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Figure 1 Chemical structures of polyene macrolide antibiotics and their modified derivatives in polyene region and exocyclic carboxyl group
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Table 1 Strategies for structural modifications and bioactivities of polyene macrolide antibiotics
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Figure 2 Chemical structures in polyol region of polyene macrolide derivatives
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Figure 4 Chemical structures of polyene macrolide derivatives modified in sugar moieties
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PR 2 A0 FFR-0081M ik A R 5 MR 48 (1 BIF 58 4
AFR, DT H 8 R AR 2 e S M R A ML T 0 R
ARG, TEHEMRS. natalensisth, Ve SR AW G K
WA 18 AR 0 S M I R 5 3R R pim R K pimM M i
HECPEYE . PimR AT LLES & pimMIW) G s T X3k, IF94
TG pimMAHE £ JE K pimM P2 ) PimM 1 42 581
VC SR 2= AW A B H B E 3 F XA 5, ERE
VU o5 A 7= AR P 6 BEF Aparicio B4 7Y &
W, FEICESER. MHER. FRERRNARER
B 7= A B o TR FE DK pimM, 40T LR 1 A N 22 0
KIWEEPLAE R =5, KA Z2HRKIANESILAE R
(IR AR S M 4R BT — 2 A AR 5 3 1k

WK 2 28 K R A "IYE B AR S, charttanoo-
gensisT % E T VT By RE 2 1 05 A — X i 12 ¢ S PR IE
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YedE I senRIBesenRIL. 88K 250, st
K scnRI'5 scnRILSY 51| J2& H IH pimR 55 pimM 1y [ 5 5
H. 5PimMZS{Ll, ScnRITFING & 7H PASLE & 45 F43,
Cuify % A LuxRFE EHTHES F 5] 7ES. chattanoogensis
rhod IR E R E R R senRIT, 7] LIHDC S5 K - R
17 3.3~4.64%, {EF 40 A K K a3 Ak A B 5
I 718 senRITEA A /2 DT 5 %5 28 AR W05 A IR A2 e S 4
PEE B PA . bt T AR 2 e 0 A R A 4 ) A

R2 EHRANERER-ERERBRE~EY

OB IC B K A S, Iydicus AOHYEE T IF
Va4 FE K pimM 5 senRITY) 5 — [ JE5E K stndM2. A7)
FIHFEH sinM20 KRR sh T . 8 RYUERLR A o)
FPermE* ). — &M A0 ol 143 i 22 38 1F )8 48 B
sinM2, 0] LI DC D85 2R 1) 7= o B4 5 1.9, 2.4 5.3.0
fis. ISR SRR 0 R AR = A W R A N 4%
W SR Y —ER 4, A 2R AR R S 1 R 4 L R
SR B R B NA SO k2 —(32).

Table 2  Strategies for production improvement and yields of polyene macrolide antibiotics

B PR TR s S =R Zhh KIS ER YA R %2 3k
TR AR S R 4 B R s
amphRIVid ik (PermE*) S. nodosus Ptk & =B P 1 A% [65]
pimM it ik (NP) S. natalensis &R P 1 2.445% [71]
pimMid 3K (PermE*) S. nodosus Wit ZB $#E60% [74]
pimM i ik (PermE*) S. avermitilis FHREEE P 145 [74]
pimMid 335 (PermE*) S. rimosus AW HR $215524% [74]
senRIGEF 3K (NP) S. chattanoogensis I P a.6fis [12]
slnM 233 F 7k (NP) S. lydicus ILH&HER P 1.96% [75]
sinM233 3 35 (PermE*) S. lydicus USRS P 2.44% [75]
sInM23:L 32 35 (NP+PermE*) S. lydicus IREYS 3 3.0 [75]
220 s e DR e
phoPE,phoR-phoPFEH 5 S. natalensis VUL RE % #HE80% [76]
whlA it 35K (PermE*) S. chattanoogensis INET S 3 R30% [77]
WhiG i3 # ik (PermE*) S. chattanoogensis VCoh R % $EH26% [78]
HE AR R (755 38 I i
sngAid ik (NP) S. natalensis VLI R % BE1.765 [79]
sngRILPH B S. natalensis USRS 4605 [80]
R INPIF (300 nmol/L) S. natalensis INE S #E33% [81]
% ANH 3 (100 mmol/L) S. natalensis ILHEHER P w2565 [82]
7 hnH M (100 mmol/L) S. noursei (EAES $E1H90% [82]
% hnH M (100 mmol/L) S. griseus RRWE PR 2. 74% [82]
TR B R TR I S. natalensis USRS PR3 [83]
pimEit 31K (PermE*) S. natalensis VG Ih 75 % P T72% [84]
AR LS5 P A T oAby 3
VI EL(0.2%) S. natalensis NG =4 3 1E1T% [85]
IR 5HRR(T:1, 2g/L) S. natalensis RT3 FE2.51% [86]
ttmRIVHE R S. ahygroscopicus TR &R P 1165 [87]
trmS1HE P R S. ahygroscopicus TR E P15 1065 [88]
schPPTid 33K (PermE*) S. chattanoogensis =Yg FEE40% [89]
vgbit Rk (PermE*) S. gilvosporeus ILH&HER P 1.84% [90]

a) NPy KARJE 811, PermE* g 21 5 ZHite 3L K E 85 1
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2w i 2R R R AT TR S ek, e
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talensisi® 33 PhoR-PhoP X T £ 47 J8& N 34 5% v %) TC AL
BERREL, I IC SR M AEY A . 10 mmol/LTG
BLWE R £ BV AT 58 4 30 1 DT 25 35 R A 4 e I K 34
7 S M TE 8 5 K pimR (0 I S L B Bk ok R A
phoP Y WUk 5 B [N phoR-phoP ¥4 ] LA IC I 5 2 A
7 a4 R 80%, I [) s A ALK TR ke o) T e 5 10 ) 1) it
E‘ZEWG].

25 K SRR A OIS B AR S, chattanoogensis H
i) VG 5 35 25 7= i () 2 e P S AT T R
5w, |, TES. chattanoogensis 1 75 [ 2 T
AraC/XylS K 1 22 5V i 5 3 X adpA . 35 H adpA.,
(R B R AN 2 3 B A TR 22 i S TR B b, RS
W C R R L a R AN ek, Hi, R
adpA ., &= Ve B 75 R A Y6 B0 I R B N R R SR
PCR(RT-PCR) & DNA #¢ it iT #% 52 56 (EMSA) 43 T %
W, Adp A AN AT LA JE] 42 8 #5 UC 5 75 iR A2 4% Sk E
P FE N senRIF) % 55, 8 AT LA B2 15 P8 35 2 20k
P FE R whlA ., 155 U7 2340 P VR ¥R 55 I wblA 1 )
B X EEAT Adp Ao, IR 5 25 6 07 5. WDIA 4K T
3 3o 1F 98 45 H A whi(WhIB-like) Ji PR B 26 14 52 1 T Mk
B, JFIEREICSEZNAEY &, RO
Z PR NS 31 T PermE* 1t 2% 3k 22 %001 9 452 3 4]
WhIA 4, T LUK VT I 55 R A 7= 2 7w 30% 7). ik,
2K R R TSR AES. chattanoogensis R TLRER) T
14! SigmalK 1 4 65 3 K whiG.,,, FeIRIRE Ry 2535000
B WhiG,, 8 i B4 5V D8 R AW A i
scnC5senDW R 8 F X454, EREILSEEN
YA L. FEFEWhiG 8 0] LU IC B8 27 i | R
2130%, Ff-il1d iE 5% 41 A= K il DT R 3 A
[BIFEIR 24 /N, 3 e ak FE Rl whi G, U o] DL DT B 5 28
(77 4 5 2026 %™

2.3 BEACERPAE 5l S S )™
FE AR SR N 2 — o Gl A Wy 18] 9 e TRBIL AR, 2000
WA B AME S o T (W RR D A5 5 ) O Al 20 i

SR, I 3 A T B AR R I A R AR AR e
TETRR B, 4 M A T8 28 434k SR AR 7= 4 1 A=
Y& i34 2 BN S py a4 R, FRATAT L
T S SR 7 A TR O TR A RN R Sl B, SR L 2
I IR N R A 3R 8 1 7

V- T AR (2,3-BUBAR-y- T iR, GBL)Z BE % 14
e WL AR T, BARIEARTE—E FiX, GBLL
BN R AR P ¥ —Fh. GBLEZIAE B 5
R BL R 3 7 XA G, JRBEAG X — R P 1Y 5% 5%
1A R 755 T 5 GBLAZ R B H I 45 A RE S {2
5 HARDNAME 2, #1115 2 B w2 B 5% 5.
GBLZ I 2 1 )& T TetR il 2 6 5% sk i s R 7). 7
VC L5 R P WS, natalensis'h, FH sng A% 5 1A
SngAZ 5 GBLA W & M7, F A sngR W 71 57 4 i1
GBLZ A 8 111, i T IR FE K sngA ] LLf# JC T 5 K
[ 77 e B2 i 17, T 0 S e DR sng RTT LLKE G 1 5
=Lt HERT6 h, = RiE 4665, UL
A, HeH sng ARy L ik vl DLV 55 B AR = L RE 1, A
sngRW B ] LLHESH pa AR P= fU e F1, BRIk, J&HsngA
SsngRYJh 23N FEFEN . FES. chattanoogensisH,
F W scgA g scgX 49 8 1 2L [W] 2 5 GBLAE W A AL,
F A scgR B FH 8] P53 K sprA W £ 3¢ 2 15 GBL3Z 7R 2
F. ScgR5 SprAy v A %E 4 i K scgA R a8 1 IX.
Tl A LS 5, SprAih Bl Ll EH 34 FE K sc g R s
. FEHAscgA, scgXalsprARYHRR S 1E A B A
Sy AL B A O R AR IE B85 3R 7 i, Rk, B scgA,
scgX MesprA¥s) UG By 55 28 AR W) G Y 22 RvE e T 45
B, e FRR A T Re i — PR S IC S R
()7 4t

VCEL B R P-4 S. natalensis P b A7 76— 25 Al
75 I (2,3- 2 5 -2, 3- (G 3 - 1,4- T e,
MFKPIE ), #4MR NPT vl LA UG I 55 2 (14 7=
B E33% 224 Y. S, natalensisth 4 I PLA F H &
FEPR AN HFEE A PimTHE S 40 M, JL4hPIRK -3 i 55 40
JRLAE I 1) 52 1A 2 P 45 5 A DE S 85 2 0 AR 5 ™.
FRPINF-4b, #AMRINTH M. £ 2B . N B
R T AR HU) IR B R 6% B 5 DT 15 25 R e H At 243 KA
WIR ST A= 7= 5 2 AR i 100 mmol/LH ¥,
LA IR R . RS R /BUAE RFR-008 K IL 7
ZI R 90%, 2.71% K 2.51%; AN &
W P. chrysogenum AS 3.51631%) /& FEHE By W n] D)4l
VT H 5 3 0 m A e ~ 3, JTRE IS BRI AR TR Y A=
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2 RIANERPUE R &, BRI W5 it £ Wi
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Polyene macrolide antibiotics, which selectively bind ergosterols in fungal membranes, are important antifungal
agents for the treatment of both superficial and invasive fungal infections. But severe side effects, such as ne-
phrotoxicity, are caused by their binding to cholesterol in mammalian membranes and undermine their therapeutic
values. Nevertheless, because of their excellent fungicidal efficacy, broad spectrum of activities and minimal re-
sistance development, polyene macrolide antibiotics continue to command interest. Therefore, the pharmacological
and yield improvement of polyene macrolide antibiotics becomes urgent. In past few decades, much attention was
paid on the genetic and chemical modifications of polyene macrolides, and a variety of genetic engineering strate-
gies were applied to improve the yield of polyene macrolides.

Based on the literature, we summarized the structural modifications of polyene macrolides in polyene region,
polyol region, exocyclic carboxyl group and sugar moiety. The heptaene nystatin analog S44HP shows considerably
higher antifungal activity than that of nystatin and equal to that of amphotericin B. While the exocyclic carboxyl
modifications of polyene macrolides usually led to comparable or slightly improved antifungal activity and signifi-
cantly reduced hemolytic toxicity, most of alterations in polyol region resulted in decreased antifungal activity and
hemolytic toxicity. Furthermore, the polyene macrolides harboring a di—sugar moiety exhibited reduced hemolytic
toxicity and improved water solubility, and the modifications in C3’ amino group or C2' hydroxyl group considera-
bly improved the pharmacological properties. Moreover, the action mechanisms and structure—activity relationship
of polyene macrolide antibiotics were elucidated, according to the data of structural modifications. It indicated that
the modifications in exocyclic carboxyl group, C3’ amino group or C2' hydroxyl group disrupt the intramolecular
polar interactions and thus favor a shift to an alternate conformer that selectively binds ergosterol rather than cho-
lesterol.

In addition, the strategies for yield improvement of polyene macrolide antibiotics were summarized, including
the engineering of pathway-specific and pleiotropic regulatory genes, engineering of quorum—sensing communica-
tion, and optimization of precursor supply. Although transcriptional regulation has been investigated for amphoter-
icin, nystatin and candicidin/FR—008 biosynthesis, most detailed genetic engineering strategies for yield improve-
ment were only carried out on pimaricin. The yield of pimaricin was improved via the overexpression of pathway-
specific or pleiotropic positive regulatory genes and GBL biosynthetic genes, the disruption of pathway-specific or
pleiotropic negative regulatory genes and GBL receptor encoding genes, and the addition of inducing compounds or
small molecular precursors.

Finally, we pointed out the challenges and problems in the structural modifications and yield improvement of polyene
macrolide antibiotics, such as the possibility to obtain more modified polene analogs with exocyclic carboxyl or C3’
amino group via genetic engineering, combinational strategies for further yield improvement of polyene macrolides, and
SO on.

polyene macrolide antibiotics, structural modifications, yield improvement, genetic engineering
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