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(1. 430023)
Q. 200030)

B OE [BH)] k2 EEAMARAI R MIA & @ T LR & I35 82 3 55 8 (CMP) 49 iR
R BRI C5 4L B B T EAL, T T AALIE B (HmCMP), MilA #1284 % JLey & e
5 A B CMP 94 F 3 ALBE. MIlA B T B EJA B8R 5 B (TS) A= BL AR 3 BR 72 F 4L BE(CH)
FEORR A, BT HEMTNLIEAN G Z g 4EMAEFADL, CHIY )£ BB HAER 5
Jargee kP R 2 A a4 £, MilA102 LAt H 69 R AR A FABR, TS91 b=t 64 Ak B%
AMREL. B, BRE MIlA EF 102 15269 4 R, % Kz BRI CMP F= 5L 804 B (ACMP)
AREMREGHA., [FE] BT ERTHKR, HF MIA § 102 126918 F BB R 2R
(Threonine, T)%# & K & R4 A (Valine, V)#=55 & B (Leucine, L). [4 3R] R BeE 21
#R B, AT MilA, MilA T102V 2-F CMP ¢94107E T & 87.1%, *-F dCMP 4941
EMWEA A, m MIIATI02L ¥ £ 7 3¢ T oA R 69 %t [ 48 13X &9 Thr102 #F T MilA
LR A CMP i, HmCMP £ X T %; R &, £&FHa LS ARAF AR A BR K
SRTABET, BFEELRMESHT R T — 29 ZRALAR ., Thr £ 102 425497
22 1T A R B9 SRR 7T A L2 A B AL,
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Analysis of key amino acid involved in hydroxylation of methyl group
of CMP in CMP hydroxymethylase MilA by site-directed mutagenesis
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Abstract: [Objective] MilA, a cytidine 5’-monophosphate (CMP) hydroxymethylase which can
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(TS)

convert CMP to 5-hydroxymethylcytidine-5'-monophosphate (HmCMP), was discovered and
characterized in the mildiomycin biosynthetic pathway. MilA belongs to the superfamily of
thymidylate synthase (TS) and cytidylate hydroxymethylase (CH), and was the only enzyme to date
that was able to efficiently convert CMP other than dCMP to HmCMP. Three-dimensional structure
prediction of MilA revealed high similarity to that of CH and TS. Ser94 of CH was proved to be a
key residue mediating hydroxylation of the 5’-methyl cytosine of dCMP, corresponding residue is
Thr102 in MilA and Pro92 in TS, respectively. In order to study the role of Thr102 in MilA, we
constructed mutants MilA T102V and MilA T102L. [Methods] Based on above analysis, Thr102 of
MilA was site-mutated into valine (Val, V) and leucine (Leu, L) to assay their catalytic efficiency.
[Results] Compared to the wild type, activity of MilA T102V for CMP was significantly reduced by
87.1%, while that for dCMP was maintained at a similar level. By contrast, MilA T102L could not
use CMP and dCMP any more. As for MilA T102L, the side chain of Leul02 was one carbon atom
longer than both of Vall02 and Thr102, implying that steric hindrance effect was involved in the
substrate binding by MilA T102L. [Conclusion] The results demonstrated that Thr102 in MilA was
essential for HmCMP formation. The function of MilAT102 may have reached optimization after
naturally evolutionary fine-tuning.

Keywords: CMP hydroxymethylase, Site-directed mutagenesis, Deoxycytidylate hydroxymethylase,
In vitro catalytic reaction
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Figure 2 Schematic diagram of the hydrogen-bond network in the active sites of dCMP hydroxymethylase® and
predicted MilA
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Figure 3 Crystal structure of dCMP hydroxymethylase® i f
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Figure 4 Alignment of a MilA segment and its homologs

with known thymidylate synthases and cytidylate
hydroxymethylases
TS1-TSP3 Cl C2 dCMP

Al-A6 MilA

Note: TS1-TSP3: Homologs of thymidylate synthase; C1, C2:
Two cytidylate hydroxymethylases; A1—-A6: Six putative MilA
homologs. Residue in blue is essential for hydroxylation; Residue
Thr102 in red is considered as critical in the hydroxylation
process.

1 HRSEIE

1.1 ##
1.1.1 E#hFFRAL
1 2

Figure 5 Chemical structure of threonine, valine and
leucine
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Table 1 Strains used in this study

E. coli Characteristics Source or reference
DH10B F, recA, lacZ, AM15 GIBCO BRL
BL21(DE3) F ompT rB mB (ADE3) pLysE Cmr Novagen
MilA MilA
MilA T102V T102V MilA
MilA T102L T102L MilA

F2 WRTBETR R R E BRI

Table 2 Plasmids used in this study

Plasmids Characteristics Source or reference
pJTU2955 MilA pET28a Ndel  Xhol

pJTU485 pJTU2955 PCR T102V

pJTU486 pJTU2955 PCR T102L

F 3 AXLIFHTH PCR 3%
Table 3 PCR primers used in this study

Primers Forward (F, 5' — 3") Reverse (R, 5'— 3")
T102V GACCCTGCGGGGCCAGGCCTACGGGCCCCG CGGGGCCCGTAGGCCTGGCCCCGCAGGGTC
T102L GACCCTGCGGGGCGAGGCCTACGGGCCCCG CGGGGCCCGTAGGCCTCGCCCCGCAGGGTC
122 ®EEAMFRIESHK -80 °C,
BL21(DE3) (25 mg/L) Bradford (Bradford Protein Assay Kit,
(50 mg/L) LB 37°C Bio-Rad )
1% 1L 123 MilA RERTERMKIMEL R
LB ODgpe=0.6, 200 pL: Tris-HCI buffer (pH 7.5) 100 mmol/L,
20 °C, IPTG 0.4 mmol/L, (Paraformaldehyde) 15 mmol/L, B-
20 °C (2-Mercaptoethanol) 50 mmol/L,
, , (Tetrahydrofolate) 2 mmol/L, CMP dCMP
, 1 mmol/L, MilA MilA 100 pg
A (20 mmol/L , 0.5 mol/L NaCl, 120 mmol/L 37 °C, 2 h, R
, pH 7.4) , B (20 mmol/L ( 4%) 30 min
, 0.5 mol/L NaCl, 0.3 mol/L , pH 7.4) Agilent 1100 series LC/MSD Trap
, 12% SDS-PAGE system Agilent TC-C18 (5 pm,
30 kD 4.6 mmx250 mm) , 20 mmol/L
3 000 r/min , 50 mmol/L pH 5.5/HPLC (Merck ) (98:2,
Tris-HCl (pH 7.4) , 50%, ), 272 nm, 0.3 mL/min
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2.1 MilA E R RETHRBIIRET
MilA pJTU2955 ,
T102V TI102L PCR,
6.5 kb ,
6 ,
DH10B , (25 mg/L)
LA 37 °C ,
(25 mg/L) LB ,
220 r/min 37°C 4-5h 1 mL
ACC GTC (
) CTC ( )
BL21(DE3) MilA T102V
MilA T102L
22 RLEARFIEMGL
T102V  TI102L
100 mL , >
7
38 kD ,

2.3 RLERIMELTIRER S 4

231 MilA RERTEHKIMENL CMP
- (LC-MS) MilA T102V
T102L , 8

kb  Marker T102V TI102L kb

6.5

B 6 SIARTHRE PCR =R IRAEHE AT B
7k

Figure 6 The agarose electrophoresis of reverse PCR
products containing mutation
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T102V CMP ( 324)
CMP ( 338) ,
T102L HmCMP (
354), T102L CMP
T102L T102V ,

R
NCS Qv
kW wl\‘\P’ W O p

7 EH#E 300 mmol/L BkME R E BB SDS-PAGE
ik B

Figure 7 SDS-PAGE analysis of proteins eluted by
300 mmol/L imidazole

T102L
T102V
MilA WT “ .A

ES1 324 l
ES1 354 . '“I\.v

12.0 13.0 14.0

Time [min]

8 LC-MS &l MIlA RERERS CMP 8RS
Kz =4
Figure 8 LC-MS analysis of reaction products by MilA
and its mutants with CMP

. ESI: R : CMP
HmCMP.
Note: ESI: Electrospray ionization, The peaks linked by dotted
line: Substrate CMP and product HmCMP, respectively.
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354 dCMP , MS
HmCMP , HmdCMP
, T102V CMP MilA  Thr102 :
, MilA CMP  dCMP
T102V CMP , 4, MilA Song 1999 dCMP
HmCMP CMP dCMP ,
47.2%,  TI102V 6.1% MilA, MilA dCMP
T102V CMP 87.1% , MilA CMP
, , 2 ,
, T102V (T102)
, T102L CMP : H,0
( 5, ,  CMP R , ,
T102L T102V  T102L
MilA CH ,
CH 94 /dCMP

> B

, MilA  Thrl102 MilA T102L
< _HmdCMP
T102V /\_‘_/
, MilA ,
CMP Thr102 3 ESI 308 ‘
4 ’ ’ ESI338 L
, CMP
15.0 17.0 19.0 20.0 t (min)
B9 LC-MSH# MilA REREES dCMP BIRIMNE
232 MilA RERTERKIMENL dCMP: Rz =49
2 MilA Figure 9 LC-MS analysis of reactions of MilA and
> ! mutants with dCMP
dCMP 9 : ESL: ; : dCMP
. HmdCMP.
’ Mila, T102V dCMP Note: ESI: Electrospray ionization; The peaks linked by dotted
HmdCMP T102L line: Substrate CMP and product HmCMP, respectively.

*= 4 FHER MIA RERTEE T102V 3 CMP EL 3%

Table 4 Catalytic efficiency of MilA and MilA T102V on CMP

CMP HmCMP
Enzyme The peak area of initial CMP Peak area of HmCMP Catalytic efficiency (%)
MilA 6 987.9 3300.7 47.2
T102V 6989.3 427.8 6.1
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