KOR. JOUR: -MICROBIOL-August—1994—p—264~270

Streptomyces coelicolor A3(2)0|A hrdA Al Sigma 21X}
FHXe 22Y

XS - =28 - Hs*
MEOSI W XIADIBIHS 0|MEtn; MBOHStn SXI0|AE I THE

M7 RNA THEZAH A2 o A ol REF ojulx it A 23 2919} 4.2 292
ol 4l N2 2t Frixle] PCR primer® #AFs}dic) o|§§ ol43lo PCRE
FUUE ", E coli®t Streptomyces coelicolor2] DNAZX¥] 4 41=]91Y 480 bp A £2) DNA7}
ZEse & dUGch E coli DNAKA FX 9 DNAE 2339 9r144e 248 23
E. coli®] rpoS R AAZRE FAA0 &% Aol o]F YU 2 S. coelicolorsl M genomic DNA
hybridization& ¥ of, Pwll AY F71x) (3.5kb, 2.0kb) #} Sa/l M F7}2] (3.4 kb,
L5kb)yed ¥lo] Agtsl= A& FAsoc) 3.5kbe) Pull HEE sublibraryZ Ve F23i8}z,
¥¥ol AW 1.0kbe] BamHU/Hincll B2 9714 $Hsigr). F¥xoz Ay
714 BLAST X239 & |48 GenBank®} EMBL, PDB $2) data library?] #3
e w2l & 73} Sreptomyces$:2) o A7} F-& Hl-E 8 Synechococcus®, Anabaena®:, Pseudo-
monas aeruginosa, Stigmatella aurantica 2] F¥ o A%} & FA4L Bdd. WA%=
1.2 ¥4} 4 B9l AFshe 28] 97149 S AP, of RE LS. coelicolorof A g}
7t o QA KAA F hdAst MY B RAES Rolw, olulxite] fA 4] 1.2
FHAME 88%, 4 F9A4ME 75%2 Ao ‘et

KEY WORDS [] Streptomyces coelicolor A3(2), RNA polymerase o factor, hrdA-like o factor,

Vol 32 No 4

Escherichia coli rpoS, PCR

44 RNA $3 G4 affod oAl 29
HZ A ded olF o Al T2 RE £
47142 A& RNA F3 wh3-2] 7fAjel ol
AE ¥oshs 715E 3.7, 10). webA. & R4
Weoll & FF 49} o A EAME AS o AR
Aol Yo7 Fzte] wdolghe oduiyal 7)15-&
a4 # ofzk FARR TEWE FERE VM F-A
T& Boldog U st7del wislo] ulgt A4S,
Et Ax9 #3E vl $83 24 ARAEA
248l ek

Strepomyeese A2 F AHRPED TR F
Mg £54 st} Held W AAYg AA=
Gram 34 Ado2 F32 ddzH e} o <
A7 Fag¢ Qs stz A4=n gledl.
#a7lx) 228 7708 o AR} Streptomyces coeli-
colord| A} ®Waslo} SUth(5). B. subtilis®) veg} cic
=228 % S coclicolor®) dagd 222 WEHE/E
F3 o2 & in virro transcription® £3), veg T2
REE QA8 0% (17). acst dagdp3§ QA=
o (17.4). dagAp2%& WA 3k= o™ (4) 52 o A
EAq7} dedyoem S coelicolord] gal 22 F
=296l galpl3} galp2 F galp2e ool 3l
galpl & 7] &0 ezl 7zl o & alxlel && <l

264

%) glo} ezl (18). dagdpdE AR oML
A Ayl AP F £ Fejse] N g
obojic 4t Mdg BAF A hdB HAAY AHE
o] W3 AL(). veg ZEREE AR|F= Ao
ad#zl o o9 ¥l AbEolzl A= <9
o)} 3to] 43t Hog o Qlzle) chopAl g HFHsh=
ez oo FHA FFAMY dFr) APs|ol
QAN 65272 o AR} FAAIL S, coelicolors) 4
295 ek

Strepromyces 2| £3t FAol A 7| FALZYE XA}
HFA=E = HHeo]l M EdHolAY AFE Fi
okedxl 8709 §-HA F whiG7F A Aol Bedsh=
o aAde] g A (6. 11). E coli®] ¢ (RpoD)3}
B. subtilis®] orollA ¥ZES olo|xAl HYZYE §
F3le] A% oligonucleotideE €A 2 hrdd,
hrdB, hrdC. hrdD (homologs of rpoD)7} 245
2tH(14.15.16). 2 F-Azol A SAHIME o)
48 Ayl hrdButo] XA FgHolgls AR
24 hrdB7} S. coelicolor?] T8 o Aol s
Hovb hrdd, hrdC., hrdD9] 7)5oll el o}
el ol ok e} zhol Strepromycesol A o Al
ale] AFyE oA e FdHdAe o As
Ade] EHYAt 2 o UxLE A 715H IS



Vol 32 1994

olA] uvin|&jc}, ojn] Asiety o2 Eals} gy o
o™ %2 minor o UzHE] AR ojwF A
Ae g FAHAEL GUE AR Yohir] ¢
#ie 22i§t o UAHES] FUAHE F24dshe Yol
Aegslojo} & Aot} ¥ ATl E E coliz e
ZE8 rpoS A HBE HHoE S coelicolor
G4 42¢ o A4 FHA2] F2YE Axsigc
a2 A=, S coelicolor®] hrddst fA18 471448
7P A2E AR ERJslg

ME W oy

o3 U Y

o A {AAe] #2YE S8} Strepromyces
coelicolor A3(2)2] M %& M145 straing A8}
(943 John Innes Institute, Dr. Hopwood %)
Hopwood %9 wWi(8)22 & ¥XAF YEME
u} 2] (0.3% yeast extract, 0.5% peptone, 0.3% malt
extract, 1% glucose, 34% sucrose, SmM MgCl,-
6H,0) of PEste] 30°C AedufdrloA 120 rpm
o2 297t vj}slge}. E coli®] genomic DNAY:
MG1655 strainol 4] ¥2isislony, gaashe ¢
d58< E coli DH5aE *H8-3413 Luria broth
ola 37°C2 wigslgcl
DNAS| 2| N

Streptomyces genomic DNA2] #2]+= Hopwood
9] W (8)% T3t ARg-st XA A77HR
viebgt -F M2 2.500 rpmoll A 2087 ¥4 ¥elsty
FU¢ ¥ TE st389°s @ Ax g4 4
Halsted oF 1g9 FAF Smiel TE 38
PG & lysozymes 20 mg/mig] FEE 30°C
o4 1X17 A&Hctk 0.1 M EDTA. 0.2 mg/ml
pronase, 1% SDSE HMeldle] 37°CollA] 2417k o] 4
WAl ¥ HE/E222XE FES ¥ E/olojio}
Uada s 358 WHEsled DNAE Hejdli oxt
+32 A%k HE Y433t RNaseAF: A
2lgk £ ofA] AL TE) 5o 4°Cel] w@sleich
E. coli genomic DNAE ¥2]3}7] ¢35t 100 m/
LB wix]ol A wiek3t AEE 2000 rpm <A 2087
gA¥g ¥ 5mig 50mM Tris-HCl (pH 8.0),
50 mM EDTA £ &etste] ~20°Coll A 3087
d%c}. Lysozyme £ [lysozyme 5mg 025M
Tris-HCl (pH 80)] & W= A 4oy = F,
dgof as¥7 Pl STE[0.5% SDS. 50 mM
Tris-HCl (pH 7.5). 04M EDTA] | m/®} pronase
(1 mg/mNE ¥ oS 50°Col A 1417} ubg-A17c}
DNA2| AAE S coelicolorst 4% wpfog
ateic}. FebAv]= DNAS] F2l& alkaline lysist}
()€ olgstdi d47iMd9 AAHE 913 DNAE
PEG 44 (9)& o143t Halslgc)
PCR
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Fig. 1. Design of factor specific primers from amino

acld sequences conserved among various o
factors of E. coli RpoD family.
Conserved regions in sigma factors of E. coli
RpoD family were shown as described by
Lonetto er al. (10). NC represents noncon-
served region. Alignment of amino acid
sequences of 7 ¢ factors corresponding to
regions 2.3 and 4.2 were shown. Sequences
with upper asterisks were used to design the
primers shown at the bottom.

TACGCSACYTGGTGGATC 3¢} P2 primer (23
mer: 5 GATCTGSCISACSCGCTCSCGSG 3 )=
Oligos Etc. Inc.2} 7] 23} 8ted 72 YA E] o] F-F-3}o]
A zbsbgdc} (Fig. | 3Z). Michael (12) 52 uhol]
w2} Taq DNA polymerase (KOSCO)E AHg-8le]
E. coli®} S. coelicolor®] genomic DNAE F3o2
&tz M2 P1 34 P2E primerZ 3l PCR ¥H-8-2
Fosigdc}. # 100w $3) 2 genomic DNA 50 ng,
Pl primer (250 pmol)¢} P2 primer (250 pmol) 7t
24, 10XTaq polymerase buffer 104, 2mM
dNTP 104, 25mM MgCl: 64, Taq DNA
polymerase (lu/d5 ) 143 &Y F DNA
thermocycler (Perkin Elmer)el 4 95°C 1%, 40°C
&, 72°C 14 3029 2702 30575 uHg-A| 7tk
ZZ3 DNA<l Sl nuclease®} Klenow DNA
polymerase® |3t ¥ wgdog wtE ¥ T4
DNA ligase (Boehringer Mannheim)& A}§-3}4
Smalo.2 A pUCI8Z} A A7) w8 3
3 WE electroporater (Bio-Rad) & AM4-3l4 E. coli
DHS5aol A A ¥ 555 DNA 8¢ 7z
e 8¢ Fehldc
DNA 7|9 3

Sanger?] dideoxy-chain termination #H2 At
L3}¢c} (19). £ % A8+ Sequenase version 2.0
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kit (USB)& AH&-3kairt.
Southern hybridization

Atk APALT 212 DNAE 08% agarose
Ao 4] B7AET F 025M HCl 404 1587
depurination3}3Z (genomic Southern®] 74-¢). ®HA
24 (0.5M NaOH, 0.15M NaCh#} Fs}gel [0.5
M Tris-HCl (pH 7.7). 0.15M NaCl]el| 4} ztz} 30%
#}2]&t ¥, High Bond N membrane (Amersham)el]
AT Ex ZARYEAAE  o]fsted  FzbrjFc
DNA7} $2t%l membrane2 2XSSCE 5¥7+ #&
¥ & %e UVE crosslinkdlgdch d2 #3148
7 Helgt A& 60°Celld @l hybridizationel]
=y AH4-817] % s}4dct Oligonucieotide & HH o2
AHe-g A9, [+"PJATP (Amersham)2} T4 poly-
nucleotide kinase (KOSCO)& o438l 5 wehg
X x8l9] 3. size marker2v EcoRIZ} HindIIZ
Ay deolx] 1 DNAE [a-"PJdATPS} Kienow
DNA polymerase (KOSCO)E ©]43}e] 5’5} 3" ¢
g FAsle sl B4 DNAS EAo&
random primer 2}, Pl £ P2 primerg Klenow
DNA polymerase® A% sl= S AH3-3lich
#u]sl membraned hybridization tubeel] ¥,
prehybridization 44 (6XSSC, 05% SDS. X
Denhardt’'s solution. 50 mg/m! herring sperm
DNA)ol| 4 42°C= 24|17} E<} prehybridizationdt
% Ex% DNAE 10°cpm/m/d] F5& H7lshed
oligonucleotide ®32] 7% 42°C. 500bp °]4+9]
DNA =39l 9% 50~65°Cel 4 hybridizations}
ek #4d DNA &39] 2% 100°Cell A 387 7}
ogslo] Alg-3teichk 16~184]7} hybridizationd ¥
Abgoll 4} 2XSSCE (5% 0.1XSSCE 5% A% A&
% autoradiography& &}gich
Genomic sublibrarye] ®ZEX 9 229| My

S. coelicolor?} genomic DNAE PwullE Akt
F 08% agarose Aoll4 J0VE 144]7F A 7)d5g
% 35kb &L o Imm FA=R2 Hehdo] gene
clean (Bio 101)2.2 £% 33, Hincll2 Axlslod
dephosphorylation4] 7] pUCI8el 3% ¥ E coli
DHS5aoll ¥ A gstdct. X-galf Alell4 IPTGR
fEslol AR e FZUE LA TH wiAe
o1& nitrocellulose filter (Gelman)} EchE LA
LA wf Aol FAlol ol 37°CollA] 1447 vkt
% filtere &2 hybridizationel] A}-4-3l3. o}l&
wjzloll 2}t FRije 4°Co| dabsldcl Filterg
WALl (1.5SM NaCl. 0.5M NaOH)el| 5% Z3}
LA [1,5M NaCl. 05M Tris-HCl(pH 8M]ell 5
B &2 F 2XSSCE 5387 ol 3 =@ 80°C
o4} AFAehz 2417t F<b FHck Filterd 6X
SSCeoll 5¥-7F thir F. prewashing £ [S0 mM
Tris-HCl(pH 8.0). 1 M NaCl. | mM EDTA. 0.1%
SDS]& ¥i 42°Cold 1417k MelF5L prehy-
bridization &% o] 42°CelM 2417t prehy-

KOR. JOUR. MICROBIOL.

Fig. 2. PCR amplification of E. coli and S. coelicolor
genomic DNA with o factor specific synthetic
primers, P! and P2.

PCR products from S. ceelicolor (lane 1) and
E. coli (lane 2) genomic DNA were elec-
trophoresed on 1.5% agarose gel. Lane M
contained Pwvil digested phage A DNA as
size markers. Amplified band of appro-
ximately 480 bp was indicated by an arrow.

bridization® . ®HE ‘Fo] 55°Celd 1847
hybridization&}gict. Hybridization Z#ts} 4°Ce
B Fold £2UES vlwsled wale] Ags}
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Fig. 3. Genomic Southern hybridizetion analysis using
486 bp rpoS fragment as a probe.
A. E. coli genomic DNA digested with Kpnl
(lane 1) or Pvull (lane 2) were electrophoresed
and hybridized with P-labeled 7poS frag-
ment. Lane 3 contained EcoRI/Hindlll diges-
ted phage A DNA. B. S. coelicolor genomic
DNA digested with Pwuil (lane 2) or Sail
(lane 3) were hybridized with the same
labeled probe. Lane 1 contained the un-
labeled probe itself. The sizes of marker
DNAs were shown by arrows on the right.

MG1655%t S. coelicolor MI1452%-¥]  genomic
DNAE #83lod Pl & P2 & primer® AH-31od
PCRE F#310e . <l4=d 480bp Hx9
DNA7} F HgelA 27 S5 (Fig. 2). ol &
E colils 3%% DNAE 59 U= & +
pUCI8ol 2248t Fehdl g 89 47X e
244 Az olv] 4R rpoS (13)9] 466004 951
7t7] 486 bp] A7) A3} s E AAge] WAL
23 PCR 44182 2248}x] 943 Asymmetric
PCRE E4 e <tE & Ay A7|AMd e &
A81ol& wW. rpoSet mpoD2l d71Ade] =% #A
sgded, o] AAZM E colidld $E%Y DNAE
rpoSet rpoD S AARZYEl FaAlg AYE & F AUk
S. coelicolorol ] Z%% DNAo] dig ¥4 43
312 sporovt. EA® hrdd. hrdB. hrdC. hrdD
Wz HE] 22 DNAE 25 23 ezt
Yz}
E. coli® oS FME O|2#t genomic Southern
hybridization

PCR¥& %8l E coli2 ¥¥ Z%se] Z2vd
oS AWML olg3lo] E coli®t S coelicolor]
genomic DNA$} Southern hybridizationg 5383}
o). E. coli®] genomic Southern hybridization®l|
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Fig. 4. Sequence homology of the cloned S. coelicolor
putative ¢ factor gene with other known
bacterial genes.

A. Restriction map of the cloned 3.5 kb Pvull
fragment from S. coelicolor. B, BamHl; S, Sall;
M. Smal; H. Hincll.

B. The regions of determined sequences and
their nucleotide sequence similarity to other
bacterial sigma factor genes. The regions
where the nucleotide sequences were deter-
mined in subclone pBH2 were indicated as
black strip. Regions of homology found in
several bacterial sigma factor genes were also
shown as black strips.

AE rpoS TRl siFsh= 3.2 kbe] Pull BH3}
23kbe} Kpni BHo) gye] Agshe & 3t
odch(Fig. 3. A) 9. 54 SY2E S coeli-
colore} A} genomic Southern hybridization& 43§
59-¢ o, 3.5kbs} 20kbe) Pl R, 34 kbe}
1.5kbe] Sall @Ml FAo) Agsh= Ze B3
it} (Fig. 3. B). ol oivwl ¥R hrdd, hrdB, hrdC.
hrdD (15) &+ whiG(1)%h= & =Z7]9] DNA
bandel] SFsteg N2E o A2 FHRY 7H5Ad0]
EA g}
S. coelicolor 3.5 kb Pwull P B=2Y

S. coelicolor\ A rpoS A% Agtsh= Fo19
Puell R F 35kbe] DNAE 243k S
coelicolor M1452] genomic DNAE PwllZ A4
st H7]d 54 £ 35kb 912 DNAE gel28-¢
Helalod Smale g A pUCI8] «dZsx E
coli DHSaoll 824 gstod. DNAZE A€ °F 600
el HAHBAE Y22 mpoS AAE FHU2E
224 hybridization® F#stgck 1 Ak rpoS
Aozt Agshe 3.5kbe AIAE M FAY F
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Fig. 5. Multiple alignment of nucleotide sequences of
S. coclicolor o factor genes in regions 1.2 and
4.
Partial nucleotide sequences of pBH2 (MSIG)
and five known factor genes of S. coelicolor
were aligned. The boxed regions represent the
same sequences as MSIG.

2% Hohlx ¥ F&
Kpnl 52 APaso o
Az $d FEo2 Yy
ole} =jdsledct
pMS19} EIiMYE 24
pMS1& o8] Agiarz dxksled Pl P2 2
rpoSAHL &R 2 2 hybridization 3k3< o). Al
&3 2% 1.0kbe] BamHI/Hincll BHe| A5} sh=
RE a3z File] Ags= 1.0 kb2 BamHI
/Hincll ¥H& & Agarz Hghsk pUCISe
subcloning®t ¥ (pBH2). d714de #439dct

o Wil BamHl, Hincll,
g gt ofAbE wlawal R
g|glen o] 8% pMSI

HeBA%? RERERe

WhiG

Fig. 6. Muluple alignment of amino acid sequences
of S. coelicolor o factors in regions 1.2 and
4
Amino acid sequences translated from
partially determined nucleotide sequences of
pBH2 (MSIG) and five known o factors of
S. coelicolor were aligned. The boxed regions
represent the same sequences as MSIG.

A7zl BamHI A 28E oF 150 bp. Hincll ¢
2 24E of 280bpe] H7IMRE AAsAY . ¥
Aoz 9wz f7jMd g BLAST 22a3¢ o
a3l PDB. GenBank, GBUpdate, EMBL,
EMBLUpdate2] data library®} »®lindte] fARRE
A714d % olule4t MdE 7 FHAES 24
slodoh.  ZAMER  griMde 7jEd e
Streptomyces?2] 2 o A&} SynechococcusE2
rpoD1, Pseudomonas aeruginosa rpoDA, Stigmatella
aurantiaca®) sigA. Anabaena®9) sigdA 3 =<
ARG veliod ofulxAl HAL E colig} B.
subtilis® LZ A% B 379 o QAETH FAHRE
7108 uts| M} (Fig 4). pBH29 BamHI $1#] Zo]
otuli 4l Medgel N wetel] #jddh=dl, BamHI
$12] Zoll M d71xede] AR <k 100bp FE7}H12
B.olel sldsh= -&ol9. Hincll ZellA |7 do|
AP S 415 42 ¥l it 41 ¥9ie
Hincll $12)e4] 2} 280bp $1ZA] Alz=le} 105
bpel Aoz EAME, region 42% 130bp Hxe
Zolof} sipgtet. Hincll $1xlollA] oF SObp $1Zo)
stop codon (TGA)°] &3}, stop codon®} 66 bp
%ol P2oll sidehs d7|Mdo] HxE ok 2
9alel driMde P29t shle 7wt Aestx
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2% dAstsict BamHI 2|8 $¥-E-L o AAE
Zre] Mol BEHA & 1.1 Yo s L8
2.8 pMSi9] 0.6 kb BamHI/Hindlll ¥ (HindIll
AxE vector W¥ol EM) & subcloningdied
ldg ¥4 stgod fAE dr1Adg S &
AzHE data library248E Sohllx] Rajgdr) o]
fraate] 2rt 9 AAPIAIA Bl dE ARE
7] fisiMe pMSI inserts] LA Hrjxde)
Ao} o] Foizio} & Aelch Frisde] AAH 1.2
9} 4 2319 G71A QY ofu)ial Mg o|v] U
S. coelicolor®] T} 7VA o A} (hrdA, hrdB, hrdC,
hrdD, whiG)s} v) 28] Hstch whiG2] 7% region
1.2€ A9 BEEY] UA] govs 12 9] v
ofMe Mesigid). grixde] 734, pMS!I inserte
hrdA, hrdB, hrdC, hrdDS} 12 ¥-8lolA z}zd 80%,
67%, 67%, 65%, 4 F-Hol A= zHz} 78%, 63%, 60%,
57% 9] & $AME Ho3 whiGshe 51%2)
A& B4} (Fig 5). olelxAl Mde 3, 12
9)o4 = hrdd, hrdB. hrdC, hrdD%} pMS! insert7}
z}z} 88%, 56%, 65%, 62%, 4 §-9) A+ hrdd, hrdB,
hrdC, hrdD 3 whiGSt Z+7} 75%, 52%, 37%. 36%,
4U%e FAZE 2o, 7] M9 olvlx4t M4
25 hrdAst 7V fARE o2 Jebdr}(Fig 6).

19 Axz ¥e, ZF3:Y" pMSie] S coeli-
colort] MEEF o AA FHAE Tz oz
Aztele], fAE 7] M9E Hol: hidd. hrdB.
hrdC, hrdD $3+¢] ORF =717} 1.0 kb o4 1.8 kb
Axal 21& nejEd o] 28 ulo] AT FAAL
E§so] glorlel YA AG #4¢ B e
e fARe] A Fr)MdE Hjo] Wasi)
£ @a7ix] o] FolR PriMd ¥ Azl o
e 22499 o A2 F-HA7} E. coli RpoD A4 2
o 3 FHze} ¥ FAMIE BeolAet RpoD A
do) g AR FAzA AN FEHE Jeh= BamHI
A 22 (Pl AFA=] o] ER)7) 2482 &
£ HolHe sixlx gt e AL AFE
F&lo] o] fFAzlel] Y B} AT HRE ALY
o Holn o] FHAl g Eodiolxe fx Y
o] fAALe Axulelrel s Udd 5& Fa 7
Sl #9E Ax¥ dlAelc)

LAl

S. coelicolor M145 #3§ AH53¥ Hopwood i
o} £ =F9 A7l 2AE FA H4FY a2l
sk 2 dFe dEaed S5drAy
(Mgt Fapo| g EAFAE)] dpn] A
9l F8sdct
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ABSTRACT: Cloning of a hrdA-like Sigma Factor Gene from Streptomyces coelicolor A3(2)

Hahn, Ji-Sook, Eun-Jung Cho, and Jung-Hye Roe* (Department of
Microbiology. College of Natural Sciences, and Research Center for Molecular
Microbiology. Seoul National University. Seoul 151-742. Korea)

A gene coding for a novel putative o factor of RNA polymerase has been identified
from Streptomyces coelicolor A3(2) using Escherichia coli rpoS gene fragment as a probe. The
486 bp rpoS gene fragment was amplified from E. coli genomic DNA by PCR with two
synthetic oligonucleotides. the sequences of which were deduced from the amino acid
sequences in the regions 2.3 and 4.2 conserved among various bacterial factors. When E.
coli genomic DNA fragments were hybridized with cloned rpoS probe. only one band
corresponding to rpoS gene (3.2 kb Pvull fragment or 2.3 kb Kpnl fragment) was detected.
In 8. coelicolor, however, two bands were detected both in Pwlil digested DNA and Sall
digested DNA. 3.5 kb Pvull fragment which binds the rpoS gene probe was cloned (pMS1)
from the sublibrary. and the nucleotide sequences of 1.0 kb BamHI/Hincll subclone (pBH2)
was partially determined. The nucleotide sequences revealed extensive similarity to other
o factor genes of S. coelicolor (hrdA. hrdB. hrdC, hrdD). S. aureofaciens (hrdA, hrdB, hrdC,
hrdD). Svnechococcus species. Pseudomonas aeruginosa. Stigmatella aurantiaca. and Anabaena
species. The nucleotide sequences in regions 1.2 and 4 were compared with the
corresponding regions of 53 known o factor genes of S. coelicolor by multiple alignment.
It turned out that the cloned gene is most closely related to hrd4 showing 88% amino
acid similarity in region 1.2 and 75% in region 4.
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