[CGRYEZ

Acta Microbiologica Sinica

2021, 61(3): 524-538
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20200284

Review

BURATEE BRI E
EF, BEEt, ke, FEX, T
KAFHE KA TARR2ERE, TR A Y E TR S, REET Tl A ¥ & 5 S0 =

KHE: 300457

WE: PO R —MEARREFRN KR, SRAN )z AT Ewa L . 29k
BB 225 9T A8 C-F S5 7 A BT BT, (EDRE UG R 1B A SIS S 2% B LE s R 23 1 i
TIERD, NP A AL IR B AR o A SO B AR S 8L KR 7= ) B AL R 2 B L SR Ak K
SRS GE B L SR KR L B0 S TR A AR S A B0 G R SRR SR AL

F NS D7 R EA T 2504, A BT LR A I LE 00 T2 5 B 27, ik s Ae ) A ik &

b A ERE

KA WAKRY, BADGGEE, B, AV

WOUR(F, JURAWIERS 9), 1k BRrg
TCER P RIRAEAE LUABHRAL 56 24 467, fEdb e Y
JRAE K ZICK(F. Cl, Br, I, At, Ts)fF KRIRLEAE
FUAEHEAS fe iy, SR LA RV M RS 7 (F O AR AETE
KHBAWA . PFFERY, R LA KR
B T (CH& RN 19000 mg/L, P E T(Br)
iR 70 me/L, {H = BE B R AU S R
1.3 mg/L", 5i4b, SOCRTEAKE I R 2 s 57
AR T 3 S5O AR i P RO RRAIG 5 At p 224
P, ARAMEZE pd R ok AL i S Ak T AR s B
ENA Y . XA 2N T RocE L

YA R 52 B ORR W, A S AE o i A
JiE AR AR B RS TR 1 AL AT DL AR LA
A, FHFHEIEMTTE AR B
EHA 2 ER, BRETIIARAIL T2 3
MR B, oA LAY Al LA™ 2 )
AT DAY | 299A R AP 2
JEHAEPR 2G0T, HOLR AT ABE R 3 ik
BB BOF SR YR TR . IRgeit, it
Gt ERBHAZYIT, 29 30%0 2 ah A SO
=, PG EIRS . BUHE A TS | 22 R |
WD A0, BARIEA LS TPl

EEUE: ERARPIFIES(21672161); KHTHARAH AR ZE 51235 H(18PTSYJIC00140); KA T HZ R TI5 H (2019KJ239)

LRSI

“BIEEE . Tel: +86-22-60602298; E-mail: malong@tust.edu.cn

WS HER: 2020-05-04; {EEIHAA: 2020-05-28; M4 ARHER: 2020-07-31



PSS | SUED SR, 2021, 61(3)

525

AFOLRE &GI8 TR AR e, Hilad
B AL B 07 AR S 5 AR T MR AR 25 1A
ME, AFLESINLACIFRIZL, BEAERAD ARG A 20T,
AL, Ak T OB A RSk
FEPERE IR IR, AERAL KR W ) A
FE P B A A OR M B A AE

FHATR 2 Z AT 0T 5 2 e T ik &
W TRV S U E Y
FFB, RN T, R C-F Sttt
FIAE m MEIEAE &P, T R A AN [H]
SERANTE B AW o 1, R LN 2 45 A4
Sl UGN, A A Pk e R S R A
IR HL BRI S TRE, A SO AL R AR ™
Y& AN R 7 TR T 20, B B T AL AR
Pl 9 R, el S AL KR = W e B 5 LY
Wr5E.

1 AARK T YRR A H i &

KR A s AL S W F ek, B
T IEHT 25 FIAAE D DR AP ™ b IR R FIOT b A 42
TAHEREMEN . Sageit B Bar ik, $oe ot
Y5 IR AR E i 130000 AT, JLrp s
L 5000 R KBURE LYY, BALE 6 F K
RFALA DY B R B 1), 1943 4, Marais
% NTE Dichapetalum cymosum (8 R T FHEY),
D. cymosum) PRI T HALER, X2 ARAFEIK
RIFMTRIR =, Z R LR R L, R
NANXBEE R T AT . o-FIMER . (2R,3R)-
WACATEIR NI TR IR 4 PR R IR W)
EAEENE, RIRBYE Sreptomyces sp.
MA37(MA37 #5853t &I T —Fhogi B SR AL K98
FEYI—(2R3545)-5-3-2,3,4- = F2 KL R (5-FHPA),

HECAIE, AP0 E M E A Ak
MY . Atk BOCRMGIA FEAER
oo ERL. A EE ST SEALRGR R O R i
1 A B A S 7 v A 7110 T A v
VAT D SR HEAR TR, T I B A= Ak B
AR T R FEIEHENE | 2RI AT SRS R T
Wfisk, i H - Sk, AERATE IR T
PERNFR AR T BAT MR A R 3T A i
PLIR A B FLACER M, (HJ2 A SR B Y S AL T
HEFDL, 2002 AR — A K ARAFAE 14 901k I 12
Streptomyces cattleya (RFFFIEEEEE, S. cattleya)
PR L, ERESHELICHL F A S-IRT-L-F A2
MR(SAM)K A S\ 2 AEMIZRR L, AR 5 FR AU
FURTE(5-FDAYH L-HHR AR (B 2)" 0,

ZJa T JUERBTEI B, S. cattleya K5 W) AL
fil— BEME— A A RUL . K, 782014 453
2016 AF[a), Fefi7iE ok 5L N2 8 T B, B2
Streptomyces xinghaiensis ( & W %% % W , S.
xinghaiensis) . Streptomyces sp. MA37. Norcardia
brasiliensis (% V4% K & , N. brasiliensis) Fl
Actinoplanes sp. N902-109 (N902-109 Jiltk i#1 )55 %
AP, BENT 4 MAFBGETERALEE, B
TRAEYA AR RN R R SR
KA MMM REIL, HEP&KIE, RET
Actinopolyspora mzabensis (W& Eh & W, A
mzabensis)i 2 6 M ALEEA B B E R,
[ER/ S N R 2SRRI e T = W R
P, SXdU R H R IR, AR AU 1
6 NIRALHEE, SRS T EOR DL AR
AR, Rk Aok 1 AL B R B
THRALKR IR 5

http://journals.im.ac.cn/actamicrocn



526 Siyu Ren et al. | Acta Microbiologica Sinica, 2021, 61(3)

©
0 Derived from

F Dichapetalum cymosum

Fluoroacetate

7

0]

NH,
N A
£ </ fN Derived from
N \S\\/O \TEOfN N//' > Streptomyces calvus
HO Bn

Nucleocidin O  Derived from

W ] —_— Dichapelalum toxicar
F O

o-fluorooleicacid

Derived from
> Theasinensis

Derived from

> Streptomyces cattleya

Derived from

Salinispora tropica

Fluorosalinosporamide

OH OH .
Derived from
F Streptomyces sp. MA37
COOH

OH
(2R,3S5.4S)-5-fluoro-2,3,4-trihydroxypentanoicacid

1. EFNSELRAY

Figure 1. The fluorinated natural products that have been identified.

2 EARAFEMWNAREE S. cattleya RN AFAE— S AL AT B, 31X A% %
AT AR TEHL RS 76 A ML R AR =42

T T SR R AR W) A B A TR 9T Y S 253 HAER)B% 1, David O’Hagan #0482 M H# A

[ a2 David O’Hagan #(#%2, If BN S, cattleya H—BiA 2y 10 kb fYFEH

F 2002 4F7E Nature Zeii kR LHE, RiETIE B(E 3), XEIERBRE S, cattleya TRAL KR ™

actamicro@im.ac.cn



PSS | SUED SR, 2021, 61(3)

527

Y& pGE g (E 4 UM, ATt mAb R =)
a5 w7, s 2, TR E T
S. cattleya PRINZH 5 25 BEPI I BREL RN,

+H»

o ¢S
w

OH OH
SAM

Fluorinase
Fluoride (F~)

L-methionine

2 WU FE Y R AE Z@?(ﬂuoroacetate)%ﬂﬁé{i%’f
AL TR R (4-fluorothreonine)™® T P AE [ A
MEEFRIE A KE, ARE ﬁﬁ?ﬁ"]ﬁ}ﬁ%, o

NH,

N B
ay
NP

F

5'-FDA

2. 8. cattleya KiFEBALE N FH) SAM % 5'-FDA R

Figure 2.
5'-fluorodeoxy adenosine (5'-FDA).

The fluorinase enzyme from S. cattleya mediates the conversion of S-adenosyl-L-methionine (SAM) to

fIE fID AC fIB A4 AF fIG fIH

i K L

AT g i . s >

E DNA binding regulatory protein
D Dehalogenase/phosphatase

C MFS permease

B Purine nucleotide phosphorylase
A Fluorinase

E DNA binding regulatory protein
G DNA binding regulatory protein

H Na'/H* antiporter

I Homocysteine lyase

J DNA binding protein

K Thioesterase/acyltransferase

L DNA binding regulatory protein

3. 8. cattleya PR E N A BB EE R

Figure 3.

B FOKEESRREER 2R, S cattleya 721
MRV AR S B a2 IRm A AN
COFHEH EILYI T BRSSPI AU
¥, Gid—BiIE)(~10 d)E SR, X PR AR
PP RAL SRR T 95 2R T LU i Sk NMR
(nuclear magnetic resonance, 'F-NMR)#EA 3] (&
5)o TGN IR AT LA RS AL O AL S el A

Gene cluster for biosynthesis of fluorinated natural products in S. cattleya.

(fluoroacetyl-CoA), H:AF K #7112 & hV [ (citrate
synthase) FJICH), AE A T AR TG ] Ao 41 i It
53k i@ i (aconitase) 1% P T BHIKT TCA 9E35, i HE
AN, JEE SR Jonathan Spencer 11
TR fik SEF(E 3, SEhRic) it e g
(thioesterase), M AT fE1L AL £ IHEAHTG A BI7KA%
Mg oAb 2 BR 1 BE VR 1T 354 B g

http://journals.im.ac.cn/actamicrocn



528 Siyu Ren et al. | Acta Microbiologica Sinica, 2021, 61(3)

NI

. Fe
5= Me . Purmenucleomde F 0 o
Fluorinase hosphorvl #
phosphorylase O/|;Oe
(0)
OH

OH OH OH OH OH

5-FDA 5'-FDRP
Isomerase

OH O
€]
O
r°NH
3 . Transaldolase (PLP) O F o)
4-Fluoro-L-threonine +L-threonine Aldolase OH I
/ ! O/}I)\OG

O] dehydrogenase F OH 0O o°
Hkoe (NAD+) Fluoroaldehyde
v 5’-FDRulP
Fluoroacetate

Acetyl-CoAsynthetase
oracetatekinase/

Thioesterase
Phosphotransacetylase

(0]
F\)k Citratesynthase  -oQC \>\/ COO- Aconitase @

SCoA —— inhibition

F
Fluoroacetyl-CoA (2R,3R)-2-Fluorocitrate

& 4. S. cattleya PENKRARFHIHIENE RIBER

Figure 4. Biosynthetic pathway of fluorinated natural products in S. cattleya.

“ana

OH O

S]
A '

I ®NH,

4-Fluorothreonine,
antibacterial

0 .
HL O
F
Fluoroacetate, toxic o0 %0

E 5. 8. cattleya WIEFRBE LA R EE

Figure 5. S. cattleya was cultivated and its fluorinated metabolite was identified.

actamicro@im.ac.cn



PSS | SUED SR, 2021, 61(3)

529

TEIX ZR ALK IR W6 U s v, — 7 7Y
ot G 2Bl S, X LR RE S A TL UL IR
RN A PR R, I5H#EL 5'-FDRP
(5-fluoro-5-deoxy-D-ribose-1-phosphate) & Ji{
5'-FDRulP (5-fluoro-5-deoxy-D-ribulose-1-phosphate)
) S AL T AR L SUTE £ B (fluoroaldehyde)IE B AL
iR B4 T 45 T (transaldolase) LA K2 A AL SR AL 2
TETE R AL L BRI N (i (aldehyde dehydrogenase).
Horp, AL (fluorinase) 21X A% AL K AR M) 5 Al
AL S — D RO g, fiEfL Sn2 SRAZIUR
FORi, P TENLEE TSI A BN,
MITAE L&A C-F A ML, 28l T TEHLAR
B A PR AR B s, BRI JEHL SR
S- It 3 F % 24 1% (S-adenosyl-L-methionine, SAM)
PR R SR, LA ICHLRS - R S
FIPEI SAM B i 5'-C, [R5 SAM L)
Hf 2 R AR A, AR 7 W 5 OB AR T
(5'-fluorodeoxyadenosine, 5-FDA)?", [F]kE4 A%
Y2, David O’Hagan 4% 1E 2004 4E & 1 it
A EE T IR IKOT 0 AL B AR S5 40 I &
FZ Nature 2475 .

TE 2014 4E 207, HA S, cattleya "R AL
FOFEAL A B GE , AR — E B0 T
AV REMA RGNS, Z 5 AEAR MmN
(1 - 3 FELHT 43 s ok i — MR FE T Streptomyces
sp. MA37, &JERAM T A P15 B 2E 0 L) =
WUEH IR, 2ot AR S%, & DU Al 4l g BE
g 7= Z R AR AN FAL KR, B A=
AR B A 2 454, dL R B Y P RE 1Y
BAL G BARHRRR . i e R a5 AT Y

AL TR, XA 30 40 & BLAY B AR AL R
R IFRILT — SR M RUE M AL & GE
Bl

AN, Streptomyces calvus GRARBEFE®, S.
calvus)J& 75— A7 HE R IR AL P B bk, 9
EAIE N S, calvus 77 Az B —Fh ELAT BB TE MY
HALKIR ). B S, cattleya FALARB TR
[, & S. calvus &IELHAME L CLpfT, H
W A & AT AL JE R, BELHERT S, calvus
A RELA—FIA ] F LA UL G C-F 4,
WIHRTAT S, calvus 1P RT REAATE BT AL UL
FUB AL AL A E B0, X S, calvus 1R
WA, BR TR SR . AR
PR AN SRUNCTR = Ak = o, 34 ) 0 0 5
PR RLAY 47-90-3"- 48 A B SR ) (F-Mets 1
ALY, X RN B AE A% 1 G AT KRR
WE 2 ST I A U B WHIN O% , B F-Met I
F-Met 11 & KR Py 15 i s A (& 6), 78
S. calvus B R 20 Hh 437 31 UDP- 45 W 4R 71 %6
WEFE R WL [N (nuc GT) R AEEE [ (nuc GS) , it
—IE T nucGS F nucGT 1EFALZEHLEW A
HEVEF 8 nucGT F nucGS X B4 JE R REBR
FALTPIRERI O, XIE T 2 ANERY S TR
R RN L /R T A ) N BUN I (VA ¥ T fal )
J5 ik, B S M AR 2 @ [2H'-(1R,2R) I
[2H']-(1S,2R) H il 4B A F S. calvus AL A
W, RS, calvus PR FEARZ AR A G R
Je i 1L BRI SRR AR YL 28U SR A AT A
RARMTE Streptomyces asterosporus (EREE T ,
S. asterosporus )& P TIESER)

http://journals.im.ac.cn/actamicrocn



530

Siyu Ren et al. | Acta Microbiologica Sinica, 2021, 61(3)

NH,
N AN
N
< I
RO NN
O
OH OH
R=H or -OS(0),NH,
NucGT UDP-Glu </
RO

RO NN .7 -7 Gu

O OH

R=Hor-OS(0),NH,

NH,
N X
7 N
0 <NfN/)

H,N —ﬁ—O
0
F
NH, F-Met | OH OH

| Xy REH Nucleocidin NH,
/) N AN
N NucGS </ | N
A

HO N™ N

F-Met | — 0
R=—0S(0),NH, F
OH OH

j_F NH,

N N

N

e

HO N™ N
0
OH OH
Adenosine

6. S.calvus PERZEFNEERK

Figure 6.

3 AMKEKT 48 BALE B & X

TG BAYF, Bl 4w s 5
(A T % A A SR B, DA e R Ay A 0 i T
JTPH X AR S| T MOk 2 N8O T
U AL RIR I & O B . 2013 4RI, R
Michelle C. Y. Chang Z 4% % H: 4 BAE Science 4%k
RARICE, RIE TR F B BAL KR WG G
PRGN F L AT LK AL QR AE R S B A
X — 2 SOWAE Ry — A SRR S oA i
BEPEAT IR, BERRME M R T A B R AR
Yo, BIANSREAZE . KRR TIEE . MBS Y
FAEYIIRAED, I Bk Fhetg i r s 2 os Yy

actamicro@im.ac.cn

Biosynthesis of fluorinated nucleoside in S. calvus.
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Abstract: Fluorine is a kind of halogen with special properties. Fluorine-containing organic substances can be
widely used in bioorganic chemistry, medicinal chemistry, biomaterial science and other fields. Despite
innovation of synthetic C-F bond forming methods, selective fluorination is still very challenging. Therefore, it is
necessary to use fluorine biochemical methods to selectively introduce fluorine into molecules with diverse
structures, but few methods can incorporate fluorine into bioactive molecules with complex structures. Therefore,
we review here the discovery of fluorinated natural products and fluorinases in nature, the synthetic pathway of
fluorinated natural products, the significance of fluorinated natural product synthesis mechanism, the evolution
of fluorinases and the synthesis of fluoride, and the application of fluorinases and fluoride. This review will
provide information for fluoride biosynthesis and promote the industrialization process of fluoride biosynthesis.
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