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4-6 linked subclass

————————————————————————

(A)  4-5 linked subclass

. Kanamycin A: R,=0OH, R,=0OH;
Neamycin: Ri1=NH}; Kanamycin B: Ri1=NHj, R,=0OH;
Paromomycin: R;=0OH. Tobramycin: R;=NH3, R=H.
Fig.1 Chemical sturctures of the aminoglycosides

(A) 4-5 Disubstituted 2-Dos(2-deoxystreptamine ) derivatives neomycin B, paromomycin and Neamine;

(B) 4-6 disubstituted 2-Dos derivatives: kanamycin A, kanamycin B and tobramycin.
15 16S tRNA [ A 7 S5 85 4 B A Y R R S5 1 O A ST RGE" . A SCE i 43 3l ) 24 840 0 1 0
Tobramycin 5 16S tRNA 1) A {37 sSAEFH i 8 th S5 H NN ) 2R EE AT T 256 0 HT.
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1.1 ZhhFEE R AL

T4y F3h J12r i 52 A AL bR 28035 [ Tobramycin 5 16S rRNA 1) A 5 & 5 WY ik 457y
(PDB fRFS 1L.C4) . wita MRS P ZREH S _cp
WAL S PR A Dl FEEAERA LG e=¢ ;
A —~ Tobramycin 7> F5HLEE. N THEBH s¢—

il
g
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B T Tobramycin 2541 A (LA IS, Tl | ¢ _ A
ST AR Tobramyein., B2 BEMIRH  g=g-
SRR — PR Mt PR R 6=¢
1.2 e =
FAT 8 J1 % B 5 AR 46 AMBER 8.0 F2 R A
RO e s .k 25 M R 2k 10 R T4 — s
AMBER /(1) LEAP BLSUNEL, RNA BRHAN 28=Gn ®

SURBRE RN Na * PO R AW HULE TR K Fig.2 Schematic dragram of 16S rRNA A site models
8.721 nm WISLAOKAR TG, HFEPEE UL T EIKAE () Secondary structure of the cryseallized 165 RNA A site
BERYBEES K 1 nm, SRJG I AZEEI K TIP3P BY7K4F  fragment; (B) three-dimensional structure of complex.

¥, BPEMA R E 32331 MR, Hriffg 1425 MAETREF, 10290 47K 53FF136 4~ Na* B F.

I3 FEh J1 2 BAUE F SANDER #EHe LA K ARHER) Cornell 214 1 1137 B 80k 5¢ . SHAKE B35 3k
BRI BT A0 & SRR, IR LA AN 2 fs BYRHTE] A5 0 FH T34 sl 2l fE . (KR A
UL RN 5 43 S 2 7E 300 K T 1. 01325 x 10° Pa(—MRifERSER) , JofEAH I AE AR WrEAREC 1. 0
nm, A EAE R PME 52950 RRE2SE2°4 0.1 nm.

TERIBRSEH I A K431 Na* J&, fdiFH 209340 kJ/(mol + nm?) B 7% ¥ [# 5 RNA . /N F il
Na ™, XFETHNEEE FIK 53547 1000 L ARE R ifb. SRS PR E RNA FI/ N+, XK AT Na* #5617
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Fig.3 Time course of the RMSD(A) and FMSF(B) of tobramycin-16S rRNA A site complex
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BHTEERAZ b 5 A4S, A 2 4. W5 A G708 s A2 VE R T G1494 5AEFRHERC XS
HITREL (U1495) , B3l 5 38345 51k 49. 50% F156. 67% , PiARR 1 7EH¢ 5 600 ps K & T b Be 2 Fa
EMRSFR. 315 A G ATERRY 3 A%, N1 (A1408) ---N6' L di 95580y 98% , N6 (A1408) -+
05" #LiH (5 P54 4 95. 67% , 02P(A1493) ---O4'#LiH i 45 66. 83% . F5L L, ¥ 1 A Il B4 K ZHL
RERETT AR NILA BT, B — A RS F RS RoT, BRARE SBR[ AR 1 2 50k
FRPUAERERAES A PSRRI 2 ER T 3R A6 A A7 o5 R0 E 7 P 0 o R oo o
PRSFAIRRE Y. RIS, 2R T1RNSA TR B0 AN R 1 20 9 S 31 T 4ERE A W 25 F feoe e
A, HmERA EHE T tobramycin 5 A 47 582 GYIRIEE MERSS A6,

Table 1 Trajectory occupancy of hydrogen bond in mo- Table 2 Comparision of H-bond distances between X
lecular dynamic simulation ( occupancy =30 % ) ray and MD simulation
Atom-atom Occupancy(% ) MD distance/nm Angle/ (°) Atom-atom X-ray distance/nm MD distance/nm

NI(A1408)---N6’ 98. 00 0.2927 29.13 NI(A1408)---N6' 0.314 0.2927
N6( A1408)---05' 95.67 0. 3049 20. 45 N6 ( A1408)---05' 0.293 0. 3049
06(C1405) ---02" 75.83 0.2726 26. 84 06(C1405) ---02" 0.277 0.2726
02P( A1493) ---04' 66. 83 0. 2682 14. 69 02P( A1493)---04' 0.255 0. 2682
04(U1495) ---N1 56. 67 0.277 22.70 04(U1495) ---N1 0. 256 0.277
N7(G1405) ---N3" 51.17 0.2928 21.58 N7(G1405) ---N3" 0.271 0.2928
N7(G1494) ---N3 49. 50 0. 3160 19.32 N7(G1494) ---N3 0.272 0.316
NI--- 02" (Inner hydro- 49. 00 0.2912 30.22 NI---02" 0.298 0.2912
gen bond of ligand) 05---05" 0.322 0.315
05---05" ( Inner hydro- 32.67 0.315 29.21 N3---0O1P( A1493) 0. 305 —
gen bond of ligand) N3---02P(G1494) 0.255 —

2 1A RASF B Y Tobramycin 15 A {37 5 Z [ FRE 1Y SUHEREA 5 SEIR AR B Y AL R S5 A AH AT (3R
2). IR 2 AT, AR S JT2E TR A 30 Y S R B AN TE T U S A RUIE 25 2 I, {HHR /)N

AR, AT R (3R T AR 1) 5 A (SR Y 5 S EEE ST A 4 AN MEEES A PTign, XA
FIRESCMAET R A% 00 5 A DS RE SRR, T RIS B P A~ o0 N AU, BE B AIA 8D, FoE
T Tobramycin ALY, TEX —ILIHM A AL, {8 Tobramycin B85 A 7 S8 UE 7 AH B R BIFEH.
2.3 MUKk FREERAKENSED T

“HERAL” 8K o A B YK B A 18] ( Residence time) , 255 MUK A U8, it 7B
BRI R BT — K BRAER B P35 8) 3. 6 ns BIZK 5 F.

K5 SR T HiA KA F1E 3.6 ns 930 1% 4
B A b 1 BTk 3. HP K 4 F 104 ( Water ;
104) BB E B/, FEAIPEFLH 0. 15 nm, LEREL] g
AR RBUN R R ENE. B THE Water 104 5 o
7E Tobramycin 1 A {15 I IR 42 B K B8 z
FATEREE PSR 25 [ r(D---A) <0.35 nm | FIA !
BEAARE (135°<D—H---A <180°) WA~ FR il & 14, . Water 104 | .
%F Water 104 7E 3. 6 ns FULLIE P % B0 BT 15 4 10000 20000 30000

Atom number

=300 M AT T AT (4 3). M3 TRLF
H, Water 104 #73% T Tobramycin AYFR 1T A9 N3 Ji
F 53 1 L/ N6' i+ [a] i S

Table 3 Trajectory occupancy of water-media H-bonds in molecular dynamic simulation ( occupancy =30% )

Fig.5 Time course of the RMSF of water molecules

along simulation trajectory

Donor Acceptor H Acceptor Occupancy( % ) Bond distance/nm Bond angle/(°)
N3 Water 104 (H1) O( Water 104) 30. 14 0.2821 19.34
N3 Water 104 (H2) O( Water 104) 48. 81 0.2828 19. 45
O( Water 104) Ring I N6’(H93) N6’ 39. 86 0.2853 24.94

O( Water 104) Ring [ N6’(H95) N6’ 31.17 0.2829 22.45
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M3 TTLAEE], N3 FlN6'5 Water 104 Z [H] 59 S B HIE 95550518 78.95% F171.03% , 1F
3.6 ns 18N ) 2FA LA R v Ak T AV RS E RS
N3 5 Water 104 /Y H1, H2 1 Water 104 A O
5 N6’ 11 H93 1 HO5 J¥ Al HH X} Fa e 114 S B AH L
TERI (1 6).

T N3 Fil N6’ 2 43 HiAE hy S A 5 S 2
K5 Water 104 JE LS, th#0aE b 98 A mT BB
FETATE Water 104 BT il i) S AR B HLIE N &
TIESATAE. NI NI(H D) FI N6’ (1) 5
Water 104 T 08 0 B 25 A A BE AT 1 24 (1A
7). R KW , N3 #i N6' Y5 Water 104 %8 Jii AR molecular dynamic simulation
BITE 3. 6 ns MRS B PR AL TAE RS A 1 S SR E N (0.3 nm Z247) . (EASEMEER, e
J& H1 FH2, i8J& H93 Fl HO5, #F /R 7EIE A S S A0 BV Bl N A0 b 55 N3 FI N6/ JE il 2. 3 i ]
Water 104 7E Tobramycin Fl A {37 x5 IR 42 09 PR AN 7K A SV SEAE ] (1) _E R 2210, R RASE FEAEY.

0.50

Fig.6 Water-media-hydrogen bond in
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Fig.7 Time course of hydrogen-bond distance of N3-water 104 ( black) , N6’-water 104 (red) (A) , hydrogen-bond
angle of N3—H1/H2—O water 127(B) , hydrogen-bond angle of N6'—H93/H95—O water 127(C)
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RHFATR P55 A
2.4 KEMRSH
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8 7R T Tobramycin Jii] [l 7K & %% B2 A KT 8K 70
KA. B 8 AJ L i, Tombramycin AY¥A 1 il
T 2Z AT — A K5 BE R DX, X B 2 A5 R Tk
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AL TFI TR N2 BT A 5 i K A 2 , X5 ik Fig.8 Opverall hydration site of tobramycin

SERE BTN A AT K A S v Y X B — 3K ( water density cutoff is 70)
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Molecular Dynamics Simulation on the Complex of
the Tobramycin and 16S rRNA A Site

FENG Yu', ZHANG Xu-Dong', CHENG Wei-Xian',CAO Huai', LIU Ci-Quan'?**

(1. Modern Biological Research Center, Yunnan University, Kunming 650091, China;
2. Kunming Institute of Zoology, Chinese Academy of Sciences, Kunming 650223, China)

Abstract A 3.6 ns molecular dynamics simulation was carried out on the complex system of tobramycin and
16S rRNA in order to understand the speciality recognition mechanism between tobramycin and 16S rRNA at
the molecular level. The results demonstrate that two looped out bases( A1492 and A1493) of the A site is the
flexible part, while ring I and ring Il of tobramycin are the most conservative elements. Moreover, ring I and
ring Il of tobramycin may be function conservative unit which may participate in the specificity recognition for
tobramycin binding to the 16S rRNA A site. In addition, a structural water molecule was detected during the
whole MD simulation trajectory,, which bridged the contacts between ring Il (N3)and ring I (N6') of tobramy-
cin and enhanced the rigid of tobramycin structure. There is one hydration site with the higher water density in
the vicinity of ring I and ring Il of tobramycin. This result is consistent with the crystal structure detected that
the most water-medial hydrogen bonds were listed in the same situation. Our study illustrates that recognition
mechanism between tobramycin and 16S rRNA A site was due to a few hydrogen bond and water molecule in-
teractions,, which play a great role in designing high affinity and speciality inhibitors of 16S rRNA A site based
on tobramyecin.

Keywords Molecular dynamics; Tobramycin; 16S rRNA A site; Hydration density (Ed. . Y, I)
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