREICAEICK S LTV, —7,
Mn™ DY —F 2 FIC K DD THE IR > 7255 2 OFG
BYA N, H1OKEY A DI SHichH D, ADP
BERTRIKDFHEEL, VUV EMAEEHNL TV
(Fig. 4b)o DL LOFERMN SHS MR - 72 GatB DIE L
&, ZIV& 2 U EREEROIEMERAL & OGRS
Holze TIVEIVERBEARIGEERD TV 2 I ViEE) v
BLIC K DIEMEL, TYyES T Z2HWET S REEER K
IS TINVEI DV ZEIRT %o T DRISHEMNILbEEED 7V
ZIUEEEIND T LAY, GatB &4 < A UGN T
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Figure 4

(a)The ADP in the cradle domain of GatB is shown as the stick model together with the omit Fo-Fc electron density map(2c, blue mesh). Residues
contributing to Mg** and water 95 recognitions are drawn as stick models with labels. (b)Two manganese ion binding sites in the cradle domain of
GatB. Blue mesh indicates the strong peaks of the manganese ions (black spheres) seen in the Fo-Fc electron density map contoured at 4c level.
Coordinate sites are drawn as stick models and labeled. Mn*" is in the same position as Mg** site in the apo form or ADP-bound complex structures.
Mn? implies the secondary transient metal binding site in the kinase center of GatB. (c) The active site of a glutamine synthetase with ADP and a

glutamate inhibitor (PDBID: 1FPY).

BB, TIWEIVEREEZRL ADPIBXUTIVE I VET
F s L OEERO ARG/ S, 51O Mn™ 135
BMTHa7NVEIVEEMHEERL, 5520 Mn™ & ATP
EHEFHRT 5 EMNIERENTWVS [9] (Fig. 40), T
DT EMS, GatB BTV VBILMKIGE 7V A 2 VEK
EREFEMBIC2 DO M BRETH O, 1O M I
RNA ICHES LV R I VEBICHS G L, 2 O Mg™ 13

Figure 5

(a)The putative ammonia channel was calculated using the program
CAVER [15] with the water-omitted GatCAB/glutamine complex.
The glutaminase and transamidase active sites are markedly distant
but connected by a hydrophilic ammonia channel 30 A in length.
(b)Glu125, blocking the ammonia transport route is shown in a space-
filling representation for clarity. The channel was filled with a row of
solvent molecules(spheres), which interact with the conserved polar
residues(sticks)along the pathway.

ATP DY) VBRI HE S
EZ6bN%5,

U VB 2L TV &

6. TVEZTF+XIV

BeA I EEE A ROMGERITIC K D, IV I ks
RIS, V) VBRI X T T 2 REMEB LD 2 DORE
PEE & EE UTehY, 2D DORIGIEBEHWICHEF LTV
BICEhh b 5 FIEEERAE 30 A BEEN T Wz, LU,
DFPNEREZERNCT LTz T 5, BNz 2 DOTEMEERNL
0 TWNEBOF ¥ FVIC K D HFE SN TWA T ENHS
M7z -7z (Fig. 5a)o 2 DOIHEHEEMIZAE ST DF v 1)V
1%, GatA CHERENIET VEZT % GatB D7 I REEHK
SCE NI T 27 VBT Fvy 2V TCH B EEZD
N5, LML, BUEX CIChhEmiEnTnwa 7 &2y
F v 1V DZF, BUKMHERETHKEINTED, 7V
ZULAF Y TCRELS T VEZT OIREETIRX T % & &
NTVBDITHL [10, 11], GatCAB D7 VEZT F
¥ RIVIEBUKEIRFEE TS N T Wiz, B4, Fv b
BEUKETH BT D, TNETHRITE NzBktED 7
VEZTF vy IV EIRERRD, GatA THEKEI T VT
Z7NE, TVEZULAAVOIREETEE I N, KISETIC
H7a hfbEhnz LEZ TN 5%,

THIC, TOTVEZT F v x)UiE@Em TRl BE <
O TWBERHFEET S (Fig. 5b)e TDT ML, 7
WERIVEEERTOT VEZT F v JI)VIERPTHLET
BO, GatAhS5D7 VEZT OFNEMHIEE N TS 7z
BT, TIVEI VK RIGHIIRIEN S EHEZ BN
%o ZLTC, GluRNAT DFEFIC KD T VEZT F ¥ 1)
ORSEZEEMSERCEINBET LT, MIDTTVEZTF
Y XVDBEL, TYEZTDEEEINDE T ETIINE I
YIMIKRSOISIE EE N, V) UBIERIEB XU I R
FIRIRIS L AT 5 & TRENS,

7. GatCAB & GatDE D% Fifk
Al Y X R ARSI T 5 % GatDE DRSS
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T TICHSMICIE > TW3 [12], GatDE Tld GatD 5 7))
22 UK R, GatE VY VgL K U7 2 REUERIE K
JoZ2Ho TWVW5, GatB & GatE (ZIZIXA UHEEE L > TH
D, EMERA A2 B TH 5 T & 5 KOS 1t
WTHBLEZONDS, Tz, GatB BXU GatE FHAKT
Glu-tRNA®" 2V Vgt 32 C &N TE, X LIiEHD T
VEZYLAT U EERIIRNENS T I FRIEB K
ISNCFIAT 22 EMTEZ EHEETN TS [4, 6], —/7,
TR ONKD RIS U7 2=y M OREE LK
T, GatA lF 7 I X—EHREQ T THZDICH L, GatD
B7 AT FF—URTn s cho, EMEICE
MRV, iz, SEAROLREBEEICEENDD D,
GatCAB Tl GatC »° GatAB HEAZ ZEL L T3 DIC
R L, GatDE Tl GatD H N Aiflic 7 2785 £+ —+Hic
BEWHARAA V2> THED, TOMARXALUD
GatDE & ZZEL L TW5, LLEDT £ 5 Glu-AdT
DO FHEALZLI RO X S IHENT %, ) VBB RUT 2
RIS 21T S GatB 38X U GatE DR /878
WBICRBIKTHEEL TH D, o7 =7 ZFIHLT
Wiz, TODW%, KOMEBILK T VEZTEARATS20
2, 7IR—VERDAALEEDET R8T FF—VEE
DIAATEE D LITHIN, EEERZZENT 5 2HIC GatC
BEU GatD O N REGICTHHA F A A > 28E L, HIED
GatCAB 353X U GatDE I k- 72 8 EZ N5,

8. BhYIC

Glu-AdT &7V 2 X Uk fE, Vsl U7 IR
FARRE SOG OIS, RNAT™ & BB L hidiz 5
720 Glu-AdT @ tRNA" GEARIERE X, GatCAB & tRNA™"
DOFEGIER 8], BXU, ZO®IThbNIX il iEs
FEER (13], F7z, GatDE & tRNA™" & DGO (KRS
AT [14], ST 57, UL, BUKIEFRIELTHE
WRENTT VBT F ¥ 3IVDT VBT RN, E
DRSO Z 2 RHEI N TV AR, ThHD
BRENT-HZ MY 2 720113, 585 3Y Glu-tRNAT" &
DEARDI ARSI DIRE TH B, T DEARDIIA
WEEMATIC K D, 7VEZT F v RIVORMIEE L 2 BT
HLlylc, MISORKENETH ST I RGO
MEHSMICTEBRLEDEEZT VS,
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(Appendix)
Table. 1 : Crystallographic statistics*®
Data collection SAD ( Peak) Native GIn ADP Mn2*
PDB code 2G5H 2F2A 2GS5I 2DF4
Space group P222,
Cell dimensions
a(A) 71.4 70.9 77.2 76.9 71.0
b (A) 91.9 92.1 88.2 85.3 91.7
c(A) 183.5 181.4 183.4 183.6 181.3
Wavelength (A) 0.9793 0.9000 0.9000 1.0000 1.0000
Resolution (A) 50.00-2.80 50.00-2.40 50.00-2.30 50.00-3.35 50.00-3.20
(2.90-2.80) (2.49-2.40) (2.38-2.30) (3.47-3.35) (3.31-3.2)
bmerge 0.103 (0.535) 0.069 (0.449) 0.067 (0.436) 0.127 (0.276) 0.090 (0.432)
1/o() 15.4 (3.5) 24.1 (4.7) 21.3 (4.6) 22.3 (3.6) 12.0 (2.9)
Completeness (%) 99.6 (95.9) 99.5 (97.8) 99.9 (99.7) 98.7 (99.7) 97.5 (97.0)
Redundancy 9.2 6.9 7.3 4.3 3.6
Refinement
Resolution (A) 20.0-2.50 20.0-2.30 20.0-3.35 20.0-3.20
No. reflections 41591 56332 17609 19537
R IR 0.238/0.275 0.211/0.252 0.233/0.297 0.231/0.273
No. atoms
Protein 7664 7689 7754 7674
Others 1 11 33 2
Water 139 393 87 88
R.m.s deviations
Bond lengths (A) 0.007 0.007 0.005 0.004
Bond angles (°) 1.5 1.4 1.3 1.2
Ramachandran plot ¢ (%)
Favored 86.6 85.2 78.8 85.4
Allowed 12.7 14.2 20.3 14.1
Generous 0.7 0.6 0.9 0.5
Disallowed 0.0 0.0 0.0 0.0
“Values in parentheses are for the outermost resolution shell.

mee,ge= ZhZ_i| <I>y- I | /%,E 1,5, where <I>, is the mean intensity of symmetry-equivalent reflections.

CRwork =X | Fohs - Fca] | /ZFobs’

‘R

free

where F,

obs

‘Ramachandran plot was calculated by PROCHECK][16].

and F_, are observed and calculated structure factor amplitudes.
value was calculated for R factor, using only an unrefined subset of reflections data.





