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Abstract

The causative agent of scab disease or potato scab, which are different species of the genus Streptomyces,
has a relatively wide host range. This disease has caused a lot of economic damage in most of the
cultivating areas. Researches on the virulence mechanisms of plant-pathogenic Streptomyces spp. have
shown the importance of the thaxtomin phytotoxins as main pathogenicity determinants produced by
several species. In addition, other phytotoxic specialized metabolites such as coronafacoil, Concanamycin
and FD-891 along with the production of phytohormones and secretory proteins may have a role in the
development or severity of the disease caused by species related to this genus. There are wide range of
pathogenic factors in the species related to the Streptomyces genus. This phenomenon shows the potential
of the species of each region to accept pathogenic genes and create new species, which is very important
and decisive from the disease management point of view. The purpose of this review is to gain an
understanding of the molecular mechanisms of plant pathogenicity to use improved management methods
to control potato scab disease and other plant diseases caused by species related to this genus.
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Streptomyces scabies 87.22 and related species. The gene cluster have seven genes arranged within an approximately 18.3 kb
region. In the gene cluster, txtR encodes the only cluster regulator while the other genes encode the biosynthetic enzymes for
catalyzing the formation of thaxtomins. (b) Biosynthetic pathway of thaxtomin A. TxtA and TxtB show the uncommon
methyltransferase (MT) domain along with the core modules of adenylation (A), condensation (C), and thiolation (T). The
redox partner system of a small iron-sulfur-containing ferredoxin (Fdx) and a FAD comprising ferredoxin reductase (FdR) for
TxtE and TxtC are seemed to be encoded by genes located elsewhere on the chromosome outside the gene cluster for
thaxtomin biosynthesis. (Wang et al. 2020).
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sequences within the cluster are defined with the block arrows, and the direction of each arrow shows the direction of
transcription. The PAS-LuxR family regulator encoded by the cfaR gene and the downstream orfl gene encoding a ThiF
family protein are indicated in white. The genes of cfal-8, cfl, SCAB79711, cypl07AK1 and sdr encoding biosynthetic
enzymes are shown in black. The thin arrows situated above the gene cluster show the two transcription units that have been
identified. (Cheng et al. 2019).
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Fig 3. Molecular structure characterization of the thaxtomin A and C (a), concanamycin A and B (b), FD-891 (c) and borrelidin (d)
phytotoxins produced by plant pathogenic Streptomyces spp. (Bignell et al. 2013).
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Fig 4. The leafy galls produced on Arabidopsis thaliana by
Streptomyces turgidiscabies containing the fas operon.
Seedlings inoculated with (a) Streptomyces turgidiscabies
nos, or (b) not inoculated. The nos mutant produces only a
very small amount of thaxtomin and was used to minimize
the necrosis caused by thaxtomin A, allowing gall
development. (Loria et al. 2006).

S. turgidiscabies ol les  slos fas Oyl sl
Lol oS 5,500 slaei S & 5 S len onl & 1 s o e 2
I
Yoshida and ) .S A5 aly, JS Streptomyces 4,5
sl odsd ol (S355 elul 4 ST (Kobayashi. 1991
33 bl il 53 a8 05l GRS 51 e s yasitie
LB sbel s s ol LUlg S, turgidiscabies Car8
sladlg s bl R fascians sl le =)0« BN

=45 S. turgidiscabies nos 4l e R VS Wi

o Gl L@ il igr opl 3 e sinS A p oS (LS



https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.2.2.1
http://gebsj.ir/article-1-428-en.html

[ Downloaded from gebg.ir on 2025-11-24 |

[ DOR: 20.1001.1.25885073.1401.11.2.2.1 ]

Q\)‘SAA 3 S JL&

e Jole Streptomyces oo sl 5 lssles gla,Ss50

5> Necl ol V'JG'J Syse 5 S Ll iE WS el
Loria et al. ) 5,05 5,5 o5 a7 15, Streptomyces
.(2006

tomA o3

sy o= 45 S, turgidiscabies ;s 3ol 4l sy
G Soley 53 ol antlid oligolen sba,sSB L &S sk
Lol 51 (K s Slsen (200 5 te 5 oL SL
Rhodococcus fascians ;s fas o, 05 s S ) sen
o 1OMA LB L s 05 G Ol YU JJlas s S s
LS o US|y (Tomatinase) sLsle 5 S 5l gan oS o plulis
b b Sl sl S

Sl S & e &S AS e b5 e |, (TOmatin)

ol s Ssbes sl
5l ss2e S. turgidiscabies ;s 5 ol 3 sd e olS s
S. AJ; el 2 do)w a)l}l}' )'Yj).l?h Ji)}i.‘.'@
Ltom 5 fas,s2> !, S. turgidiscabies jacidiscabies
o tom 05 K s 5w Ol O gl s 51 eslazal
5 S. scabies .S. acidiscabies ,5 dxt snecl glasllls il
S. coelicolor ;s & -l Ll coul sus LS. turgidiscabies
33 3l s J.<i_s Shgolew e €55 o5 Lilen 135 ke 16
5,15 545 S. turgidiscabies Sl 5> ki fas 0,0 il
(Kers et al. 2005)

o S ALS Solen slag 8L S e e OLE b 4l
i3 s AS 5 Sl e Silen s 8 sl ok
S ehssles lr K85 sla, st (Kers et al. 2005)
- <3 4 (Horizontal Gene Transfer) o5 sl Ll 5 b
mar S 6 el e Bl zd TOMAtinase 5, sl
thog r ol pl S LS o o135 o |y tOmatin g pU o SO
Slr ) bud glseklesdl 51 g pi sl L SO s
R SS b ssd el (Llis 55 2 tomatin - o s
Coolast| S. scabies ;I Tomatinase w3l 45 A5 asie

.(Seipke and Loria. 2008) 5,5 VU ol s s

&S. europaeiscabiei ; S. scabiei wlix 55 ¢ K5 ) 3

G 9 42w 5 (S5, «NECLy toMA sla 3L Ul tXXAB (gl ,ls

S e 4 plaes Gl 1 A sldsle olns sl el
R 03 RS e s oS S 3 S 5 8 ames
“olew 03 S e bl alil sl 5 glants Sl S

(Alfano. 2009) >33 s ., » < Streptomyces 3

necl o3

S il 8 s SLosnecl Ol S sl olis A3 Slalas
TP (R S (_gLAn.,\.'G SIS 9d>e )jji: JL>=.5‘ C,.GL; lividans
s @l 55,55 Jele .(Bukhalid and Loria. 1997) s,
5 Lo sl necl ssols S. lividans glacisS (supernatant)
Laasls ol 50 zlsal LB JT Gladd b e ST e
9 u<:.:5jj.§; g)l‘::ﬁﬁ &.ﬁ Y u.iM necl Qj aS .,\A)L;d QLJ..:

oS M

pole wlie b Jlg 35 Lol s (aStreptomyces

2l e84 Cod 05 (Me)s 08) GHC

& S L 05 ol a8 das e OLES 05 b g3 55 09l S
Sael 4 Ul s ol sdl Jine Streptomyces 4 o lize
53 L DNA (glaesls ol )3 glodd anslid S g san s
O oSl £5 pdir L3 05l el el plulis
S. > PAISt (Pathogenicity Island) ;5 5 ol ous Loas
S. &. scabiei s OsenlsedS adew s 5 turgidiscabies
ol Cs\j S. stelliscabiei s S. europaeiscabiei @cidiscabies
e bl el el J- l Lo K8 el
05 ol 8L 1565l Streptomyces  « g cpdor |5 (Cend
55 5 3,0 e 5-01 md 5 IS G NeCl 555 dites
slias OLLS &S 550 00 5 LS Lo 053 @ el 5B
<~ (Loria et al. 2006) .ol OL e sk b odive Julas
5heslazad b alS (sla i 5 S. turgidiscabies > necl
542 01 31 SRals el iz 5 5 0555 (st oS
i gaads ) 055 o5lS o 68U BUIS 05 cnl b e
s Necl olr G ol Jb 5 ol 2als ol 4 |
1 53 Necl sl slgiy w81 ol alizl of 5 Shes
Ggal OS5 Sl (Ses 5 sl 2B Sa gl ol



https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.2.2.1
http://gebsj.ir/article-1-428-en.html

[ Downloaded from gebg.ir on 2025-11-24 |

[ DOR: 20.1001.1.25885073.1401.11.2.2.1 ]

- Jale Streptomyces oo sls 45 15 slen sl s50e

UL 5 sdams Jlo

Gl Gospe G slie sbanssy o Ls osh
e oSS ffh 05 (55 opl 4 5 (Luirink et al. 2005)
LSJ‘})AP LSLAQJ cSRP °"\th§ a.,\,\,S.,\S ﬁ:SY Q} E) GSRP L;\:Sj):
I I ol L (Seluanov and Bibi. 1997) we.s E. coli s
) 815 S G S, coelicolor i olg e 1, ftsY &S
s M o b S S AT s sl M5 5 e
o lasOlis g5 5s ol L(Shen et al. 2008) Lls o o) 4 5o
ole b oawslae 5> Streptomyces s SRP 5> Sles s &yl
(Chater et al. 2010) ol bas SU

ESX 7ol 5 e

S S oiy o e (S0 S e Sl £
Ll Streptomycetes s .ol VI 55 L ESX ot ¢ S
FtsK/ SpolllE-like ATPase < «SESX « 55 ) <Kl
_w:;}ﬂ aJ\.'JSJ'A) dj ..L\.>: lt'. & Q)}L?r.ﬁ).) ¢J~.SL54 JS\) J\-dlﬁ
ol odd Chtlbwe W-X-G el dowl Cigge L S s8 la
B )Lg JZJ)‘ Lg\j’ V.Z.M.?w w\ ( Pallen 2002) Sl 0
3 s sl &S LS is s Mycobacterium tuberculosis
Sl 5L 5530 CFPL0 5 ESAT-6 oS S sk ol (55 5
Staphyloccus ;3 s s (s & .(Stanley et al. 2003)
{(Burts et al. 2005) LS o =i 5 plis slap S, aUreUs
L S5 BLTESX s o0 Dby gm0 ol (595 2 53 4 S
s bl la,st Just by Jlasl oyl @lil
Streptomycetes o 555 55 15 (o JUES] @t ] 5 Shes
S. &. griseus slaw S .l ol (55108 505 50 igolen o8
Lies ploze alb x5 glyls S. coelicolor s avermitilis
S. coelicolor ,5> SCO5734 5 SCO4508 L.. s ATPases)
Streptomyces  _alS S ks oS Jb= 53 (Wi e g 1SS
L, i SSC58621 L 45) 5,05 aieews &S Las scabies
J= s Streptomyces s s 1 5] S s Shes (el
alin b gz 5 BB (S5s 5 28 Ll casl antlial 5l
©opY apiie slgdy s Sl > wlie bante L
WxXG ;ﬂ.:.?jﬂb&js le,;hu,:.ijjﬂ C.S:J.?J.:ojw dSCMNlJSb

#1688 slagess » Mycobacterium s 3l e !

shls Ll Neclo) w86 alus Loy slisolen 4 3B e
BBl 58 Golew sbml a5 Sesicam S5y FOMA
sl gl oyd3 tomA 5 necl gyl Ll IXtAB
necl WL Ll tomA 05 slils 3l e i K roman
Sl e Gl pomen ol sdd Sluls tXXAB
Sl edkd plulls tXXAB L LI tomA 5 necl (l)ls
S05 DM aS e e 0L L al ool (Wanner. 2006)
oo 2ol sl tomA 5 necl slals IXEAB (sla

Sl 53 esee 05 S, scabies 87.22 a4 s L
305 G iz S 03 SRS 5l s 4l s s alisslen
IR AN Kb o3l 4 tXtAB snecl slads cJls ysb 4.l
o gt impad (S5 e Gl ol sk 4l sl
23 eSS Ay Lol en 05wl SIS s Sles
A5 el oS Wledd gy a3 2 ke Rl sl a3
Fegm 23 J2 GOS 4er 5 Ligd e ekl TS

(XIC (IXHAB Lol L0 ol . Ul L3 4l opl 53 (e 2SS

b " S Lheslen ol £33 axkad . Lzea tXIR 5nOS
S 0] Jold (oed jsb 4 58 g0 0 dal ™ O gl p2IS
ol tom snecl fro ooy Jold o550 8 4l ool .ol
Sl 03 1y otn 2 Bl e 655,20 2lisolon Sl &S
(s S o 3y 5b | Sl San tOMA g necl o .S o L
Lerat et al. ) wib axils i Sadl aolp 3 oS ol
(2009

SEC puns

o S5 5 5 i b oanslis bl s SEC s
s S S sy O Gk 5l 4 el Lol
Driessen and Nouwen. ) ., e o LaStreptomyces
S e 51 Sec gl plas S. coelicolor 053 .(2008
sl (5 l08uS SecF 4 SecD L ¢l o SecE 5 SecY (55,5
Mile3l Lol 5 3 S o US| slme W05 baw s
«!,» Streptomyces lividans ;I SECA .5, 5 LS jesis
.(Blanco et al. 1998) ..l Sec « az.sls a-amylase o

)13 Gaa (¢l SRP (Signal Recognition Particle) E. coli ,»



https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.2.2.1
http://gebsj.ir/article-1-428-en.html

[ Downloaded from gebg.ir on 2025-11-24 |

[ DOR: 20.1001.1.25885073.1401.11.2.2.1 ]

Q\)‘SAA 3 S JL&

e Jole Streptomyces oo sl 5 lssles gla,Ss50

S. coelicolor ;s el so o b odd alis Tat glal o s
oty dmes Sdssds Glaw sl 5l e 058 ol
g mle Sl gdie slpe dr s 5L bl o Tat gecs
Gie slye oS Sloy 45 1y Ay bl 5 AS o Wl ege LB
S el d XS Sl esliad 350 Sl 4 o
il i s il Caeal Sl il gl Jle Olgie
3 PhoX 5 PhoD (slassl sl LS (slablins dhas I 3Llivs
ois Tat g aaly bl sied 5 bolal (654 romes
aw 51 S Blas ol e sdle (Widdick et al. 2006) s e
ol Tat (sl s lls S, lividans ouls jaseine U5
55 ety sl ﬁ)ﬂ 5% obew 5 (Faury et al. 2004)
Tat (gl g I (Jsho ool Shdeas S 5o 5 o 5

(Chater et al. 2010) Jxea ) LB L el albiss

S. coelicolor  J b ~ L= (agarase) 5T ﬁjﬂ PV
3pms Sos sddatlis (sle Streptomyces i ;5 45 a5l
BN FISERPRUWIRNSIFN |- JREN I Kyl d(sslw
laode (Widdick et al. 2008) 542 o pslo Tat e 5 b
s n M sl b IS cpl I Tt g i2S 1 S
das o OLL ol (Isiegas et al. 1999) Wi o eslial S5 2a
51T S5 5408 g =S Slresly e bTat ew oS
Sl A sl SIS Bl S Ol 4 o S
5 Shal slags S dags SL Sl Tat suzy st 4
S ol ol L b esls ol des el el eslizal OLaLS
Llodds caiS e Tat s s glal mew s 51 6ok

.(Chater et al. 2010; Li et al. 2019)

(Scabin) ;!
Sl S ASYY i sl OBl S Sl
- ol ele 5 558 e AJ 55 S, scabiei 87-22 L s
WSJJ eb‘};lﬁ-w Jugaﬂ‘ ! o) S99 U’i\ BE ol s
o3l .ol MART  (Mono-ADP-Ribosyltransferase)
AL Sy gl Gl glacS S
S 5 .l Pseudomonas aeruginosa « S EX0A .S 5

s Vibrio cholera

2588 5 g3 sl Al 58S 51 ADP-ribose Jul mART

Ko e JiS JI5 95 a6 S A5 ot
Conl (SKas &S Cuslias Ol ol (Raghavan et al. 2008)
5> S sl s JUEl e o) St 51 ok

.(Chater et al. 2010) .cz..» Streptomyces

(Twin-arginine translocase) Tat

SEC s L &S sl Tl e (055 5 WD) s s g
ol 53 1y a3, b i 5l Gl | ol glie
S oponl g A M 5 LS e Jie et e LS
SlysSUS o U e w5 1 alagsy Bhes Tat e
Rl Goar ssb 4 oS s sy WSS 0T 3 S5, Jleb
Lsdp by D A 03 el nte @ b sSBS
s Streptomyces slaai S (J= ol L .(Berks et al. 2000)
Sl sl St dax 5l o Ss, 3l K S
Osd s, ol sl &8 A, e L 4 (Archaea)
(Widdick et al. 2006) .S oyl jewn cpl 511, sSB S
Sidmmd > ol e TA e sl s,
S. coelicolor Tat slaos )5 i |53 5,05 Streptomyces
Sk glacsse 4 e S.oscabies 5 S, lividans
sl sla iee (Widdick et al. 2006) 5,5 .« (Pleiotropic)
ol Ad &l S.ocoelicolor 5 S. lividans slag sSU s ol
Aol Lo 55 5 S A 0 dS] Sl mle 2S5 Lags S
S. Wy Al Ligr A3l gl sl 4 3B 5,80 gl
O osl datess 5 0leSKS gk o5l 5 a5 sls OLES coelicolor
Scwl J oyl Jlasl jed sdas OliS oS
Mg 55 4w oS sl OLES S scabies s tatC wlie g
Widdick et al. ) ol odd 2i lrs olissesl 5 e

(2006

I 55,5 51 MelCl TJALEcTatML;in)'\ JG! 51
4 MelCL S pd b 3l @b w3l s 15 ol e
S syls sy Jhal gl 5 ol (Ko B 53 e s>
SaS 5Lais Jd e & e 035 3505 & roees MelCL

(Tsai etal. 1998) .S -



https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.2.2.1
http://gebsj.ir/article-1-428-en.html

[ Downloaded from gebg.ir on 2025-11-24 |

[ DOR: 20.1001.1.25885073.1401.11.2.2.1 ]

- Jale Streptomyces oo sls 45 15 slen sl s50e

UL 5 sdams Jlo

S35 (g e > b op iy S edd gLl alS
S. scabiei 55 2 SUDL 5 StA 3Ly 5o 0diSUS OF 53 .ol
Ol olS Calises sls oy 5= 5 €STA &S ol 0l salie
sl o35 5 S L g g s hads subl Ol S el
s glaw S 5 Of sy s wosubl 0 cel S5 LG
scab_7898L s e b sl S 53 Ol 35 e 5 135l
A5 1y 3L S SUbL 03 oS e s i S| 55l e 4S50
g oS a s Glaw 5T a5 4 536 5l Ol Lol S e
e 3 Solew Jan g ode ool 35k 5 opl 4SS
Liet) o o 5 5n ol ol iz 2 255 00 Joged 53511

.@al. 2019

S 5w
A Sl Jslse Streptomyces i 55 s ge slaai S
O gmn 530 s SO e OF 53 ligolen 45 dites (g3le 8
S dies Shaily AlE b Sl g SU pl L ad e
plonil sla ity S 63 T 1 ol s s slapll al 5 e
3 e e e ol S0 K85 550 53 el
03,5 ST Gosn Sl Solesy ol 2lolon sl iy 3550
"o n Oy s S S Sl el plalld Ll
Sl g skas Ol e o S5 gla s 5 25 o
Sl boisy ol 3l Jols mls cal b st o
by el Gl SL el sbe S GV e
A il eboler S sl S S
5 I oo Sl Glr S e KAl s

RC U B POTIK o R PP TP S PO I

&lw

Alfano JR. 2009. Roadmap for future research on plant
pathogen effectors. Molecular Plant Pathology 10:
805-813.

Baltz RH. 2011. Function of MbtH homologs in
nonribosomal peptide biosynthesis and applications in

Gaa J S50 G w1y (Nicotinamide Adenine Dinucleotide)
sy OF 3 Slas 008 Jlb b sl oS LS e HIBS Ol
NAD + oJls MART lampl cin pl » odle
doys bv Sl s e olis | glycohydrolase  (GH)
S MART (glapnS 5 5l cpo o o3l b (glanel il Conlis
5 ol esls OLE3 s e 13 Gas DNA s 1, 1S 5L
5 Gl spie dobe Godd g by Soe g e
5 GH b sl ol 8 55 aul oSl 5T Slo st
sl DNA slaaN 5 ools Ol |, ADP-ribosyltransferase
Cls oSl oS il a5 L das e 15 G |y 1S
oLz P.aeruginosa  S. scabiei .45 DNA Ll 55 i
“cam 255 DNA s s 1 by Sl 8 b s ol
S. bl p s o opl B el = s sls &) e

(Lietal. 2019) ol w5 Cows 3 SCabIEI

sS4y 35 (5o o 5

Ll 5 L3l GU OlsS her dile o i 5 Slap 5
AL b 52 @bl Gl alS ey eSS
- x# 5 ol laStreptomyces o 55 AL SO N 77 PO
oS 55 Slaa Bl (GIISUS &S 0 pder sl [sben
Liea ek 6Lﬁﬁj§4€)~a}=ﬂje.&i g JASM
ol il s e (S Gl T i s e 0L
das o Ol a8 sl s gdalad LSl andls Ols g e
S. hug | Jobe ol SaVale glan sl s
3 oSt S e 4l s AS e S >0 scabiei
&:»-:Maﬁ cw“ B GJW JMSL;G k.g_«s LSJ’.‘.SL’ k)'-’-‘ B gs'ibis)t'“':"

secondary metabolite discovery. Journal of Industrial
Microbiology and Biotechnology 38(11):1747-1760.

Barry SM, Kers JA, Johnson EG, Song L, Aston PR,
Patel B, Krasnoff SB, Crane BR, Gibson DM,
Loria R Challis GL. 2012. Cytochrome P450-
catalyzed L-tryptophan nitration in thaxtomin
phytotoxin biosynthesis. Nature Chemical Biology
8(10):814-6.



https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.2.2.1
http://gebsj.ir/article-1-428-en.html

[ Downloaded from gebg.ir on 2025-11-24 |

[ DOR: 20.1001.1.25885073.1401.11.2.2.1 ]

Q\)‘SAA 9 (Sdawe JL&

e Jole Streptomyces oo sl 5 lssles gla,Ss50

Bendtsen JD, Nielsen H, Widdick D, Palmer T, Brunak
S. 2005. Prediction of twin-arginine signal peptides.
BMC Bioinformatics 6(1):1-9.

Berger J, Jampolsky LM, Goldberg MW. 1949,
Borrelidin A new antibiotic with antiborrelia activity
and penicillin enhancement properties. Archives of
Biochemistry and Biophysics 22(3):476-8.

Berks BC, Sargent F, Palmer T. 2000. The Tat protein
export pathway. Molecular Microbiology 35(2): 260-
274.

Berks BC. 1996. A common export pathway for proteins
binding complex redox cofactors. Molecular
Microbiology 22(3): 393-404.

Bignell DR, Cheng Z, Bown L. 2018. The coronafacoyl
phytotoxins: structure, biosynthesis, regulation and
biological activities. Antonie Van Leeuwenhoek
111(5): 649-66.

Bignell DR, Francis IM, Fyans JK, Loria R. 2014b.
Thaxtomin A production and virulence are controlled
by several bld gene global regulators in Streptomyces
scabies. Molecular Plant-Microbe Interactions 27(8):
875-85.

Bignell DR, Fyans JK Cheng Z. 2014a. Phytotoxins
produced by plant pathogenic S treptomyces species.
Journal of Applied Microbiology 116(2): 223-35.

Bignell DR, Seipke RF, Huguet-Tapia JC, Chambers
AH, Parry RJ, Loria R. 2010. Streptomyces scabies
87-22 contains a coronafacic acid-like biosynthetic
cluster that contributes to plant-microbe interactions.
Molecular Plant-Microbe Interactions 23(2): 161-75.

Blanco J, Driessen AJ, Coque JJ, Martin JF. 1998.
Biochemical characterization of the SecA protein of
Streptomyces lividans: Interaction with nucleotides,
binding to membrane vesicles and in vitro
translocation of proAmy protein European Journal of
Biochemistry 257(2): 472-8.

Bouchek-Mechiche K, Gardan L, Normand P, Jouan B.
2000. DNA relatedness among strains of Streptomyces
pathogenic to potato in France: description of three
new species, S. europaeiscabiei sp. nov. and S.
stelliscabiei sp. nov. associated with common scab,
and S. reticuliscabiei sp. nov. associated with netted
scab. International Journal of Systematic and
Evolutionary Microbiology 50(1): 91-9.

Bukhalid RA, Loria R. 1997. Cloning and expression of
a gene from Streptomyces scabies encoding a putative
pathogenicity factor. Journal of Bacteriology 179(24):
7776-83.

Burts ML, Williams WA, DeBord K Missiakas DM.
2005. EsxA and EsxB are secreted by an ESAT-6-like
system that is required for the pathogenesis of
Staphylococcus aureus infections. Proceedings of the
National Academy of Sciences 102(4): 1169-74.

Cao Z, Khodakaramian G, Arakawa K, Kinashi H.
2012. Isolation of borrelidin as a phytotoxic
compound from a potato pathogenic Streptomyces
strain. Bioscience, Biotechnology, and Biochemistry
76(2): 353-7.

Castillo-Lizardo MG, Aragén IM, Carvajal V, Matas
IM, Pérez-Bueno ML, Gallegos MT, Bar6n M,
Ramos C. 2015. Contribution of the non-effector
members of the HrpL regulon, iaaL and matE, to the
virulence of Pseudomonas syringae pv. tomato
DC3000 in tomato plants. BMC Microbiology 15(1):
1-4.

Chater KF, Biré S, Lee KJ, Palmer T, Schrempf H.
2010. The complex extracellular biology of
Streptomyces. Federation of European Microbiological
Societies reviews 34(2): 171-98.

Chen LY, Leu WM, Wang KT, Lee YH. 1992. Copper
transfer and activation of the Streptomyces
apotyrosinase are mediated through a complex
formation between apotyrosinase and its trans-
activator MelC1. Journal of Biological Chemistry
267(28): 20100-7.

Cheng Z, Bown L, Piercey B, Bignell DRD. 2019.
Positive and Negative Regulation of the Virulence
Associated Coronafacoyl Phytotoxin in the Potato
Common Scab Pathogen Streptomyces scabies.
Molecular Plant-Microbe Interactions 32(10): 1348-
1359.

Cheng Z, Bown L, Tahlan K, Bignell DR. 2015.
Regulation of coronafacoyl phytotoxin production by
the PAS-LuxR family regulator CfaR in the common
scab pathogen Streptomyces scabies. PLoS One 10(3):
€0122450.

Cristobal S, de Gier JW, Nielsen H, von Heijne G.
1999. Competition between Sec-and TAT-dependent
protein translocation in Escherichia coli. The EMBO
Journal 18(11): 2982-90.

Driessen AJ, Nouwen N. 2008. Protein translocation
across the bacterial cytoplasmic membrane. Annual
Review of Biochemistry 77: 643-67.

Eguchi T, Yamamoto K, Mizoue K, Kakinuma K. 2004.
Structure revision of FD-891, a 16-membered
macrolide antibiotic. The Journal of Antibiotics 57(2):
156-7.

Eini O, Khodakaramian G, Rahimian H. 2003.
Phenotypic features and host range of the strains of
Streptomyces inducing potato scab in Iran 85-101. (In
Farsi with English abstract).

Faucher E, Otrysko BEP, Hodge NC, Stall RE. 1993.
Characterization of streptomycetes causing russet scab
in Québec. Plant Disease. 77:1217-1220.

Faucher E, Paradis E, Goyer C, Hodge NC, Hogue R,
Stall RE, Beaulieu C. 1995. Characterization of
streptomycetes causing deep-pitted scab of potato in



https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.2.2.1
http://gebsj.ir/article-1-428-en.html

[ Downloaded from gebg.ir on 2025-11-24 |

[ DOR: 20.1001.1.25885073.1401.11.2.2.1 ]

- Jale Streptomyces oo sls 45 15 slen sl s50e

Q\)K,«Ja 3 S J‘&

Quebec, Canada. International Journal of Systematic
and Evolutionary Microbiology 45(2): 222-5.

Faury D, Saidane S, Li H, Morosoli R. 2004. Secretion
of active xylanase C from Streptomyces lividans is
exclusively mediated by the Tat protein export system.
Biochimica et Biophysica Acta (BBA)-Proteins and
Proteomics 1699(1-2): 155-62.

Goethals K, Vereecke D, Jaziri M, Van Montagu M,
Holsters M. 2001. Leafy gall formationby
Rhodococcus  fascians.  Annual  Review  of
Phytopathology 39: 27-52.

Guan D, Grau BL, Clark CA, Taylor CM, Loria R,
Pettis GS. 2012. Evidence that thaxtomin C is a
pathogenicity determinant of Streptomyces ipomoeae,
the causative agent of Streptomyces soil rot disease of
sweet potato. Molecular Plant-Microbe Interactions
25(3): 393-401.

Hsu T, Hingley-Wilson SM, Chen B, Chen M, Dai AZ,
Morin PM, Marks CB, Padiyar J, Goulding C,
Gingery M, Eisenberg D. 2003. The primary
mechanism of attenuation of bacillus Calmette—Guerin
is a loss of secreted lytic function required for
invasion of lung interstitial tissue. Proceedings of the
National Academy of Sciences 100(21): 12420-5.

Hsu S. 2010. IAA production by Streptomyces scabies and
its role in plant microbe interaction. Cornell
University, New York, USA 1-66.

Huguet-Tapia JC, Lefebure T, Badger JH, Guan D,
Pettis GS, Stanhope MJ, Loria R. 2016. Genome
content and phylogenomics reveal both ancestral and
lateral evolutionary pathways in plant-pathogenic
Streptomyces species. Applied and Environmental
Microbiology 82(7): 2146-55.

Isiegas C, Parro V, Mellado RP. 1999. Streptomyces
lividans as a host for the production and secretion of
Escherichia coli TEM pp-lactamase. Letters in
Applied Microbiology 28(4): 321-6.

Johnson EG, Krasnoff SB, Bignell DR, Chung WC,
Tao T, Parry RJ, Loria R, Gibson DM. 2009.
4-Nitrotryptophan is a substrate for the non-ribosomal
peptide synthetase TxtB in the thaxtomin A
biosynthetic pathway. Molecular Microbiology 73(3):
409-18.

Kendall K, Cullum J. 1984. Cloning and expression of an
extracellular-agarase  gene  from  Streptomyces
coelicolor A3 (2) in Streptomyces lividans 66. Gene
29(3): 315-21.

Kers JA, Cameron KD, Joshi MV, Bukhalid RA,
Morello JE, Wach MJ, Gibson DM, Loria R. 2005.
A large, mobile pathogenicity island confers plant
pathogenicity on Streptomyces species. Molecular
Microbiology 55(4): 1025-33.

Kers JA, Wach MJ, Krasnoff SB, Widom J, Cameron
KD, Bukhalid RA, Gibson DM, Crane BR, Loria

R. 2004. Nitration of a peptide phytotoxin by bacterial
nitric oxide synthase. Nature 429(6987): 79-82.

Kinashi H, Someno K, Sakaguchi K. 1984. Isolation and
characterization of concanamycins A, B and C. The
Journal of antibiotics 37(11): 1333-43.

King RR, Lawrence CH, Clark MC, Calhoun LA.
1989. Isolation and characterization of phytotoxins
associated with Streptomyces scabies. Journal of the
Chemical Society 13:849-850.

Lerat S, Simao-Beaunoir AM, Beaulieu C. 2009.
Genetic and  physiological  determinants  of
Streptomyces scabies pathogenicity. Molecular Plant
Pathology 10(5): 579-85.

Li Y, Liu J, Diaz-Cruz G, Cheng Z, Bignell DRD. 2019.
Virulence  mechanisms of plant pathogenic
Streptomyces  species: an  updated  review.
Microbiology 165(10): 1025 1040.

Loria R, Bignell DR, Moll S, Huguet-Tapia JC, Joshi
MV, Johnson EG, Seipke RF, Gibson DM. 2008.
Thaxtomin  biosynthesis: the path to plant
pathogenicity in the genus Streptomyces. Antonie Van
Leeuwenhoek 94(1): 3-10.

Loria R, Bukhalid RA, Creath RA, Leiner RH, Olivier
M. 1996. Differential production of thaxtomins by
pathogenic  Streptomyces  species in  vitro.
Phytopathology 85:537-541

Loria R, Kers J, Joshi M. 2006. Evolution of plant
pathogenicity in Streptomyces. Annual Review of
Phytopathology 44: 469-87.

Luirink J, Heijne GV, Houben E, Gier JW. 2005.
Biogenesis of inner membrane proteins in Escherichia
coli. Annual Review of Microbiology 59: 329-55.

Ma KW, Ma W. 2016. Phytohormone pathways as targets
of pathogens to facilitate infection. Plant Molecular
Biology 91(6): 713-25.

Martin-Hernandez AM, Dufresne M, Hugouvieux V,
Melton R, Osbourn A. 2000. Effects of targeted
replacement of the tomatinase gene on the interaction
of Septoria lycopersici with tomato plants. Molecular
Plant-Microbe Interactions 13(12): 1301-11.

Natsume M, Komiya M, Koyanagi F, Tashiro N,
Kawaide H, Abe H. 2005. Phytotoxin produced by
Streptomyces sp. causing potato russet scab in Japan.
Journal of General Plant Pathology 71(5): 364-9.

Natsume M, Yamada A, Tashiro N, Abe H. 1998.
Differential production of the phytotoxins thaxtomin
A and concanamycins A and B by potato common
scab-causing Streptomyces spp. Japanese Journal of
Phytopathology 64(3): 202-4.

Palacin A, de la Fuente R, Valle I, Rivas LA, Mellado
RP. 2003. Streptomyces lividans contains a minimal
functional signal recognition particle that is involved
in protein secretion. Microbiology 149(9): 2435-42.



https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.2.2.1
http://gebsj.ir/article-1-428-en.html

[ Downloaded from gebg.ir on 2025-11-24 |

[ DOR: 20.1001.1.25885073.1401.11.2.2.1 ]

Q\)‘SAA 9 (Sdawe JL&

e Jole Streptomyces oo sl 5 lssles gla,Ss50

Pallen MJ. 2002. The ESAT-6/WXG100 superfamily—and
a new Gram-positive secretion system. Trends in
microbiology 10(5): 209-12.

Raghavan S, Manzanillo P, Chan K, Dovey C, Cox JS.
2008. Secreted transcription  factor  controls
Mycobacterium  tuberculosis  virulence.  Nature
454(7205): 717-21.

Reimer JM, Haque AS, Tarry MJ, Schmeing TM.
2018. Piecing together nonribosomal peptide
synthesis. Current opinion in structural Biology 49:
104-13.

Schaerlaekens K, Schierova M, Lammertyn E,
Geukens N, Anné J, Van Mellaert L. 2001. Twin-
arginine translocation pathway in Streptomyces
lividans. Journal of Bacteriology 183(23): 6727-32.

Seipke RF, Loria R. 2008. Streptomyces scabies 87-22
possesses a functional tomatinase. Journal of
Bacteriology 190(23): 7684-92.

Seki-Asano MI, Okazaki T, Yamagishi M, Sakai N,
Hanada K, Mizoue K. 1994. Isolation and
characterization of new 18-membered macrolides FD-
891 and FD-892. The Journal of Antibiotics
25;47(11): 1226-33.

Seluanov A, Bibi E. 1997. FtsY, the prokaryotic signal
recognition particle receptor homologue, is essential
for biogenesis of membrane proteins. Journal of
Biological Chemistry 272(4): 2053-5.

Sheibani P, Khakvar R, Shirzad A. 2015. Identification
of some biocontrol agents on potato soft rot bacterium.
Genetic Engineering and Biosafety Journal, 4(1): 79-
91. (In Farsi with English abstract).

Shen XL, Dong HJ, Hou XP, Guan WJ, Li YQ. 2008.
FtsY affects sporulation and antibiotic production by
whiH in  Streptomyces  coelicolor.  Current
Microbiology 56(1): 61-5.

Stanley SA, Raghavan S, Hwang WW, Cox JS. 2003.
Acute infection and macrophage subversion by
Mycobacterium tuberculosis require a specialized
secretion system. Proceedings of the National
Academy of Sciences 100(22): 13001-6.

Tomita H, Katsuyama Y, Minami H, Ohnishi Y. 2017.
Identification and characterization of a bacterial
cytochrome P450 monooxygenase catalyzing the 3-
nitration of tyrosine in rufomycin biosynthesis.
Journal of Biological Chemistry 292(38): 15859-69.

Tsai TY, Lee YH. 1998. Roles of Copper Ligands in the
Activation and Secretion of Streptomyces Tyrosinase.
Journal of Biological Chemistry 273(30): 19243-50.

Wang L, Wang M, Fu Y, Huang P, Kong D, Niu G.
2020. Engineered biosynthesis of thaxtomin
phytotoxins. Critical reviews in Biotechnology
16;40(8): 1163-71.

Wanner LA. 2006. A survey of genetic variation in
Streptomyces isolates causing potato common scab in
the United States. Phytopathology 96(12): 1363-71.

Wellington EM, Stackebrandt E, Sanders D, Wolstrup
J, Jorgensen NO. 1992. Taxonomic status of
Kitasatosporia, and proposed unification with
Streptomyces on the basis of phenotypic and 16S
rRNA analysis and emendation of Streptomyces
Waksman and Henrici 1943, 339AL. International
Journal of Systematic and Evolutionary Microbiology
42(1): 156-60.

Widdick DA, Dilks K, Chandra G, Bottrill A, Naldrett
M, Pohlschréder M, Palmer T. 2006. The twin-
arginine translocation pathway is a major route of
protein export in Streptomyces coelicolor. Proceedings
of the National Academy of Sciences 103(47): 17927-
32.

Xin XF, He SY. 2013. Pseudomonas syringae pv. tomato
DC3000: a model pathogen for probing disease
susceptibility and hormone signaling in plants. Annual
review of Phytopathology 51: 473-98.

Yoshida M, Kobayashi K. 1991. Taxonomic
characterization of the actinomycete causing root
tumor of melon. Annals of the Phytopathological
Society of Japan 57: 540-48.



https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.2.2.1
http://gebsj.ir/article-1-428-en.html
http://www.tcpdf.org

