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Discovery and detection of free cytosine in Streptomyces lividans
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Abstract: [Background] Cytosine is one of the four basic bases of nucleic acids. Cytosine is firstly
synthesized in the form of cytosine triphosphate. There is no specific primary pathway for the formation of
free cytosine in nucleic acid primary metabolism. The biosynthetic pathways of blasticidin S and
gougerotin both utilize free cytosine as the precursor. The biosynthetic gene cluster of blasticidin S
contains a hydrolase BIsM that can hydrolyze cytidine monophosphate into cytosine, while gougerotin
producer doesn’t encodes a homolog to BlsM. [Objective] To detect the existence of free cytosine in
different bacteria, and to explore whether there is an isoenzyme or a new pathway to produce free cytosine.
[Methods] bisM was knocked out in blasticidin S heterologous producer Streptomyces lividans W2, its
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fermentation products of the mutant strain and WJ2 were detected by high performance liquid
chromatography. Free cytosine in the supernatant of 10 fractionated cell lysates was measured by LC-MS.
[Results] The mutant WJ2AbIsM strain still synthesizes blasticidin S, but the yield of each component is
significantly lower than that of WJ2. In addition to Streptomyces lividans, free cytosine was detected in
Staphylococcus aureus, Amycolatopsis mediterranei and Bacillus subtilis. [Conclusion] WI2AbIsM still
produces blasticidin S, indicating that wild-type Streptomyces lividans has an uncovered pathway for
synthesis of free cytosine to meet blasticidin S synthesis. The content of free cytosine varies in different

microorganisms.

Keywords: Free cytosine, Streptomyces lividans, Blasticidin S, HPLC, LC-MS
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Figure 1 The chemical structure of cytosine (A) and the process of cytosine synthesis in organisms (B)
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Figure 2 The chemical structures of blasticidin S (A), arginomycin (B), mildiomycin (C) and gougerotin (D)
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(4.6x250 mm, 5 pm), YMC ZA#]; #2400
4%, Qsonica 2],
1.2 Fi&
1.2 EE T

B DR BRI AY) J2& PCR-targeting ik,
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B0 20 min, 2/ DNA IHE, FiEE TieEk
X, 1000 r/min, 30 °C. 5 h fETHMEE, F4

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



SRRNAIRAT: AR B B DA A DN T 2 s e 1) 4 B L A

4003

WA B 121 i AR B - TIR AW, iR
YR 1 min F5HEAIE, 12 000 r/min B0
15 min, /NOWHC B, 1 022 um AHUAIER S
T —40 °C %1
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R B L AE AT 5 R 0 B S DA it v A
F| m/z 112 [M—X+H]", BEHUH R TS A &K
figt A B B W () 1 pumol/L CMIP AR by A Xif iE
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Figure 3 Construction and confirmation of WJ2AbIsM mutant strains
W A BURE R S aadd HivEEEERN oriT 7 58 4 bisM 1355878k ZLN1; B: PCR BiiF 5875 bk ZLNI.
Note: A: Schematic representation of gene replacement of blsM with aadA & oriT cassette to produce S. lividans ZLN1; B: Confirmation of

mutant ZLN1 by PCR with primers Con-blsM.
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Figure 4 HPLC analysis of fermentation broth of Streptomyces lividans ZLN1
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Figure 7 LC-MS analysis of Streptomyces lividans CFE
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Note: A: Liquid chromatogram and extracted ion chromatogram of

Streptomyces lividans CFE; B, C: Mass spectrum of Streptomyces
lividans CFE.

2.5 FEAMJLFEK CFE A ijf 5 BaiE B9 4
KA ERT, N 10 B DAYy ik
T M N LA S AR R AR, Ao &
5 (O3 B BRI (Staphylococcus aureus) . i IERIIC
W& ¥ (Amycolatopsis mediterranei) A & 2FHIAT B
(Bacillus subtilis), TrZ5HR MK 8-10 PR,
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Figure 8 LC-MS analysis of Staphylococcus aureus CFE
. A: Staphylococcus aureus CFE ¥ i BB El K $2 T T
@i ; B, C: Staphylococcus aureus CFE #E5 1Y TS K.

Note: A: Liquid chromatogram and extracted ion chromatogram of
Staphylococcus — aureus CFE; B, C: Mass spectrum of
Staphylococcus aureus CFE.
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Figure 9 LC-MS analysis of Amycolatopsis mediterranei
CFE

. A: Amycolatopsis mediterranei CFE ¥ i i VRAH B B RIS
FHAiERE; B, C: Amycolatopsis mediterranei CFE K i (1) )i
Note: A: Liquid chromatogram and extracted ion chromatogram of

Amycolatopsis mediterranei CFE; B, C: Mass spectrum of
Amycolatopsis mediterranei CFE.
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Figure 10 LC-MS analysis of Bacillus subtilis CFE
1 : Az Bacillus subtilis CFE 6 i RO ] S B B0 i (i 5
B. C: Bacillus subtilis CFE ¥ i i BTk .

Note: A: Liquid chromatogram and extracted ion chromatogram of
Bacillus subtilis CFE; B, C: Mass spectrum of Bacillus subtilis
CFE.

g% Grochowski 25 FE e JE R AE T — > CMP /K i
il BIsM, T LIRS Jc i 20 A M e 200, ) 2 5
W T TR 406 5 1B TS R TR 2R A A 0 5 P — i
I ) 24 BH B 2 (cytosylglucuronic acid, CGA)DI]O K
28R AR A R 2R L, AR 7 A
Streptoverticillium rimofaciens ZJUS119 Hght 15
BS & igfe T BIsM [RIE A 11 MilB™, milB
RPEABRARETERZEHER, WM T
Streptoverticillium rimofaciens Vi PN 25 U W& IE 5 12

WA, SUCAHR L, FRATTE BS SR H Pk
Streptomyces lividans WI2 HEgFR blsM, 578K
Rk ret i g BS KA 3 FhigZd
Oy, (HJEF R R R WI2 TR T4 70%. X
2% W Streptomyces lividans 5 Streptoverticillium
rimofaciens F1F, HARNAFTEREZ (i 2 LA IE
JESHLZS BS A& . ASCHET LC-MS #0371
— el R A 200 L R S R ARSI T 1, R
T Streptomyces lividans KPS 25 B MEREFIAFAE, §T
15 NATTIN A 38 A 0 00 L A 9 3 s i 5 AR /D
AN o 3K~ A B B A3 43 sk A 0 ) G A
R /LINYE X E |V € EAn I FUN L LT BURL RN
FRAT ST E R T A PN Ui 2 s 5 s v 1Y 5 b
3 PR, 43 IR 4 B 60 4 A K T (Staphylococcus
aureus) . M i L JC B PR T (Amycolatopsis
mediterranei) XA 5 ZE I (Bacillus subtilis), iX
SRy 53 A U L W R v )RR TR R B
T, R AR ST D R WA P i
WE P T 0 v P DR R Pt T AR -
3.1 Streptomyces lividans 1K 85 5 0% UE B9 5K
BREERR

DRI Sk B A A PN 1 B s e O A R LA R
BB BRI Streptomyces lividans VRN 25
(P RE A PR . —JEJEMl BS A% 1 i
WERE, Sk AT CMP BY/KME; ek A THAA S
JHL W E A BT IR, LS T . AU
Jid 4 PR 8% iR (deoxycytidine monophosphate ,
dCMP) . fifiFF W2 (cytidine diphosphate, CDP),
M 48 9 17 — B R (deoxycytidine diphosphate ,
dCDP). CTP K/ Ul 1 — W (deoxycytidine
triphosphate, dCTP)%. 1 XHEYIRIEAIAN, K
fI1HEN Streptomyces lividans 7] REAF1E BIsM HY[H) T
fith,  BAAAENE T oA 35 B s e JEC A () T
3.2 Streptomyces lividans 1K 5 5 B E 776
HEX

TR HR A3 A A oA g i AR ) R I AN 257
AR S A R E S R NE A B IR 2
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TNt 285 HE— A 7K e L 5 Y PR A E P EA T 4y
fRACH, R A BT R (1 A i R U,
DR A W B 3 -N- 4R B I (trans-N-
deoxyribosylase), AT L7 37 i Ak JI 420 A% B AR
TENENS Pl AL 5 MR NE B AL 2 (M) FE B, D T FE A% R 4K
I 3k R R S i A g e U I
Streptomyces lividans &P IRZIR AT BB 5 R4
WAEYIATR, AR B B A B AL R 1
TEARZ R AN 1 B v 2 A iy g A I e, S fe I
EE— H IR K
3.3 = EGHFIKESWE P TS LER =
ERRKREX

Xt 10 FgEY CFE AR T LC-MS
R, e B B A A R . MR T DL JCRL
PR TR S A B 2 F AT AR N A A Dl B O T e, O
.4 e 00 2 K T S N D g M I S iR . R
T 3 FhAn i R AR AR A S E i, AT
REAFTE R 5K O il /K fife 32 AR Hh 25 B s 0 ) SIS
SAEI S R P E—E R EGR R

FUHT, AR DR N A AE R RE 7™ A T 9 M s I
8 Tl RT3 D S, 0 dl) 2 e E A R B B
ity , A5 0 DT R RIS 5 W e 2 ) B RS AW i 4R
B B R NIRRT s AR R R )
A=Wy R R A R I S BRI, 4R BS AR
g gt BIsMP | K8 R4 U R 7 v
¥y ArgDP | Ok 285 3 A B N P 4 fi 1 MilB!
K E ¥ B £ (bacimethrin) & B B 5% v 25 15 114
BemBUHA AR AR T 4 €0 A A BR T 4
4 FPANTER N & BT B e, n] RESK I T X
RS MR E A IS, R R T A AR LA
RRAR A5 3R, (FL i i i s I 0 70 ) ke D K% A
(£ ARG G SR S AT 4R & o X Streptomyces
lividans <5 B VR A I 25 MM e SR IR BIFE , RESE
0 A P AR R AR, SR X U AR A
PRACHI AR, X RS A Bk At vh 324K
TR R AR BE T —E RS
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