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—o R TIELERITE LN DHBPs ¥ 5-43% 1% #% i #% (ribulose-5-phosphate, RuSP) # #e i 3,4-— 3 FL2-T
Jii 4 % 1% (3,4 -dihydroxy2-Bu-tanone-4-Pho-sphate, DHBP) Fl H i3 £k (formate) , 4= i% ) DHBP JJy #% i 2% & il
M0 BB — o NEWAT & AL TR AR G i& 4%, AN 8 2 5 & k% 038 (1) DHBPs 25 AH O i sl A7 52 i
U 2 AE R EEAL R A VR T Ml 28 BK B ¥ DHBPs EAT ve P 0k Al Ak 55 W 2 1 T 4 e, O O
FC Y 25 R 1 AT R B 2 ) ot S R I AR SR Al K7 IR PCR B AR Y 1% DHBPs J [, 4 1t
2 FK IR AR pW28-DHBPs. 4 H i N KW #F 14 (Escherichia coli ) BL21 (DE3) %3k, Fl Ni B 155 M EHr )
B A4 (DEAE) 240 3R 45 47V M (¥ DHBPs J&5 , BE47 B 2% M JT %8 oo K4k 2R I D) A0 I 3 G0 52 B D 4 4 T
¥ pW28-DHBPs, 7i E. coli BL21 t 33k T Af %1k DHBPs, ik J5 3K 43 T 4 1% K 95% [ ¥ & (1 7, &4y 17
5 T DHBPs 635 DL A R A7 AE - Xt DHBPs JEAT Wi 2% VR 5 20 T % W1, 76 25°C .pH Jy 7.5 F1 Mg™ " 77
FERIG OLT > DHBPs H AT G 5B IR A% M Bl e e il DHBP AR 28 1K 0 e (48 D88 — X D) v B JR4E E.
coli BL21 " 33E 1 — Miili 58 B BR T & 1% 70 28 (0 AH SC i —DHBPs, 214k 5 1) 5 40 DHBPs H AT 547 1 54 1R
A% B 4 08 35 P 3K R AR AT G = 4 5 A Rk T 5 R R AT 1R R — AT T 294 v P A T AR S
KRR M R BERR T, 3, 4— R 2T W44 B & K (3, 4-Dihydroxy2-butanone-4-phosphate synthase,
DHBPs) » $7T 1 2459 » [ 0 1t
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Jils 58 B BR B AR O A T8 5 3K 2R A N T 2% B B
LA () 352 ) B 46 0F 763 2 B IR B 0T R
PUE W IAE A BE . A% 3 F R Bl 1 i R R RN
W% R R 3 25 PR L TR 1 A R T A i
WG R R E B W R ILVE 2 A 2 R kA
Lhn - i 4 4% BR B (Streptococcus pneumonia) 1 [ 14 4l
Can - 845 22 ¥ 1T IR (Salmonella typhimurium) ]
MEHE [ 2B R (Candida albicans) ] %5 A g )\
i B OB T R T A S o 8 R (vitamin
B12, riboflavin) LL 4 35 B 4 (19 /£ 47 53 7" 5 I
s NS L 3 ) e A% B 3Rk B e N B b B
YUY 45 AR A7 5 225 DAL AR B0 3R AR ) 5 1R AH O il
g S 5 E 1 B0 25 ) 4F TS0 A7 5 . DHBPs 4 #%
WREM G " R TAEE I B
'~ DHBPs 0] ¥ 5% 1 #% B % (ribulose-5-phosphate,
RuSP) % ji 3, 4—— F& H2-T W4 1R (3, 4-
dihydroxy-2-butanone-4-phosphate, DHBP) Fl H! fig 2§
(formate) , #E i [f) DHBP iy k% B0 3 & IR 0 55 s R
Z—" o Jn R e A DHBPs (3% Y, 7T 8 I
0 T PR A% B3R IR B T A0 T A0 R ) AR A R B
DXtk DHBPs 0] B2 5 o — AR 00 18 245 9 41 HT K 2 K

1 BB 77k
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1.1 B#RAOBTRL : il 58 4 2K B MLV 4 70 A 4R 1T Bk
TIGR4 (ATCC-BAA334) , i H 3% [H ATCC 1k 2 4 14 Fh
PRAE A e KW AT B (Escherichia coli) DH5a )
TaKaRa /A 7], E. coli BL.21 (DE3) liJ B NEB A @ . J&
R pW28 Hi pET-28a (JJ |1 Novagen /A 7)) M0 1 2K -
1.1.2 BHFEC+Y FEREFRE 505%
Yeast 5 i), J T S. pn MO K597 LB B 3R 56 T E.
coli DHSa Al BL21 {5 77, KB & E AWK E A
50 pg/mLo

L3 3300 sk b £ 1K 0] - i ml e ik 77 & A 4
DNA $2 BURF &30 A B e sd 2y TR A A
T4 DNA % $: [ [ 2% v B Promega /3 7 ; #5 Fii B
A U A 28 O W 1 NEB 2w ; DNA 3 4 il
W B TaKaRa 2 #]; & 1 Jit Marker D530A W H
TaKaRa 24w ; HI T~ 2% 43 7 16 F5 AE i+ JiC 4) 45 38 711
W B Sigma A A .

1.1.4 % 2&: NANODIOOO # & 4> )6 )% Ji iF i H

Thermo 24 ] ; Ni* " -NTA 3 il 22 7 #: . DEAE 8 %
#eJZ BT Hiload Superdex 200 #E i J= #7 A1 2 1 A
GE healthcare 2 &) -
1.2 =K%k pW28-DHBPs B2

Xf il R B BK A TIGR4 1 3 X2 HEAT 73 17> B
SP0176 &R (1206bp) 4 fi5 ) & 19 5 & 402 AN 3%
12 A AE R 2 M L AR P A S G Hh N S
S DHBPS &5 #y38, (1 - 204 fi7 & /) , C i A H
KAk i & i (GTP cyclohydrolase I1) (205 —402 £ 4,
KEMR) o il DHBPs 45 M3l 38 514, h 42 K5 A
e 1E SCHE 51 P 5 8 5-GGCGAATTCATG
GAATATCGAAAAATACS3", x X85 W75k 5 -
GTACTCGAGTTACAGCTGATCATATACTTTTC3", H
N R X 230 EcoR T F1 Xho T B 4 Mg ) £
&Moo PCR 91 DHBPs 5 X, 55 41 J5ORE i #1255
R CO1 1, 90 AR H AR S 56 I o 56 A o
1.3 DHBPs gy &%

K H1I0 58 1 1 (0 FORLE N E. coli BL21, 4l
% 2R 1A 37°C 1 BORE 5% O H Pk RS T RN
1.0 mLLB 375 (R B 85 5 &K 0 50 pg/mL)
37°C,200 r/min £% K 8 77 2 h, R J5 I &N
1 mmol/L IPTG F 37°C i 5 £k 4 h WU AT
SDS-PAGE Hiyk FI W H )3 K& 7 R & . #EH H
VR 11 R 1040 5 6T V6 S 46 P (1 I ] 0D
IPTG & JB < il B2 25 ) WEAT DAL » 8 21 T M 04 30 %
S A&
1.4 DHBPs By4i{t

H Binding Buffer (20 mmol/L Tris-HCI pHS8. 0,
300 mmol /L NaCl) & iF i 4, B e kW 20 1 UKOK IR
A B AR S G & 0 (4°C, 12000 r/min,
30 min) , FEPCUE S 250 EIE L4 -6 s/drop [ 304 %
i O 95 4L 21 5 ) Binding Buffer V- ffif 18 1) Ni** -
NTA SEFZHT 4, 2R )5 H 200 mL ) Washing Buffer
(20 mmol/L Tris-HCl pH8.0, 300 mmol/L NaCl,
10 mmol /LK M) Pk i 2% 2 1 i, 5 5 Elution Buffer
(20 mmol/L Tris-HCl pH8.0, 300 mmol/L NaCl,
200 mmol /L WK M) P& i 45 2 H 1) 8 . SR e 3k —
% ]l DEAE-Sepharose Fast Flow column (1.5 ¢m x40
em) 24k, b FETHT ¥ A6 B i 2% vh i (20 mmol /1L
Tris-HC1 pHS8. 0) V- DEAE E#74%, B 5 4% Ni°° -
NTA 246 AT HFE R EL 1.0 mL/min i EAE. -
B 52 Ja LAV 92 ph Y- 45 J2 B A %5 600 mL L
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NaCl #8 FF 0 - 500 mmol/L (20 mmol/L Tris-HCl
pH8. 0) HEAT Ve, JF A H) B 3l Wi 4 4% Wi B U E
fh (6.0 mL/min/4%) « Hl 15% SDS-PAGE 43 #7 4li 1k
T A3 58 1 BUAE i (0 20 5 il NANOD2000 ff £ 5 4
WA A # TR
1.5 DHBPs EFBHPRBERS

W 6 JE 2 i 322 0 € DHBPs 72 ¥ W T 8 4R R
Ao SEHIARAEH 11 X Superdex200 34T 4 5 28
J5I 5 T DHBPs #E buffer (50 mmol/L Tris-HCI
pH8. 0, 200 mmol /L NaCl) 1 [ S8 45 IR A . bRt &
P15 4 /A i 5 i 8 11 )5 (BSA, 67kDa) , 4% B 3§
% 1 it (Chicken ovalbumin,43 kDa) , Jidi ke 3L & A 5
Ji J5i ( Chymotrypsin, 25 kDa) il % 1 f§ ( Lysozyme,
14.4 kDa) o )2 H7 Y& 1t th 2230 3% 8 br vfE 8 (1 5 K
DHBPs UL B AK B, f Jo o 55t DHBPs 723 W 1
G358 R /N IR R 5 T8 AU A L AT
1.6 DHBPs IEF % E

K Picollelli 85 % W] 1) Eb (1,30 F 28 0 3 24 18 2
JE T W E W 48 BE Bk R0 DHBPs 55 Y
125 ,J,LE(E\Z{Z'S%\EF',ZO wg DHBPs.50 mmol/L Tris—
HCl pH7. 5.5 mmol/L MgCl, 5 mmol /L 5 % #% P .
0.25U PPI (pentose phosphate isomerase, Ji #i - fiff [
&S KN »25°C EE 30 min; HJS K XA 100 wL
AL 50 pla—Z5 ) (35 mg/mL ¥ T 1 mol/L
NaOH) ,30 min J5 %W 24 k20 {6 (DHBP 1@ o Z5E)
AR ILIR) » B 10 3R ke L 3 ) J8CIE L, 77 00
525 nm W Y5 0&

2 4

2.1 DHBPs MRESRIERNMNLE

DU 48 % Bk 7/ TIGR4 J& X 40 DNA 4 B, 1%
THIFE B A I RE Ay G B v Bre Hy
B8 1% B IR B LUk RS M 72 600 bp B 5 Pk
gkt 5T ) DHBPs &% 70 7 KB — 2L wi ] &
BTG H R . 2 PCR G % 1t 1 41 5 kL 4
EcoR T Fl Xho 1 X[ 1) J5 H Uk 7E 600 bp H HL DNA
(4% ; 38 3k DNA U ¥ 43 b7 UF 52 3L 45 DHBPs
SEHHE T 415 GenBank % 3% (¥ DHBPs 5 [}
Beog M
2.2 EHHBHBIREMAL

¥ 1 D) K g 1% 5k pW28-DHBPs # N E. coli

BL21 i%ii%%’f?%ii#iﬁﬁﬁﬁ [ i 5 5 ) IPTG
WP A R ARG I UAL » B e LR S R IA
AL 0 I BCRS FR B H R BL 12100 AR R T 4%
Fir LB B 9e 0k (KRB & FZ LW EH 50 pg/mL, T
37°C 200 r/min L K5 7% & 0D, = 0.4 I (£l &
20°C, 41 B 4k ZL W B & OD gy =~ 0.6 I LA IR
0.5 mmol /L IPTG J- 20C #4715 S KA, 12 h F &
o WAL T A

W 3 O WA TR AR R P R S R B
W2 Ni'" - NTA S5 2 47 320 B 85 1 A8 e 2 #7 ik
(& 3% W, & 1) DEAE-Sepharose Fast Flow column
(1.5 cm x40 cm) %F H 1098 A BUBEAT 24k . Rk K
aifl o B RE B 4T SDS-PAGE, 45 LK 2. & 2

B, B I AR LS el TPTG 7 & 1 42 41 i
BB T ~F2ZHMWEAREN, 2 TERAN

23 kDa, 53R W7 TR AT & RIL W) K E > A w]

A
0.204—
018+ L R S e BTSN P L e R RN R L

0,164~ ; i
0,124~ A g e o b b e
0.101
T e s

0.041
002

ODQE[J

00:00 01:00 02:01 03:02 04:02 05:03 06:04 07:50 08:05 09:06 10:07
Elution volume/mL

1 DHBPs DEAE = #f7 4§ 1k & %

Fig.1 The chromatographic curve of DEAE column.

2 DHBPs Ni’* ZE#0

B K& DEAE 4 1t 5 B2 f ik B
SDS-PAGE of DHBPs after purification by Ni** NTA and

Fig. 2
DEAE column. M: Protein maker; 1: negative control without IPTG; 2:
induction by 0. 5SmM IPTG; 3: pellet; 4: Supernatant; 5: flow through;
6: Ni** NTA elution; 7: DEAE elution.
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WY & — RV A0 5 1) 7= ) 4l B ik 95% (K
2)  MAFILHE N 3.4 mg/mLo
2.4 BRI DHBPs 755 P B ERKS
FH Superdex 200 % Ji2 J22 BT A X bk 1 2 (1 (4
ML S5 MLV R 5T, X BN A BT, R L R 1 i
JEUR 5 B i) EAT 2 AT, ik 1.0 mL/min, AR 45 36
JE AR RN Gy 1 B E AT P s 43 1 B R AR AR
UL F X% :Log MW = —0.01712Ve +6. 05667 ( R?
{5 0.9726) o LA [6] ¥ 4% £ 1 Superdex200 i 47
DHBPs JZ 7, & B 36 B A2 F1 % 88.1 mL (K 3) .
IS FH i TR R A 2 1 B AR A BRI U it e T
RIMHAEH WP 7y 1 B 214 35. 34 kDa. if 1f 1) 58
B9 R S, il 48 B Bk B SPO176 KL A 1) DHBPs 45 1) 43k
(1 =204 A% 3L 1R 5k L) o B4l N T R 18 i ki
pW28, H it 57> 7 & 298 23.4 kDa, $2 /5 75 % W
(50 mmol/L Tris-HCl pHS8. 0, 200 mmol/L NaCl) ¥f
it DHBPs & DL FAK B A7 A5 1 -

200 F 88.1mL |
150 | j \
. /
<100 /" \
ok, 1
\
Thl\“’\_;\_l,n_m, J \\_ﬁ_ i
°% 20 40 60 80 100 120 140

Elution volume/(mL)

3 EREMHAN DHBPs i8R THBERR
Fig. 3 The gathered form of DHBPs in solution detected by Superdex
200 gel flittration column oligomerization state determination using gel

filtration (Hiload Superdex 200) .

2.5 ERFEMHRBINE

i v M s oK b 63, 43 0% O BE I ¢ DHBP
ST AR E &S 2,3-T W 5 B & 5 LR F1
o ZE M R A i T o bR v i 2% 42 ) DHBP 5
B FILR A o Wy S N, W E 525 nm WO FE 4
M. DHBP (R B2 5 45 R W oR, 7 10 =50 mmol /L
WP O N 5525 nm WI{E 5 DHBP R B AT R
UF I e G 3R o X IR WAC B R0 4 B2 0E AT 40, 15 31 2
ZEVEX R A A =0.0793C +0.2361 [F A 24 525 nm
WS4, C & DHBP (¥ (nmol /L) , J7 22 4 R® =
0.9821 J. Picollelli %5 J5 ¥, £ J& ¥ &k & N
16. 8 mmol /L, JZ I 3 FF % 25°C, 42 J&@ 5 1 Mg>" 17

TERIL R 3643 7 W ) 4 B7 75 10 = R I 26, 45 R %k
W1, RuSP 75 [ B 3 AT 5] 400 49 B I 45 3 K % 1 58
Yol A S I 41 3R 8 R A il g BE Bk
DHBPs H A K 50 B A% i % 2 iy 3, 4——F k2
7T -4 IR R R o S

0.8

0.6

ODeys

0.4+

0.2

0.0

0 100 200 300 400 500
#/min

4 DHBPs (52 S4B AZERHE H 3, 4— 2 & 2-T 4%
B% 70 R BR & A9 B2 R #h 2%
Fig. 4  The reaction curve of DHBPs degrading Ru5P to DHBP and

formate.

3 itie

AR At FRYE T N S. pn T 24 B PR IR Ik 4t
T3 4 N ALAT S pr AL IR A T T I R K
Bk " o TR AT LA A8 I 48 Bk R 1
B APUER BRI EE AN G EA
5t DHBPs [T 5005 T8 24 1 TF & H A K = o
A FE 8y v B - e IK 24k T B AT 50 R A% W B
JK AR P ) DHBPs , 3306 N B fili 58 5 Bk B A% 51
% (riboflavin) & B 5 AW ML A EAEM . &
Yofs BE W B, il 98 B BK TR ) SPO176 ik [A O
XLy REHE B G 6% — A XLy € Mg, J6 o DHBPs £z 1
B8 ity 5 T 2 sy W) EL A = W PR S 1 P A K A I TT
(GTP cyclohydrolase ID) (¥ 3544 . H i & B I Ath A7) ol
DHBPs Fl GTP cyclohydrolase IT #E i1 P4 4™ i 57 ) &
DRI SR AT 2 5% > 490 00 K Jl T AT 8 O 00 AT S I Y e BR
T~ 00 7 R T A B A7 R D 1 A S TS il R R
MR 3 38 B S AR B A — A ) - 2L Al 4
Rppk T L ALK 10 i 2 B kT DHBPs 75 ¥ i
TR SRRSO TR AR, IX AT R S R $5 K fi# RuSP
0P AH O o Kumar 85 fif A7 5 BL B0 2€ 00 177 IR
(Salmonella typhimurium) % 14 1) DHBPs [1¥) &% 1A 45
Ry I B0 » A i A B — AN AS X B B A7 o A7 AR A
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DHBPs 43+, 1fif — JAM 454 1 St i EARTE 2 AN B K
) 4 % (fu 35 Ile65, Val97, Met83 Fil
Phel138) *Y . Kumar S8 R, B P RO A T
TIRARI S G AL R T R AR IR ) 2 A=
RERERIEZ S T HIRYNE G . Rl T Hursh=
Jils 98 B BR T () DHBPs & 4k 45, DHBPs Py A~ . 5k
W] JE A S b L ANV R . 534k, DHBPs &
RSN R EERE REHE pH ARiEHES
JE B AR R e AN VR ZH g Ak S O T R T A S
5 3k 45 10 2 A5 /K i RuSP 35 1k () DHBPs JfJF g H =
Y 5 K BB 5 HE B AN 23 5 KT A TR &5 R A il i
PER) R AW, g B T 46 kg I 8 28 B0 o S 1) e
28 PR TR A5 OB 29 W0 1 Bk B 0 B ) 45 M AR A .
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Cloning and characterization of a new antibacterial
target, 3,4-Dihydroxy-2-butanone-4-phosphate synthase

Li Jin, Hua Zhou, Shasha Zhao, Wei Yang, Siqiang Niu, Deqiang Wang

Key Laboratory of Molecular Biology of Infectious Diseases, Ministry of Education, Faculty of Laboratory Medicine,
Chongqing Medical University, Chongqing 400016, China

Abstract: [Objective] Riboflavin, called generally vitamin B12, is the precursor of cofactor flavin adenine dinucleotide
(FAD) and flavin mononucleotide, which plays crucial roles in the biosynthesis of organisms. Bacteria need to synthesize
riboflavin to maintain their survival and proliferation if they cannot obtain flavin from the surroundings. 3,4 -Dihydroxy2-
butanone-4-phosphate synthase (DHBPs) is one of the key enzymes in biosynthesis of riboflavin. In the presence of
Mg’*, DHBPs can degrade ribulose-5-phosphate (Ru5P) into formate and 3, 4-dihydroxy-2-butanone-4-phosphate
(DHBP) . Potentially, these enzymes related to biosynthesis and metabolism of riboflavin, including DHBPs, may serve
as the target for new antibacterial drug. In order to determine the three-dimensional structure and screen small molecule of
inhibitor of DHBPs, we expressed and purified DHBPs from Streptococcus pneumonia (S. pn), and characterized the
activity of this enzyme. [Method] DHBPs gene was amplified by PCR, and over-expression plasmid pW28-DHBPs was
constructed. pW28-DHBPs was transformed into Escherichia coli BL21 (DE3) to express DHBPs; the recombinant protein
was purified by nickel column and ion-exchange column. The enzymatic activity was tested using spectroscopy. [Results]

The plasmid of pW28-DHBPs was verified by restrictive enzyme digestion and sequencing. Soluble DHBPs was expressed
in E. coli BL21, and purified with 95% purity. The result of size exclusion chromatography indicates that DHBPs was
dimer in solution. Additionally, the recombinant protein has activity to hydrolyze RuSP into formate and DHBP in the
conditions of pH 7.5 and 25°C and in the presence of Mg’ . [Conclusions] DHBPs could be highly expressed in soluble
form in E. coli BL21 strain, and the recombinant protein has activity to hydrolyze Ru5P.

Keywords: Streptococcus pneumonia, DHBPs (3,4-Dihydroxy-2-butanone-4-phosphate synthase) , antibiotic, enzymatic

activity
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