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Homology Modeling of RpiA from Acidithiobacillus ferrooxidans
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Abstract: A three-dimensional protein molecular structure, which was encoded by the gene Ribose-5-
phosphate isomerase A ( RpiA) from Acidithiobacillus ferrooxidans, was constructed by the homology-
modeling technique and molecular-dynamics simulation. The obtained structure was applied to search
binding sites and carry out flexible docking with the substrate ribose-5-phosphate (R5P). The resulis
showed that the substrate R5P can be effectively recruited into the active pocket and be activated immedi-
ately; the residues of Asp81, Thr31, Lysl21, Ser30, Glul03, Asp84, Lys94, Aspl18, Lys7, Gly97,
Gly29, Gly95, Thi28 and H,0 play a critical role in the binding or catalysis of R5P. Among the above
residues, Gly97, Gly29, Gly95, Thi28 are fitly conserved in RpiA from all kinds of sources but have not
been detected before.
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Fig. 2 The change of total potential energy of afRpiA’s
molecular dynamics during 120 picosecond
(The total potential energy is the average of intervals of

0. 1 picosecond)
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Fig. 3 The test results of model afRpiA by Profile-3D
(the residues with positive compatibility score demostrated the

reasonable folding)
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Fig. 4 The finally three-dimensional structure and possible
binding sites of afRpiA
(the possible binding pocket was expressed by filling cross-line in

the space and marked by 1 and 2 respectively)
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Fig. 6 Molecular docking of RSP — afRpiA Complex and
the their hydrogen bond interaction

(a) R5P-afRpiA &4 WHI =44 TXHESM; (b) RSP A afR-
piA MEBEEEMN (FRMAELER)
(a) Three-dimensional structure of molecular docking of R5P-afR-
piA Complex; (b) The hydrogen bond interaction of R5Pand afR-
piA (Hydrogen bond expressed with dotted line)
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Table 1  The hydrogen bonds of R5Pand RpiA’s residues

binding sites

afRpiA R5P e kA

wHE RTF M JBF  /om /(°)
Asp81 ODI  Cl-hydroxyl HI 0.196 149.36
Glul03 0E2 (2 H2 0.225 149.36
Asp84 HN C3- hydroxyl 03 0.233 160.34
H,0 H Ring Ol  0.233 141.02
Ser30 HG phosphate OlP 0.211 155.06
Thi31 HN phosphate 02P  0.211 153.73
Lysl21  HE1  phosphate 03P 0.227 157.72
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Table 2 The electrostatic energy (E,. ), the Van der
Waals force and energy (E,,, ) and the total energy (E,,)
(the residues of | E,, | over 0. 600 0 kJ mol ™'
are listed by their energy size)

L BE RGP 5 BLRE
/ (kJ ~mol™) / (kJ - mol™") / (kJ - mol™")

g

Total —-55.294 4 -39.758 2 -95.052 6
Asp8l -9.3366 -6.560 4 -15.897 0
Thr31 -3.246 6 -2.965 2 -6.2118
Lys121 -3.9312 -1.6716 -5.602 8
Ser30 -2.788 8 -2.709 0 -5.497 8
Glul03 -3.796 8 -1.528 8 -5.3256
Asp84 -3.830 4 -1.4910 -5.3214
Lys94 -3.750 6 -1.142 4 -4.893 0
Aspl18 -3.868 2 -1.016 4 -4.884 6
Lys7 -3.5826 -1.142 4 -4.7250
H,0 ~2.734 2 -1.978 2 -4.712 4
Gly97 -1.369 2 -2.658 6 -4.027 8
Gly29 -1.768 2 -2.2470 -4.0152
Gly9s -1.759 8 -2.234 4 -3.994 2
Thi28 -1.3314 -2.650 2 -3.9816
Ala83 -1.054 2 -1.079 4 -2.133 6
Ala99 -0.5712 -1.306 2 -1.877 4
Thi32 -0.575 4 -1.268 4 -1.843 8
Gly98 -1.142 4 -0.642 6 -1.7850
11e93 -0.697 2 -0.344 4 -1.04106
Leul00 -0.365 4 -0.562 8 -0.928 2
Cly82 -0.348 6 -0.411 6 -0.760 2
Glu85 -0.445 5 -0.154 8 -0.600 3
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H,0 BA MR Asp81 KBIMAT 0, 5 RSP i EZH
HAFABER 2 H B RE; k2 Gly97, Thi28 & RSP
HOAH A A RE 32 22 2 U R4 ) R AR 2k Thi3l,
Ser30, Gly29 #1 Gly95 iR RSP WAHHAEFREH, 70
ToAe Jy e AN BE R A 2, 1 M B/ R BB 4
r, #&EL Asp81, Th31, Lysi21, Ser30, Glul03,
Asp84, Lys94 | Aspll18, Lys7, Gly97, Gly29, Gly95,
Thi28 1 H,0 5 RSP 1 S BAERIREXS L T HE
BRI GE R I 3 LR B T B HE I O RSP
HEGE IR, JEXR Y A AR B B
Wko AR, BT EAEAEHGEM/ SEAREE, &
B Asp81, Thi31, Lysi21, Ser30, Glul03, Asp84,
Lys94, Aspl18 7 Lys7 p45 R H #Y Rpid
HSE G o 52 2 — B (H R AR 9 A E4E H 6E,
Gly97, Gly29, Gly95 Fi Thi28 J&HEr1R Y B E 3R
e, BT B HABA T A YRR RpiA g 4R
SF(FES), (AR — B R B

TERYIBONL G20 (B 7) , wemips 5=
RSP AR ARIEBORRES5Y. RIG, Aspsl
AT M RSP HR i C1 - BRI AR THRZ — BT
BT, X — B A AT BE R B Ab Rk, 78
04 YIE YTH + 208 F T HAEN, — BIPHTIF,
BEIR P RBAISR B TEAH R LB, 7E 04 iR EIRY
FR BN — MNP AL R AR SR 28 T8k bR
FIEERE . TRWEFEIE O1 71 02 ByEksy, Wi
FHTIA TR RS LAGE AL 2O, S ARSI

(Asp81)

(‘;Q o- 0
P
(Glulo3) '\ﬁﬂmc-sOH +HN~( Lys91 )
2

H: -3-H=OH
H

(Asp8l)

_f< QSJ;U S
i \

(Gios) ©O- 62 +N—( L3597 )
OH

2 ring opening

@D htoon g
5

-OH
PO, H—CeH
OPO?,

R5P RSP
(open-chain form) (open-chain form)

B 7 YRR IR R

Fig. 7 The initial step of substrate reaction



98 LR (B ARPHERR)

49 %

FGLERY, Clul03 f2 b i ALINEE, Asp8l
BT — BB B TR B 45 TRY, Lys4
IR RE BARSE B A B o 1T X He 4 5
R, KT Asp8l R AR RSP, FHIVEHE
96 FF) S S AR R AR AR I BE (181 6, ok
MZE2), ENBIRY VL AP 46 13 7%+ —
(BT,

34 %

1) WEMRAAAL TR ARAT B8 1Y) rpid LR 20 A5 B 2R
H SR TR = 40 T A5 B . AR AN 4G
FFOER RSP A EAE MR R, WHE =48 | JZ IR
PR 4t T Rpid,

2) WS EY AT EE, RSP REMEA AU
WZE| A, ferrooxidans W) RpiA R4 IE VRN 5 AP 3 Bl
JE W BTG, AR Asp81, Thi31, Lysi21, Sex30,
Glul03, Asp84, Lys94, Aspll8, Lys7, Gly97,
Gly29, Gly95, Thi28 i H,0 Xtk H f R 98 E
B E EEAEH,

BT

[1] RAWLINGS D E, KUSANO T. Molecular genetics of
Thiobacillus ferrooxidans [ J]. Microbiological Reviews,
1994, 58(1): 39 -55.

[2] BAKER B J, BANFIELD J F. Microbial communities in
acid mine drainage [J]. FEMS Microbiology Ecology,
2003, 44(2) :139 - 152.

[3] TUOVINEN O H, NIEMELA $ I, GYLLENBERG H G.
Tolerance of Thiobacillus ferrooxidations to some metals
[J]. Antonie van Leeuwenhoek, 1971, 37 (4):489 ~
496.

[4] BANERJEE P C. Genetics of metal resistance in acido-
philic prokaryotes of acidic mine environments [ J]. Indi-
an journal of Experimental Biology, 2004, 42(1):9 -
25.

[5] QUATRINI R, APPIA A C, DENIS Y, et al. Insights in-
to the iron and sulfur energetic metabolism of Acidithioba-
cillus ferrooxidans by microarray transcriptome profiling
[J]. Hydrometallurgy, 2006, 83(1/4) : 263 —272.

[6] APPIA A C, QUATRINI R, DENIS Y, et al. Microarray
and bioinformatic analyses suggest models for carbon me-
tabolism in the autotroph Acidithiobacillus ferrooxidans

[J]. Hydrometallurgy. 2006, 83(1/4) : 273 —280.

[7]

(8]

(9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

ROSA L. Interaction between exogenous ribose 5-phos-
phate and the Benson-Calvin cycle in intact spinach chlo-
roplasts [ J]. Plant Science Letters, 1979, 16 (2/3):
211 -218.
ANDERSON L E. Ribose-5-phosphate isomerase and rib-
ulose-5-phosphate kinase show apparent specificity for a
specific ribulose 5-phosphate species [ J]. FEBS Letters,
1987, 212(1/9) .45 - 48.
SORENSEN K I, HOVE J B. Ribose catabolism of Esch-
erichia coli; characterization of the 1piB gene encoding
ribose phosphate isomerase B and of the rpiR gene, which
is involved in regulation of rpiB expression [ J]. Journal
of Bacteriology,1996, 178(4) ;1003 - 1011.
JUNG C H, HARTMAN F C, LUTY, et al. D-Ribose-
5-phosphate isomerase from spinach: heterologous over-
expression, purification, characterization, and site-di-
rected mutagenesis of the recombinant enzyme[J]. Ar-
chives of Biochemistry and Biophysics, 2000, 73 (2):
409 -417.
ZHANG R, ANDERSON C E, SAVCHENKO A, et al.
Structure of Escherichia coli Ribose-5-phosphate Isomer-
ase: a ubiquitous enzyme of the pentose phosphate path-
way and the Calvin cycle [J]. Structure, 2003, 11
(1) 31-42
KIMT G, KWON T H, MIN K, et al. Crystal Struc-
tures of Substrate and Inhibitor Complexes of Ribose 5-
Phosphate Isomerase A from Vibrio wulnificus YJ016
[J]. Mol Cells, 2009, 27(1): 99 - 103.
EISENHABER F, PERSSON B, ARGOS P. Protein
structure prediction: recognition of primary, secondary,
and tertiary structural features from amino acid
sequence [ J]. Critical Reviews in Biochemistry and
Molecular Biology, 1995, 30(1): 1 -94.
INSIGHT 1II, version 2005 [ CP]. San Diego: Accelrys
Inc, 2005.
BLUNDELL T L, SIBANDA B L, STERNBERGM ] E,
et al. Knowledge-based prediction of protein structures
and the design of novel molecules [ J]. Nature, 1987,
326(6111) ; 347 —352.
LUTHY R, BOWIE J U, EISENBERG D. Assessment
of protein models with three-dimensional profiles [ J].
Nature, 1992, 356(6364) ; 83 -85.
MORRIS A L, MACATHUR M W, HUTCHINSON E
G, et al. Stereochemical quality of protein structure

coordinates [ J]. Proteins, 1992, 12(4) . 345 —364.






