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Using molecular dynamics simulation to study the effects of the ATPase
activity in mutants of hinge residues of Dnak
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Abstract : When the highly conserved hinge residues (1202, S203, G223, 1227, G228), which are located in the
subdomain II-A and II-B of NBD ( Nucleotide binding domain) in the E.coil’ s Dnak, mutate into alanine. It is not
clear that the change reason of ATPase activity. We build all of the wild type and mutant protein model which
contain small molecule ATP by using the method of homologous modeling, than using the molecular dynamics
simulation (MDs) to study the comformational change of these mutants, and want to find the relationship with the
change of ATPase activity. Results show that the distances between the hydroxyl of Tyrll residue and the <y
phosphate of ATP in all models expect L.227A have obvious rules with the activity of ATPase; but the change of
compactness in (3220 (214-221), which can impact the binding of DnaJ and effect the activity of ATPase,
conform to the rules. The further experiment of protein docking confirm it, so the mutants of hinge residues may
influence the ATPase activity by the changes of these two parts.
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Fig.1 The show of WT models and the hinge residues and

important parts after equilibrium
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DnaK 4 1 28 # 1% 1 1R 45 & B B (PDB % 5
IDKG: D) 3£ % 5 DnaK & 1 R E RS H
/N3 ATP B Hsp70 5 ATP Z5 4R 544 (PDB
code:4B9Q: A) N HLAR" | 18 i [ YR HE A K 1F
Modeller9v8 ¥4 DnaK E F1 NBD-ATP 2545 RZA 1Y
WT 52875 14 1202A ,S203A . G223A | 1.227A | G228A
SIRGEEAY T S5 AR 4 ] Procheck Xf
HABMEIAT TP,
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ST ER A 7E GROMACS 4.5.5 M A
TR, BHMAR DnaK 8 AT RS & 8 H %
i | GROMOS96 43al J135'"* | /N43F ATP i JH]
PRODRG2 it 55 %% ( http://davapcl.bioch. dundee. ac.
uk/cgi-bin/prodrg) %8 fill 3 T GROMACS 1)/ 73 ¥
ATP (35 BRIE K B AR AL 7 T
26 186 4> SPC216 /K4; ¥ IS iRk & 7 Bl
GHETNEWE/NEE A 1.0 nm, K] LINCS
(linear constraint solver ) 7% X 44 & v ir A 4 < 1F
T2y R, 6 42 7738 33 L) # ( Lennard-Jones
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A IR 1.0 nm, IR ZRSRH NPT R85, R
FER T 738 1L R FH V-rescale #1 Parrinello-Rahman
B BI4EFRAE 300 K AT 1 bar, pH 4 7.0, K&
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Fig.2 The RMSD values of the backbone of NBD
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Fig.3 The comparison of three-dimensional conformation
between WT and the positive mutant S203A after

equilibrium
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Table 1 The results of interaction between NBD and ATP in all the models during MDs
WT 1202A S203A G223A L227A G228A
ATPase & + [7] 11.2+0.2 7.420.6 20.8+0.2 11.5+0.2 8.4+0.9 18.5+0.6
K H 8.45 6.12 8.72 10.99 7.32 9.06
EN i gE| 4.00 5.00 5.00 5.00 6.00 5.00
HKEH 60.00 72.75 68.25 62.50 57.00 52.00
TE: * Peter 5 AMY ATPase WP SLIRE5 0, B0y wM P,/ g DnaK/hr,
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40F v ~ 40 B R v
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Fig.4 The Hydrogen bond existence map of NBD and ATP during MDs
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Fig.5 The distance of important loci T11 and ATP
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B220 EE &S

PE— 2% 15 SCHk , Chiappori 25 A Y BIF 97 45 T 3¢
B, DnaK () 3220 (214-221) #7 SE HUE fE 5 0 5
DnaJ %54, IS4 ATPase 1% PEN) | T 4 4% % 5t
#0555 3220 F 43 AH 7, I R AN 2 3 B i ik L
AR Je , NTTSE A T 40 3% 195 Dnal 456 220 #43 %
AU DT 1 ATPase T & A= 284k

T 26 1 25 A 1 5 5 mT LA 3 L R ( Radius
of gyration, [MIFEA%) HeAr#TH 1) R Bk, B
SR ARARR , 70 o i B A AR AR A UL R e 3220 1Y
Reg KIL(ULIE 6) , 16 MU 28 A8 K 1202A \1.227A 11
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135 —% G223A(0.48 nm) \WT(0.48 nm) , Ifi 15 P
HATHE AR S203A . G228A 1) Rg ¥&/)N, S203A (0.47
nm) (G228A(0.47 nm) , BHCPERG 9, A WL 5 R
SAHIER) B220 FRAL ) BB TE ATPase 1 1 22 1k
T A —E LA, 5155 ATPase T PEAS TR 45 AT
A, BCH £ % k28 AR J5, T RE U I 51 R A E 1
3220 AL BB K A AR, NI SZ M 5 Dnal Y45
AT ATPase BYIE M, X T11 235 ATP 1Y v
— TR R 2 AR A MR kb 78, e (W] 52 8 1 e Js
ATPase & THE2EfL 45
24 ER-EAXMNESESEEST

il PatchDock P34 DnaK 5 Dnal X} 4%,
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F1 Dna) (8] 19 ¥4 5 2 22 5 AR K, WT (10.6 nm) |
G223A(10.7 nm) , & PRV 55 2 224K 55 Dnal (1973
HE B K 1202A(11.4 nm) (1227A(11.7 nm) , 3G P
HnR 2 AR AR 5 Dna) 17340 25 980 /)N, S203A (9.2
nm) \G228A(9.5 nm) , X — &5 RAEAE —E R R
I DnaK 5 Dna) & FI/E GO, (H P EE FH 2 8] A0
A FH B B 32 s W A B i 55 10— A4S i,
— WG AR 5 Dnal SHESS BT 08T, £
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Fig.6 Time dependence of the Rg in region 3220 during MDs
.o« % B WL B F MR (http://swxxx. alljournals. en/ch/index. aspx )
(2016 4E%6 3 # doi:10.3969/].issn.1672-5565.2016.03.03 )

B TP BT A 5 AR AR LU BT A TR B £ A
%2, DnaK 5 DnaJ 32l RGN, B SR TG VUS55 28748
A 5T AT 1) T B B 22 1 R 4, 1202A (638 M) |
L227A(622 ), ji & T HA 5 A8, A ik —
RSB T e 4l SR e TR, T M U 55 28 AR 1A B AR
B 1 B W 2240 % | B 45 45 i s e Bt e v T G



144

£ 0

a 2 %14 A&

MBFRAZR, FEHES Dnal 4545, % Wd Dna) HI3# ATP
KA, TE A RABR G223A Frifs 45 & RE R

SEPETRDERS i PR E I S203A,G228A
PRl i A B L O T L T4

7 % Dnak HE 5 Dna) EEXEEESBBHS L EHUEBRR

Fig.7 The highest score conformation after DnaK model docking with the DnaJ and the average distance
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Table 2 The statistical results of protein docking

. ‘ LR ST v FAEMERY (nm?)  TAIFT AL A8/ (keal.mol)
Stk Frs st/ e ARIBY (om') A
(AT 101) (HT 10 1>) (T 10 4N)
WT 254 8 795 1279 19.52
1202A 638 9 626 1331 112.24
S203A 404 9921 1 436 10.08
G223A 368 9 455 1 356 19.69
1.227A 622 9 961 1 498 66.38
G228A 354 8 965 1315 18.86
X5 B R AR R 1 S B AR R i B 2 H S
Dnal FIZ5& 100, MM ATPase IGVEE(L, ZF 3 45 if

St 2P 55 5 A5 A [ T B B 22 1) SR AR IR 3X
g5 B220 FIHF SR EZH B FHZA X,
T, WA HERR B220 K HAH % #8407 2 NBD 4]
SBD 3 [B] {5 5 1% 34 1) T LA 4 X Sk 2 — B AT
T ok AR A T — &R B LA X A A 3 3 3 )
linker A1 SBD #1742 itk , 3220 S HoAH v
MR B S B F R R AL, T
RESXT ATPase 16 P/ /E ELHERE W, (0 HLAR R B Y
M) A% 356 (1), AR S B0 T R B B A LA, ol 75 2Lt
— T

W3 53 2y T 2 AL ) S50 HRE BT 1 4
5 SRR S203A G228 A ZAEF | ATPase i 1 [X 45
FEGREE T11 BRI S ATP Y y-BE IR 5L M 523, i
ATP 4555 5 T11 KA RN, $ ATP 7K fif il %
MNTTTHESE ATPase 1M ; 16 HEEEA AR AR AR IR G223A
RASPEA M T R HFE S ATP () - R 35 11 i B &
A NI ATP 7K fiff 3 6 55 5 AR R — A4, A
HMUAE ATPase ¥ PF 5 T M6 55 28 A8 1K 1202A 28 7% fiff
T11 RIS ATP 1Y v-WifR B AT B, fif ATP B Xk
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5 T11 & AAEH, INITREAR ATP K fif 8 52 B AIK
ATPase {14, 1227 A B ARGE B A ., (HH 5 5848
FREEAHTEAY B220 (214-221) FRAL B B B PR AR, e
TS REM K, MES Dnal 454, M2 M T H
ATPase GPE, 7340 G PEHISR IS AR /K S203A | L227A
RASHAHZER B220 MY BB MR 5 45 G, rils
ZEA BN/, T M IEARANAR G AR G223A B E
SR A e s Bl 5 ATPase 3 P 45 R AHLT, FF
DL, A % 5L 5 A8 (R AR AT R J2 38 ok 2848 51 T11 &8
435 B220 TSR, I RZ A T H ATPase 7%
PER

AT R FRATIN G F 7K LB Peter 55 A1
A A SR A5 SRR T B S, IRl MG 1K
X McKay %5 ABFFE & LA 4FE Hse70 19 T13 3 5 ( [H]
J8F DnaK & T11) MEE 1) J2 3L X ATPase 36 A
HE G FE DnaK #4775 IR, 53 Ab, o XF
Chiappori ¢ AWFFE % BLAY DnaK 85 B220(214-
221) FRA I B BCMEXT ATPase 1 PR A5 8 252 0 1Y
GERYEAT T U — A W KAIE, X5 L 1% Hsp70 K ik
NBD #5358 48 RAILHI M WF A B 5B .
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