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- Review -

Pyrrolnitrin, pyrrolomycin, and pyoluteorin are functional halogenated phenylpyrrole derivatives
(HPDs) derived from microorganisms with diverse antimicrobial activities. Pyrrolnitrin is a secondary
metabolite produced from L-tryptophan through four-step reactions in Pseudomonas fluorescens,
Burkholderia cepacia, Serratia plymuthica, etc. It is currently used for the treatment of superficial
dermatophytic fungal infections, has high antagonistic activities against soil-borne and foliar fungal
infections, and has many industrial applications. Since pyrrolnitrin is easily decomposed by light,
it is difficult to widely use it outdoors. As an alternative, fludioxonil, a synthetically produced non-sys-
temic surface fungicide that is structurally similar and has excellent light stability, has been commercial-
ized for seed and foliar treatment of plants. However, due to its high toxicity to aquatic organisms
and adverse effects in human cell lines, many countries have established maximum residue levels
and strictly control its levels. Pyrrolomycin and pyoluteorin, which have antibiotic/antibiofilm activity
against Gram-positive bacteria and high anti-oomycete activity against the plant pathogen Pythium
ultimum, respectively, were isolated and identified from microorganisms. This review summarizes the
biosynthesis and production of natural pyrrolnitrin derived from bacteria and the characteristics of
synthetic fludioxonil and other natural phenylpyrrole derivatives among the HPDs. We expect that
a plethora of highly effective, novel HPDs that are safe for humans and environments will be developed
through the generation of an HPD library by microbial biosynthesis and chemical synthesis.
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P. bromoutilisS} Alteromonas luteoviolaceus 2 2] pentab-
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Table 1. Characteristics of halogenated phenylpyrrole derivatives
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Fig. 1. Chemical structure of natural halogenated phenylpyrrole derivatives.
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12Al= -E® E O] tryptophan 7-halogenase (PrnA, RebH)
g Aol 23} 7-chloro-L-tryptophan (7-Cl-Trp) 2.2 %
FHE= RSO R, 1249 0, CI'9F 2842 FADH,E &
T3Ho}H9]. 224 = monodechloroaminopyrronitrin (MDAP)
synthase (PrnB) EAZ ol 93] 7-Cl-Trp2] <1 =(indole)
o] LT ER A= 284 34 & A3 MDAP
2 M= 9h&-o]th36]. 35HAIE MDAPZF MDAP halo-
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o2 AHEEE ¥ o2, 1849 0, CI, FADH,E 717}
873t} HF9Al= APRN©| APRN oxygenase (PrnD)
aaFujo] o3 PRNo| AFAHEE ¥R, 17449
0%} FADH,& 722t 273t} 1, 3, 42419 Wh8-& &5
HO% FADH,E ZEAT Q7stH, 747be] mas
FADH,E & &3 flavin reductase 2} two-component hal-
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(flavin reductase)®] /3l T3k ATl 25+4H, FADH,=
FihE Sl RebHE A H = =50 427F A 712
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Fig. 2. Pyrrolnitrin biosynthetic pathway from L-tryptophan. 1, PmA (tryptophan 7-halogenase); 2, PrnB (monodechloroaminopyrr-
olnitrin synthase); 3, PrnC (monodechloroaminopyrrolnitrin halogenase); 4, PrnD (aminopyrrolnitrin oxygenase).
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2 BRI E Y57
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u| gl o I EYEY A

PRN-> AAA oA ok ¥, £3] (thizospheric) M|
A Eo A ol B HA=H, EH OS2 P pyrrocinia,
P. fluorescens, P. chlororaphis, P. aureofaciens, B. cepacia,
Corallococcus exiguus, Cystobacter ferrugineus, Enterobacter
agglomerans, M. fulvus, S. marcescens, S. plymuthica, A. vi-
taminophilum 5-°) JTHS, 29, 36, 45]. A1 =&} BHF 1Ay
ENA A7 =4 E(autoinducer signal)Z Z}-E-3}= N-
acylhomoserine lactones "7l 23+ HF A E Tl
PRN2| Aito] =-HE ZAo 7 B H36]. viX =
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EHE tacS 2 WASFS P. fluorescens BLI15 =4 gk
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Fig. 3. Chemical structure of synthetic fenpiclonil and fludiox-
onol.

sty Ad4tkae] HAS A, nitrosogluta-
thione (GSNO) reductaseS #3159 GSNO2| %3S f =
S} AL, triosephosphate isomeraseS A1 3l 3¢9 methylglyox-
a19] e F58 ¢ Jde= Aoz dHHTH3E, 21]. =3
EZEL 1% I hybrid histidine kinase2] A]2~H|<l
(cystelne) Z71E& 4+l (oxidation), glycation, T=+= nitro-
sationA] 7] ™, ©] &4 kinase &4 ©] phosphatase &4 2.
2 Z%= o] high osmolarity glycerol (HOG) A4 2 &
AA BRskE frEste 2o ® FIH Ik HOG A &=
Ad77F A2l AT 344 7 AR ~EH
i% JAASFAL A Lo A S FASH=H BAHE= 2
2, ZFUSALE Aol o8 HFHo=E o 7§§~/]

*J/\l 435 =3t FAVF WAL AFFIT
FT ASE AAAY20].

1990t Aol =UH o]F FFH A g U
A8 7= Q1 H”

W= W -7 Alternaria brassicicola, B. cinerea, S. scle-
rotiorum, S. homoeocarpa, Stemphylium solani &3 &<
field strainE°] £ = ATH2, 10, 17, 38, 53]. A7t AH&
ol wet EFHSAE IfrEe] & IHE, BEY, %
=, 4, A, ATl EHE, 2R/, EWE, AR
2} Al (zebrafish) 5 TN EN & 545 o3t
A7 REQAoH11, 28]. AZF 59 A ZFol|A 3
NrERA FAS zhe AL Wi adEdE &
3= ASR AAAM[35, 47], T8 (Rhinella arena-
rum)°ll A 78S R ¢ de AR IAHASG
[46] webA, AF 2 &4 A e 1] 74

F A g AE, e B ALoA SFUS

ol g Ho) 27 IAAE 2o, s2vtetel
/“] = dY HdH 3-8 (acceptible daily intake, ADI) 0.4
mg/kg bw/day .2 G| A Jor, IAFHE 7|EFL 82
Mol 21FNA 0.02-40 mgkg FF=OZ st ATH16].

7|t oA gz A3 Hil'é'l'Ll%?rEﬂl

HENE 725 Ze SdE 2 I FEAEC g A
TEo] ®ol Y glom T A2 B, A vitami-
nophilum 212 pyrrolomycins, Streptomyces sp. -2 2]
dioxapyrrolomycin¥} neopyrrolomycin, P. aeruginosa®} P.
Sfluorescens & 2] pyoluteorin, P. bromoutilis®} A. luteovio-
laceus 2 2] pentabromopseudilin, L8] 3. Actinoplanes sp.
212l pentachloropseudilin 5°] JATH7, 33, 50](Fig. 1,
Fig. 4). ©]°| PRN ©]9]2] HPD %Al pyrrolomycin} pyo-
luteorin®] thall Al o= Argsiaiz 3ot

Pyrrolomycins

Pyrrolomycins (PM)< 172 (benzyl)¥ 3] E(pyrrole) %
Z1Akololl 7FRE A A (carbonyl linker)E 713 &= 73}
B Z(Fig. 1), A PM2 PM-A, -B, -C, -D, -E, F3, -G,
-H, -1, -], dioxapyrrolomycin 5°] 2] I th(Fig. 4) [4,
49]. =2 WA (S, vitaminophilus, Streptomyces sp. UC
11065, S. fumanus)3} Actinosporangium sp.°| A A 4F=] ‘ﬂ
g, S e A FHIBEL A, X

o, TEA, &5, A5, AW er] g4 xdste F
ﬁ?ﬂ A dd s Zk=th4] 1A 2 &4 PME o
o] YA a1 A ol T3 sk A &
Bt =W, PM F7ol wet 1 T A 243
ztom, 53] PM-D9} PM-F9| 73
Bacillus anthracis®l T3l ol - l_—i‘x_ FAAA &4 YER
TH42, 43]. - X =T A & (anti-staphylococcal
biofilm)&4 & H71s+ A3, A PM-F39} &4 PM-20a
VA S5 AR BHS Kol AcE B7HSY
T;}[4 37] M2 et L E T2 o o8 'ae|A]
o] H7t= o] vt ko] B2 g(library)&

H =
=
Zﬂ%—% = AAF 2 T Fol whE] A gloen, oY

2 o u
74 3 <

rulo 031 o nE r

% S. aureus, S. faecalis,

A= FAAE TS - = Edyt @ Ao fd
HTHA4).

Pyoluteorin

Pyoluteorin (PLT)+= type I polyketide synthase$} type 11
nonribosomal peptide synthetase &4 7 Z(hybrid pathway)
& B3lA AFHE 4,5-dichlorinated pyrrole 153 re-
sorcinol 712 FAE O UTH14, 44](Fig. 1). G F
(Oomycetes), Al¢F, A7, G- 2=l ZH o= 283}
H, 53] THoNA 83 AE BAFA FHF Pythium
ultimum®l| =& FHZ8-o] &dHA UTH30]. Pseudomoas
sp.o] e FoA 3 PLT AP #AH 10719
FAAE 2744 2 W 29 pltLABCDEFGS} pltRMZE. T4
F o] 1©™, LysR-type transcriptional regulator PItRol] 2]
& pltLABCDEFG Q¥ &9 T3 o] &AsEti[26, 34].
PLT %ol #d" FH A= ATP-binding cassette trans-
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Fig. 4. Chemical structure of pyrrolomycin (PM) derivatives.
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