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Fig.1 Overview of the HAP1-wt-UASCYC7 complex
(A) Schematic diagram of the HAP1-wt-UASCYC7 complex. The
right and left subunits are labeled, respectively, and the corresponding
DNA half-sites also are labeled. (B) The base pair HAP1 binding sites
from UAScyc7 in crystal structure and MD simulations. The numbering
scheme used in the text is indicated above or below the corresponding

base. The UAS of both targets are indicated in bold.
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AR S PRI A RN AN S AR BRI R 1M 21 590 22 11 -DNA & 590 (Ser63/Gly63 HAP1-pe7 il Ser63/
Arg63 HAP1-18) ) X SFRAT I SRS MINE NI FERT G, N 4380 712 0512 2% M0 42K I 21 28 306 2 1
63 ‘SHk LIS RE FHECH A UAS 19 N-¥iit Zn2Cys6 LB R840, =12 59 DNA 2
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3 PRI 21 223405 B 11-DNA 50 X AT S AR ZE 1 (B4 %Y. PDB 1055 THWT; Ser63—
Gly63 272 . PDB {5 1QP9; Ser63—Arg63 %7 . PDB {5 2HAP) E K 43 F 50 J1 % ( Molecular dyna-
mics ) AU PIAREEH. FEFIRHE T (300 K, 1 AMARfERAE) , XX =AMERRTEMR T 3 Wlsr 585
BRI F B 1R, BRI R 6. 0 ns, 331 18.0 ns. T /137 )& AMBEROS "' # {41 J2:
GROMACS3. 21" | SR F SPC /KAt

H LINCS 18] BEARTAERK, KRIRFR9EE B Maxwellian 70 i 45 H. RE IR E I HE
FUFI 53501 5 22 TR I BRI AR ORFE | IR AR BCN 0.1 ps. RGE A 5N RRIG
A SCEL, FRSRAR A HECR 0.5 ps. JEFEAEFIE-CAH EAE A EETERYIN 1.4 nm, R8T # B #E
B (rlist) 25 0. 8 nm.

R RE . B ey HoAT VA5 SPC /KA F IR &, SRJEHE 3 /S 4k i 21 28 0% B 1 -
DNA E5W5iA 3 A&, KRS & F R R/MEE R 1.0 nm. ARFFEAMER B S BTN E,
BT HIAGE Y Na* B, bR EAHN A B KD F. WELFER R T R & AT
Rk R R TR R/ MbE , BRI ARAEH 17T 100 kJ/ (mol - nm) A1k, SRJFIZ1T 200 ps AYF-fir 3l
J1%. ZJE TR E IR T A BTl 15l B K 2.0 .

WAL, Ry TORIIE Zn® " 5 Cystin(BEZR ) TEH AR AR, 8 2o it in #E 25 29 B 4E 4 Zn®" -CYS
1 Zn®* -Zn®* BAZEERY IEH S, 1 #%0Ch 1000 kI (mol + nm?) .
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2.1 HEERNFE

3 MR Z TG E R DNA 5285 F (o BRIRF AR T ) 192 5 #4022 ( Root-mean-square devia-
tions, RMSD) B HRL 8] 28 Ak B A 23 I LI 21 (A) ~ (B) JHI[ (D) ~(F)]. K2 WE#EHBR TX 3
AN AW AR I T 36 2R B 5 DNA S5897E 2. 0 ns 247 iABIBhA P4, 3 ANEE (B4 A
HAPI-wt, Ser63— Arg63 HAP-1-18 Fil Ser63—Gly63 HAP-1-PC7) AYF44 RMSD 43 %4 0. 31, 0.29 F1
0.33 nm.
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AT L SCER[ 10 ~ 12 ] A958R, 3 FEZRIN LT =M% & 5 DNA P> UAS Z Al 1Y S H7E &
GEVA7 (2.0 ns ~6. 0 ns) FERGZ LW, S FAEEIEE SR X OS2 AT 5 245 F I  0 SUREE 37 AR 5 4 AR )
BE B 51 F32 1 (bR SR R S RIMIEES M 0.35 nm). H25 1 SCISBCE AT W, R I 42k 1l &1 250805
AR VAR —RIATE R854 &AW UAS(CGC) 19 DNA, {HE HEEA RN Hh 2z —. 4> P
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Fig.2 Time evolution of RMSD of MD structure with respect to the corresponding minimized structures
The protein backbone heavy-atoms of the HAP1-wt( A) , HAP1-18(B) and HAP-PC7(C) , respectively. All the heavy-at-
oms of the three bound DNA; HAP1-wt(D), HAPL-18(E) and HAP1-PC7(F) , respectively.
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(EDAREHRAM CIR---G1'R %] C3R---G3'R BlEEXT) . [R I ] Hi b b Ak 1fn 21 230G 25 1 R IR H e —
AR SEIE A DIRE (BDAE TAMME AR F). R 1 WER, X TR AR HAP-wt FI%E4AE
(Ser63/Arg63) HAP1-18 #RAEME B E F8 IR A UAS (1) =A%) (C1L---G1'L %] C3L---G3'L) , 1fii 55 —F
GRAFNE AR ML LT R B0 B2 1 ( Ser63/Gly63 ) HAP1-PC7 X BEIH I UAS BT 2 MR FEXT (BY C1L---G1'L |
G2 L---C2'L) , PRI E AT 1 S 1R . 98738 (Ser63/ Arg63 ) HAP1-18 1] LI UAS A 8 &M, miEf/k
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Table 1 Hydrogen-bonding interactions between proteins and DNA molecules in three protein-DNA complexes *

Protein Hydrogen bond HAP1-18 HAP1-wt HAP1-PC7

Right protein Arg70RO---C1RN4 0.285(0.297 +0.024) 0.291(0.315 £0.036) 0.279(0.306 +0.031)
Lys71RO---C2'RN4 0.278(0.749 +0.052) 0.318(0.276 £0.012) 0.273(0.278 £0.012)
Lys71RNz---G2RN7 0.266(0.291 £0.016) 0.295(0.336 £0.099) 0.281(0.316 +0.016)
Lys73RNz---C2'RO2P 0.260(0.546 +0.082) 0.283(0.470 £0.085) 0.268(0.427 +0.082)
Cys74RN---C3'RO1P 0.270(0.431 +0.053) 0.450(0.538 +0.038) 0.280(0.386 +0.049)
Lys76RNz---G3'RO1P 0.707(0.719 £0.053) 0.370(2.981 £0.099) 0.266(0.417 £0.062)

Left protein Arg63LNh2---G3'LN7 0.307(0.502 +0.032) — —
Arg63LNhl---G3'LO1P 0.310(0.275 +0.017) — —
Arg70LO---C1LN4 0.283(0.301 +0.042) 0.344(0.285 £0.019) 0.281(0.290 +0.053)
Lys71L0O---G3'LN7 0.300(0.341 +0.034) 0.433(0.371 £0.025) 0.393(0.410 £0.039)
Ly71LO---C2'LN4 0.289(0.283 +0.015) 0.329(0.297 +0.032) 0.271(0.380 +0.023)
Lys71LNz---G2LN7 0.267(0.297 +0.023) 0.294(0.383 +0.061) 0.282(0.290 +0.027)
Lys71LNz---C3LN4 0.287(0.372 £0.054) 0.347(0.587 £0.045) 0.287(0.753 £0.076)
Lys71LNz---G2L0O6 0.281(0.470 £0.057) 0.301(0.430 £0.057) 0.342(0.387 +0.058)
Lys71LO---G1'LO6 0.472(0.345 +0.034) 0.458(0.271 £0.018) 0.431(0.511 £0.032)
Lys73LNz---C2'LO2p 0.266(0.396 +0.090) 0.350(0.520 +0.032) 0.454(1.223 +0.014)
Lys73LNz---C3'LO2p 0.266(0.539 +0.013) 0.388(0.930 £0.092) 0.479(0.575 £0.059)
Cys74L0---G3'LO1P 0.342(0.333 £0.019) 0.393(0.545 £0.056) 0.485(0.556 +0.035)
Cys74LN---G3'LO1(2)P 0.279(0.310 +0.018) 0.306(0.322 +0.043) 0.474(0.504 +0.019)
Lys76LNz---G3'LO2P 0.493(0.611 £0.057) 0.390(0.679 £0.022) 0.634(0.446 +0.067)

* Average non-bonding distance (nm) and their standard deviations ( both in parenthesis) for the contacts sites of HAP-DNA complexes.

The values of X-ray structure of HAP-DNA (PDB code: 2HAP, 1THWT and 1QP9).
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Fig.3 RMSF of the C, atoms around the average MD structures(A), and P atoms in single chain of

DNA (ACGCTATTATCGCTATTAGT) (B)
(A) @ HAP1-wt; m HAP1-18; A HAPI-PC7. (B) @ HAPl-wi; m HAP1-18; o HAP1-PC7.

18 1353 F B ( Intramolecular entropy ) 7] LAXF 4 FAK R A2 KNI, ITFRESER (£ 2) %
B, 3 Pl 4k I 2T 253800 25 1 AR PRI M ( Ser63/ Arg63 ) HAP1-18 > HAPL-wt > ( Ser63—Gly63 ) HAPI -
PC7, T 3 XA DNA B TREAHL, BICA MR XAHEL R S RMSF b —2. Btk
ATLAHEIRT, X 63 5% 3k 1 2870 T DL pkcAs SRR I 2T 28 98006 26 (N3t Fl Zn2 Cys6 S5 R RT 0 (5% 3L . 55 ~
76) ZEME, (HIXFIIEARXT 456 1) DNA 3 FAI G2 /N, BRIP4k i 21 2 0% 8 15 DNA A EAE
FH 2 B T SV AR 1 2T 35 9805 2 ) SR AR Ak

Table 2 Intramolecular entropies(kJ/mol) for the backbone of three HAPs and the corresponding

bound DNA
Species HAP1-18 HAPI -wt HAP1-PC7
Protein Backbone 24102.59 23760.75 22820.96
DNA backbone 7792.23 7793.36 7820.03

GG LRI HATI 0T, 3 MR R AR FIBT-DNA A EAR I 22 57 B2 3 A gk 41 %
BG5S 800, M LT (Ser63—Gly63) HAPI-PC7, (Ser63—Arg63 ) HAP1-18 FIHEFA: 1Y
BRI 2T R 0 B FIE N-3i Al Zn2 Cys6 Z5 3T B S AR, BBEZ 70 /3 b 5 UAS 1Y 3 Ml BE X 12
fo, PRICRENS S UAS B30 TR0, B2, WAL 2 3405 8 F1 A N-Ji Al Zn2Cys6 25 P43 i
P18 A /IR U8 7 SR 1 £ 3R VT 2 1 0 3 s T M R G

2 £ X M
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Molecular Dynamics Study of Transcriptional Activation
Mechanism of Heme Activator Protein

ZHAO Xi, HUANG Xu-Ri”, SUN Chia-Chung
(State Key Laboratory of Theoretical and Computational Chemistry, Institute of Theoretical Chemistry ,
Jilin University, Changchun 130023, China)

Abstract A molecular dynamics(MD) simulations for three kinds of protein( heme activator protein; HAP) -
DNA complexes crystal structures were performed: the HAP1-wt, two HAPl mutants ( HAP1-PC7: Ser63/
Gly63; HAP1-18: Ser63/Arg63) with the aim of investigating the mechanism of HAP transcriptional activa-
tion. Comparative analyses of MD structures for the three HAP-DNA complexes reveal that the key protein-

DNA interactions involving the recognization of UAS i. e CGC are different in three complexes as the experi-

mental observations. Further analyses reveal that three HAPs exhibit different flexibilities, relative to very sim-

ilar conformations of three bound DNA. It is found that the difference of flexibilities in three HAPs results in

diversities in conformations of N-term Arm and Zn2Cys6 Binuclear Cluster involving DNA recognition, causing

varieties of protein-DNA interactions. According to these results, the flexibility of N-term and Zn2Cys6 Binu-

clear Cluster in HAP can play a crucial role in regulating transcriptional activation, which can directly lead to

the alternative protein-DNA interactions.

Keywords Molecular dynamics; Transcriptional activation; Flexibility; Heme activator protein
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