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Studies on the conneting the intracellular and
extracellular mediators of development in antibiotic producing
Streptomyces species
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SUMMARY

For many years, the two laboratories (Keith Chater in U K and Kye Joon
Lee in Korea) have been working in parallel to study the regulation of
secondary metabolism and morphological differentiation in streptomycetes (the
bacteria mainly involved in industrial production of antibiotics).

The K. Chater laboratory has focussed on a genetic approach using the
model organism, S. coelicolor A3(2), and the Seoul laboratory has exploited the
more favourable physiological properties of other streptomycetes that do not
have well developed genetics. In this proposal, we aim to bring our
complementary approaches together to achieve greater penetrance of questions of
mutual (and general) interest. The proposed studies will focus on the regulation
and roles of extracellular proteins that are associated with, or causally connected
to, sporulation.

These have been studied in K J Lee laboratory two organisms: S.
clavuligerus and S. exfoliatus , which has the special feature of undergoing
submerged sporulation, and in which extracellular proteases are associated with
sporulation; and S. exfoliatus, in which two extracellular BLIPs (/8 -lactamase
inhibition proteins) have been discovered, one of which is essential for aerial
growth and sporulation on solid medium.

The aim of our study is to relate these extracellular phenomena to a more
global analysis of the intracellular genetic regulation of morphological
differentiation that has been carried out at Norwich using S. coelicolor A3(2).
From this we hope to gauge the extent to which the phenomena being studied
are species-specific or of general relevance to the whole Streptomyces genus.
The experiments proposed will include the following. The objectives of the
current

(1) Insertion of the S. clavuligerus and S, exfoliatus genes at single copy
into a large collection of S. coelicolor developmental mutants to evaluate the
dependence of the transgenes on the S. coelicolor developmental regulatory
genes. The production of the extracellular proteins will be monitored
immunologically. The mutants to be tested may include those with
sporulation-specific blocks (whi mutants), and those with blocks that affect both
morphological development and secondary metabolism (bld and relA mutants).

—vi_



(2) The analysis of S. coelicolor genes, related to the S. clavuligerus and S.
exfoliatus genes that are expected to emerge from the ongoing S. coelicolor
genome sequencing project. These genes will be analysed by disruption and by
transcription studies at Norwich, and biochemical analysis of extracellular protein

production using the fermentor facility in Seoul.

The planned collaboration would involve two visits from Korea to UK for
the performance of genetic experiments involving S. coelicolor, of a total
duration of 6 months, and one visit of Professor Chater to Seoul for the purpose
of on-site evaluation and planning of work in K. J. Lee laboratory involving S.

coelicolor.
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1. Stringent response®] 7} &
Stringent responses AlToll A olulxAlo|t} BiaYdo]l mzE uwf {FAAY W

S ZASE YT FL 71Fo)v (for review, see Cashel, 1996). 401d Zoj
O &4 NI Escherichia coli (Stent and Brenner, 1961)olA & #3dH o]
712t ool udd A ZoA rRNAY A ZAe ofn it A FAAY

o

93}, stationary sigma factor$] 0°2] 243 53 & AYUE AAA HIEE 5
A YA (Gentry et al, 1993). ©|# stringent responsex (p)ppGppehs
effector molecule®] #4428 %3] w7}l B} (Cashel and Gallant, 1969).

it
S

2 relA/spoT homologues? ¥
E. colilAE 2719 d@# o] (pppGpp A FHFHS Qded, shves B s
Agste] olp A AFEAYLD o ofrj=Ato] gl tRNAE <A18tY (p)ppGpp
g3+ RelAo]l i (Hasheltine and Block, 1973), th2 dhvb= Axd oAl
SpoTZEA (Gentry and Cashel, 1995) &4 ¢ 14 (Hernandez and Bremer, 1991;
Murray and Bremer, 1996) && A|%4k 17 (Seyfzadeh et al, 1993)3 &Y o
(p)ppGppE F44 Ttk SpoTE %3 (pppGpp #31 7Is%= &A1 (Hernandez
and Bremer, 1991; Murray and Bremer, 1996). ol ¥l E. coli9] RelA$t SpoT+ =
& AEA wi#o gene duplicationdl 93] e FHAZEE AAHHATE 7HA
o] AYAA HAY (Metzger et al., 1989).

E coli$v= ©WEA  Bacillus subtilis (Wendrich and Marahiel, 1997),
Corynebacterium  glutamicum (Wehmeier et al, 1998), Mycobacterium

M 2

tuberculosis (Avarbock et al., 1999), Staphylococcus aureus (Gentry et al., 2000),
Streptococcus equisimilis (Mechold et al., 1996, Mechold and Malke, 1997),
Streptomyces coelicolor (Chakraburtty et al., 1996; Martinez-Costa et al., 1996,
199R8), Streptomyces antibioticus (Hoyt and Jones, 1999)%F Z& o# 1% <4
e oA dve reld/spoT paralogZ7t &A%t o] @¥ide (p)ppGppdd &
B3 A48 FA 7FAG o]& relA/spoT paralog FA A EdAwol7 AR

A thekst Aead 48S ®wo Foh. B subtilisol A relA/spoT F+H*7F A
£ 3L ofneat 23 MFol 1 (Wendrich and Marahiel, 1997) oo 2} 3}
24 W oFy FRAte] ¥de]l A9Et (Eymann et al, 2001). Mycobacterium

tuberculosis® rel EAWolE W FA AdHdA AEEo] A3 Holln
(Primm et al., 2000). =3 Streptomyces relA EG WMol &4 A A 74, I



w3 A 53 2 UGS woFo} (Chakraburtty and Bibb, 1997).

T7FA ok Aol Al RelA/SpoT homologues?t @Y o) &
RelA/SpoT homologues®] o}v]i=2t M E& 7|22 phylogenetic tree® ZHA 8o
(p)ppGpp WAbel #H#E A9 Wy A3y @A} g o] AAHY
o} (Wendrich et al, 2000; Gerhard, 2001). ® WA= 714 Zx7]q o=
RelA/SpoT homologuesZH8 #EHo] Uy a2Fo=2 g@ihd ZHo] ofd ofux
A e dASt (pppGppEs #A St o] @¥idS (p)ppGppEs EI A=
gt EAHSE E colifl RelA7F 3 ¥71WE RelApeon ® 30 =
o 4 M Bacillus/Clostridium 3} actinobacterial® Rel &<
(P)ppGppE oFv]=4td} ©aelo] nAHYE o (p)ppGppE HAE3tD EE
€ (Mn*)& RFAXZ (pppGppE EalE 5 Utk #7]%W RelAth4l Rel2 stk
upRA 22 E coli®] SpoTE Ui HE 2§07 olulxit unzto) oiyd a4y iz
€ Ak (pppGppE P48t E£F Fhole (Mn®)E BEAXRZ (p)ppGppE
el gttt 712 SpoTren® FHTH

Rt
(e
2
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3. Escherichia coli RelA @9 Ao 7] A

E. colifA C-deto] thokdtA A AE RelAS Pue promoterZd shol| 2+& Al
AA RelAe] Tw|Q ZALE &9t} (Schreiber et al, 1991). 1 A3 Ax Zole
RelAv @B Z2%et9 (pppGppE FA AT C-L o] AAE RelA (ohv] =
A IHE 455 #EF AdsA] &3 (pppGppE #YSol A EHT. =g
ol a5 FTZAE vl (dzy], 758)2 AAdole RelA (¥H7], 24 7H5-E 34

T Eagdol A gttty olo] wel E coli RelA¥ 715422 (p)ppGppE
9 dot 2ol (obr 4t 13 455)7 RelAd @48 =Ese C-¥¢
A obn| :e At 455%E] 744), & 2749 ME & Tuclog FAHIYL] ¥
Atk 281 HZo| RelA9 C-ga =vldl (o}bm| 4l 4555 E 744)0] A3 &2
T (DppGppEdd 84S =dgo] w3 (Gropp et al., 2001) ofv]x=4b 4553
B 538, oln| 4l 550%-E 6827} RelA9] o] @A Aol #odstm opm it 5505
632v B HFT Aol 2ZHgsto] ZALH ST (Yang et al., 2001).

t

4. Aol A RelA/SpoT homologues @M Ao 7|5 A+

Eold oz 1 UM Ml Streptomyces coelicolore= 3 Ao FHe A=
O& relA/spoT homologues”7t &A%ttt (Sun et al, 2001). 2L % 3¢l RelAE
ofvlmAal 84770, EAF 942kDael ©@WA=R  vjEe] ¥z RelA/SpoT
homologues®} ¥& FAMAH S zZrE=th (Chakraburtty, et al, 1997). S. coelicolor
RelA= AE7-A A58 wlol] o3t @7|M QR of e} 7|5 ozr & 1
g FAdTe RelA/SpoT homologues® BlE& Tt & S coelicolor RelA:E



(D)ppGppE4 58-S AYil Q3L (Chakraburtty et al., 1996, 1997) E. colio) A &
d495 W (pppGep X TEHF  (pppGpp 4ol yehgd
(Martinez-Costa et al, 1998). ZL&]al S. coelicolor relA®] EEQ LA
hygromycin. 2 thAlgr Ed®¥e]l @5 (M50)E BFA4TF (M600) Aol 3l
A Zpols Hol RItgoy Ha A Aol (pppGppAAtdt A AP
< A 3Tt (Chakraburtty, et al, 1997). ® D& reld/spoT homologues
WAL rshA (relA spoT homologue)Z S. coelicolor genome sequencing project
(http://www.sanger.ac.uk/Projects/S_coelicolor)& E3 ¥ %t} RshAE o}m| Ak
72170, EA# 784kDa2] @M AR S coelicolor RelA%t 42 % o}v] Al A=A &
Aty Z1eivt RshA9) (pppGppdA 583 (p)ppGppEdl 582 EAstA &gt
o (Sun et al, 2001). H ol S. coelicolorst §A&8HA S, clavuligerus® 70 €]
relA/spoT homologues’} €A 3to] genomic libraryE ©]-&3F shotgun methodol
st WK (Jin, 2002). 2 5 342 RelAE obvliat 843708 o] FojA 9dx
Aol 93.3kDaSZ S coelicolor RelA®t 90 % ofvuj=At AE4S ®lTh =
& styE SpoTE oAt 7387, 23 78.8kDal @ S. coelicolor?] RshAS}:
63 %9 ol xat AEALS HU w3 J|=Ho 2% S coelicolorsy SAFEHA
hygromycin® & relA WHF& X &3 S clavuligerus SMF387 (drelA)olA =
(PppGpp7t HAHA] &2 WM gpramycin®® WEE X8 S clavuligerus
SMF3815 (dspoD)ol A= (p)ppGppd %o) AL AATFE FFo 7M7Y o g%
S. coelicolor$t S. clavuligerusoll A= Eo| A o2 T8¢ relA/spoT homologues?}
AT 28y 2 F RelAwo] (p)ppGpp Akl #3 7150 whalxd wid S
coelicolor®] RshAWY S. clavuligerus SpoTe 7]1%& ofd w3 FHE Aert
ok,

5. Streptomyces clavuligerusol X JAEA AJA ZAHAAR ] A3 AF
Streptomyces clavuligerusol A SFAA AFAH 2d FHAAE ccaRP claRke] &
Agtt (Alvaro et al, 2002). ©] % ccaR€ cephamycin FXAZo] &3] gz
cephamycin, clavulanic acid, non-clavulanic acid$¢! clavams®] Ao P42
FrAAelt}y, 18] CcaRe Actll-ORF4, RedD, AfsR, Dnrls 9 XA A =
d i Ay {ARE FFE BT (Barton et al, 1995 Walters et al., 1994).
ccalR®] 574¢ EY¥ U2 2AGNAT usA FAA A Aol AArgo] =
bkl T3 ccaRE eraok 9 E A) 7)1 cephamycin® clavulanic acid®] AAbEFo
2-38) 78t ccaR B4 5= cephamycin® clavulanic acid® AAFsHA &
t}. (Perez-Llarena et al., 1997) ccaR# B8t Al claR% clavulanic acid A3/ o
Hodste 348 243 (Alvaro et al, 2002). 4HlE claR ©] AT FAAME
clavulanic acid7t A=A &skth B FAA JGEA I ofn it NEAdEA A
of WEZH ClaR& Y& transcriptional regulator (LysR)olA @7 E

2 o

= rSL'

rl

ir



helix-turn-helix motif7} C-¥to] Qo (Ashish et al, 1998) ©]¥ claR©]
regulatory gene¥ S Ho]F = dr7F vk 28 o)¥ A WA ZHEJAAE]
olw gcle ofs) @93Ea A e 2 LA b} ok

I S coelicolor®] A AATAE 2HAAI actll-ORF4$} redDe] AL
of A AH7IZRE HAAVIZ ¥ate 94, F (pppGppe EF A 7] AA F7}
ghtbe AFA 3 (Strauch ef al., 1991; Takano and Bibb, 1994) (p)ppGppE A 34
12 Rale relA AETTQ S coelicolor M5700] AAY mz Ao A
actinorhodin® undecylprodigiosin®] AAF& FE3ttE AME S (Chakraburtty and
Bibb, 1997) (p)ppGppet @A AFA Ateldl BHS @AV USE o9t} o
Fol S coelicolorol A A=A 74710l A EoM l5FZ2E RelA v dS oAy
el s W (pppGpp7t A H ] FAA AEAH 2ERFARAY actll-ORF49] HA}
He 1S wASFI T (Andrew ef al, 2001) B3 o]y AAlE Eyl=
(p)ppGpp2t RNA polymerase beta-subunit9t9] #FAo] 2lsiddo] @ AT (Xu
J., et al, 2002). °)2A (p)ppGpp7t FAA AFAHES 24d= 8¢ F YR o

2H2 FAA ARY 2HAA ] HALDA A o] Fojxitt,

6. £ A9 53H

2 AFoNAE S davuligerus® RelA9t SpoTe 7l%& wdlaxt S
clavuligerus SMF387 (drelA)¢t S. clavuligerus SMF3815 (dspoT)el HHE3IE
WSt (pppGppE A FEATt. adxn S cavuligerus ATCC27064, S.
clavuligerus SMF387 (4drelA), S. clavuligerus SMF3815 (4spoT)E 3| & wj sl
(pD)ppGppet clavulanic acid®] AEA Alolo] UHI BAZ ASS . =3
E. coli RelA7} C-2& (ofH| w4t 4555 €] 744)9] 4348l o] oA E o] F
HA G484 S 2430s WL 7122 Fo S davuligerus RelA9t SpoT]
43285 Yeast two-hybrid systeme & FASIGT. 28l S cavuligerus
RelA9t SpoT9] At 4& zAE7] HaiA FHAAM RelAd QRE (o}u]xat
24658l 479)3 SpoTe AHFE (o}w] =4t 1804 € 390)o] th3+ polyclonal antibody
& AFedd. v g o2 S clavuligerus RelA9] 7152 AF7& Ya)x sl A
C-gdto] A AH RelA%t (p)ppGpp phosphohydrolase domaino] A A E  RelA,
(p)ppGpp synthetase domain® (p)ppGpp phosphohydrolase domain®] 2% A A=
RelAE ¢35 3sie HMHE A3t



A24 B-lactamP A EZD BFAHET A AAAR AF

1. Streptomyces exfoliatus SMF19¢] B-lactamase inhibitory protein® Q-7

Eol A 8% Streptomyces exfoliatus SFM19 (Kim et al, 1991; Kim et al,
1994)= % #5794 B-lactamase inhibitory protein, BLIP-13} BLIP-IIE A} At3s}o
o] BLIPs¥ S. clavuligerus (Doran et al, 1990)o] 4 AAsl= BLIPHE U, o] @&
Ki valueg H<lth BLIP-IS codingdts bliA gened® BLIP-IIE codingslte biiB
gene cloning¥ A3 E3 zkzte] gene¢] knock-out® Wo]#F7F A& (Kang,
2000) 5 itk BLIP-13} BLIP-II Z# i ¥ 2 %E knock-out A7l Blo|FFEL =

et bald FHE HAoH, dade T/ sxol we a1 B3l $Abe] gdax
71% sttt (Kang et al, 2000 old ZAE ngo g2 AXE o dwA<l BLIP-I
T+ BLIP-II7F WAdde] Rstell 43¢ S+ Aoz BzHoxn gloh £3 BLIP
o} mla7tx]l 2 BLIP-19] 49 #) aspartate% site-directed mutagenesisE 3+ 43}
o] zZt#]7} TEM-1 B-lactamase &4 A 3| (Petrosino et al, 1999; Kang et dl,
20000 Wl F2F AT 1 Yeo] ¥HHL X-ray Crystallography s F o
TEEAN ZFS BLIPS w9 {AMS 339 FRE zte g Aol wEth
BLIP-II¢] %% X-ray Crystallographyol ¢l&] 329 F#2%7} 2% (Lim et dl,
200DH AN FolHor o Fxt JARPENAN Esx o2 7 3749 B
~sheeto = o] F4X 7/ WEFEV AFL o)F FRE HAFUY. oA
- Zlsol thFd WD-40 repeatet FExH O fFAMEI wE 239 RCCI
(Regulator of Chromosome Condensation)™ 21 %9 GAIEE Holx= EAL e
R

2. BLIP 9% &%

BLIPs®] +Fx¢ &3 7|5& ol AL 7|&9 4z AEAF B-lactamase
mnhibitor (clavulanic acid, tazobactam etc)?} ©F& AE 9 drug designdl thd I+
of A ¢ Fo3th A, S clavuligerusl Al AArEE BLIPE o] &3 A
ook Ao e AFE T8 P-lactamase ANA AEES H3 peptide
design (Rudgers et al, 1999; Rudgers et al, 2001)o] o]Fojxli glom
site-directed mutagenesis® TEM-1 B-lactamasec] w3 BLIPS] A3 <AL B
-lactamase A #A%F AqA Y vl gL S M2 AL B-lactamase A 3 A <
AA 7bsAde AASAT (Schroeder ef al, 2002). o}k A7+ ZA o), BLIP ¥
BLIP-1#} v & Heold FxE
BLIP-TI9] A WellAe] 4% =
H} Bold gAY & HHE 5 goemg oA 334 5’:%” s EQE @

23 T

A} 2§ B-lactamase A 3l Mo 9lo W Fodcu &



lch. 2 5 A HAE, Yeast Two-Hybrid
system< @il A 7ke]l Az 28S A W (n vivo)dl A E F gdoE AR Asz)
o] ddEs @ e DNA g71AES Sz 948 F 2

3z

AoE & e AY
a9tk E$H Yeast Two-Hybride system®] A#A, F W& &8 aga #4&
AHER T8 GilE bl Fass HEShod ®ol 2olal JE VEHQ /&

ot}

T WAlE 2-DE¥ proteomics woFlld Y AMEEHI ¥ 7]|E2A, IEF
(IsoElectro Focusing)el] dojA #HaE A 4 U+ PG phor system
(Amersham, Co., Ltd)e] 7HdEHEA o2 HHAIGHJC. T3 H 2o Hgd g
gt mass analysis (MALDI-ToF, ESI Q-ToF) ol 23] peptide pattern®
sequence Aol JhEeldr] wjEd), XA genomec]l WEHZA ZH-$olE peptide
finger printE ©}&3to], genomeo] WA X ¥ H9-odE ESI Q-ToFE o] &3

internal peptide sequencingg £33t A v ko] thuwl 7“9] oful At E EXo] 7}

—

A
53 99tk 2-DES Foleld dutdow AgEE wEe AT A7
= gue] A&d Mo|TFE 2L 47 Azt 45S Asteld 2-DEE A3
Shol WAL WHE Hol: WAL Bste] YozA, $ert HuA st
4 awge gE o Fohyt ol

A AAEE, A4S @uMd FEeA o & U= WHeE GST Pul

flo
MU
_]II
I
1o

Down ®® o] 3ltd. GST gene fusion system FAE AMESHA] o=
G Baol detectione ¥ & Yy A Ho GST-tagged bait ©¢® A&
glutathione affinity gelodl L AA711 prey @ &-& columnol 85 bait @
A3 A3 Agste viAe] dwldg wau= Aotk

230
=

..I:.
2 r&
TR
Lo

=
o] #£32]& BLIPs7t ow st 7|5S ZeAE duld 4338 7
q3t=d lok BLIP-II$F +23 22 A RCClo] Ran“f} A
< T3 F2AQ WHEE F=3e] GTPase 4% 7HAA &o] R
(Louis et al, 2001), BLIP-1¢] 78‘—r TEM-1 pB-lactamase$} H| <23t "?743 AR
Penicillin binding proteins- 2] 448§ 7FgA Sl EuHAY (Lim et al, 2001).
T F FF BLIPs 25 H&@&sﬂ FeEstel] 9FE FuE, AHHoR B
HAHor T gwizde 3} = gz g AMsto g F ookl Ao] HAAF
yellAe 98 738 F Ude Aoz 7iysttt, WA, Yeast Two-Hybrid
3 3 BLIP-1IZES] 528 o7& &<l

rl
47 }Ot' )

_L
of

systemE ©]£3%



A F gl Ae A5zRo] 9SS g on AA genome sequence’t BHE Z
Streptomyces coelicolorg o] €3t cDNA libraryE Al 2Fste] A3z BLIP-I3
Heed Ao JgHE HZT 110y TR F3xek BLIP-II% 335488 A

o7 7Y E 579 FHAE ‘?:4012“:1 A4 Foll ot
BLIPs® 71%5¢ o A3 #3387 & b4 4328 HEE pathwayel
PHEg dwads #4238 4 ¥ Two Dimensional Electrophoresis (2-DE)E ©]-&
g | 24 e alAS AAste] characterization

stl A=, BLIPso] <]3] 2
& Aot} BLIP-1S codingd:= bliA, BLIP-1IIZ codingstE bliBE Z7Z; knock

|

outAlZl WolFFo} FAdF 9| 2-DES Al Wste] @@ MIIF 9l spots &
g, ¥48ted BLIP-1 z8]a BLIP-II9 7lsel d#d @¥ds A4 & A& A

o7 71dg
GST Pull Down A #o)| A+ BLIP-1&% BLIP-IIZ codingdt+ bliA, bliB A=
GST encoding o] 49ste] GST tagged BLIP-I, BLIP-1I ©+¥d& A3t
ol A& glutathione-resin complex®l] A3 A1zl F S. exfoliatus SMF199] @4
BLIP-1, BLIP-1I¢} 2324 st 9wz S pAastaz gk o2z o2 oy

EE% Z3H 07 Abgstoa BLIP-13 BLIP-IIY AZHH A1 4

ooz A We 438 By 7HE F ds A= V)

d

0.

>\1

=

b fol Y ofN R
>
fol
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N
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Al 3 A PCRUES o83 Streptomyces spp.9] A ER
A FdA9 disruption

1. Streptomyces exfoliatus SMF139] M X823} ZzA A o] #Ag Ag
s Zd AeAA dE RxEe] Jde mAs Jd T Uz A
AN FrlEde AedFg Aoz F43 FYEA, 54, AUTHEAES A
bebe Ade® o F84€ de 9wz gnh w3 874 Wt we Eolg
3 AAE AAW B3 A4 A gal A2 o)A Al A= AdAde] =
HotAl Aol dojA wlAES 87 Wato] he Ag 7% AFo] Fad A

BE olgH 3 drt

T 53] 4 A& Q = A" B2y, ¥7)
oleigt Fed E3tE FMEZ, pigment, 71E "3?‘/]%@%72 T 2
2HE 3} protease, cellulase, amylase, lipaseE ¥ &
b AR E3 @4 2gsA d#se Jdu (Kim and Lee, 1995A). 7

Léjﬂo}i_ﬁ_&i

]
AR substratumell A3 Bol A Yol B W VA2 RY Ay JFRe FF
717 AH A, Z1dArY el s T EdAbe] BE) AbEo] g o s AL o
o (Mendez et al., 1985; Miguelez et al., 1994). o]z]s W72 a2 &3
T3ele d@uld & S4Fo gEHo Yo WATY o)A Al vl R
Ao BAA dig A7Eo] APHo] skt (Gibb and Strohl, 1988; Ginther,
1978; James et al., 1991, Mendez et al. 1985).

Streptomyces exfoliatus SMF132 A &Al T35 leupeptin, leupeptin inactivating
enzyme (LIE), Trypsin-like protease (TLP)E xt#l2 A3} S exfoliatus
SMF13e] A et thiolAl @z #3 &4 (trypsin) AW EALS Acetyl-Leu-
Leu-Argininal (leupeptin), Acetyl-Ile-Leu-Argininal, Acetyl-Leu-Ile-Argininal®]
TE2E A lon ol#H e leupeptin® I FEAELS U HATFEZRY A
Hv} (Aoyagi et al., 1969; Kim et al, 1992; Kim et al., 1993). ©]# 8t leupeptin®
3 FEAE (]38} leupeptin)ell 98] TLPY AL As] v oW 2a) Fi9
Adede Mg 207 4% A7)d wg degH Aedel 2459 (Kim
and Lee, 1995B and C). && wj4A] TLPS AAte #Ao AAI ABsol Lo
Stom FFRo] nAHAA FA Y o]l WFa LIE7} AN AT LIES] A
bk tiEo] leupeptin®] 842 743 2AH T, leupeptin® FAo] AY A4AH
stationary phase @7]o| TLP2 &Alo] F73] Z7l5 vt TLPY &Ao] ZF7}s}
HA TAe FAZ lysis7t dojykon TLPE ﬁiﬂ Gl g o] shedaed Fasg

o=
o
L.

N



q&-g Tyt 1A Hok Al leupepting 7| ALY] AAAT AREo] AHHA
o, 7A@ A fri=d LIEA oA 2 #4do] &4ds 3 TLPY &40
F7VstH A 7] ARY] A Aol dojwtt) bld mutant® whi mutantE A @3t
E4S% #4% A3 bld mutant= LIES TLPE AT 4 gl9ley, whi mutant
= LIESH TLPE AAE & vk o dd Ze& A A TLP= #5771 4l ¢
Aol o229 7 FoAMY B dALE Eeste ikl v dAl A
I ASuFel Ay wg AdAS A JIES AFIE HeE FAHSATH

< A dAR 71 TAE A AE TAR A AAbE = TLPO] o) &
AHe= A Fo} F5 FE¢E ¥, LIE= TLPY &Aool Had 9 leupepting
astd TLPY &4¢] YeuA e 48 st 222 FA43AT (Kim and
Lee, 1996).

2. PCR TargetingS ol 83 {4 #H3H

AA Ao A EY ol go] shsadel
tUFst frdxel ORFE9 #4} ?19} zAg 4 F dA HAuo 1
o FHAY st E FEARle] FHAte] Ve ¥

3 e e ARE IS F 9
toHE fEA HAE FI GAA e FHAE SHste WYl Bol JidH
AATE, o] WHEL BF AAAZY Axgsty] ol HGE AMxd Frkin
ZE AA Aok st olgtE hERAH OB Saccharomyces cerevisiae™ 35-nt2] Al
el A} sl dE ZetolvE AHE3dle Y3dlE selectable markerE A
d A% DNAE PCR & & 7o ni2 2448 AlA §3x48 48 & o
th o] PCRE wiNg §42 g3 WHES yeastd] =& AXF £&& o|&d &7
= ]

old fxAe HPFH HIx Candida
albican®l A = 50- to 60-ntY] A EA A& Zgo|HE o] &3] yeaste} M5 W
Hoz AgHAY. ol oz B AdFS WFY recBCD exonuclease
W&o A3 DNAE A 3xz3to] = ¢x £t 221 A RED (gam,
bet, exo)7t EAE A 43 DNAY AZF v &S o =AUk o dFE N

w3t} Datsenko®t Wanner (2000)= Escherichia colil Al 36-nte] Aol 44|
o Adedel dE ZeolmE A&t ¥3hE  selectable markerE A "453
DNAE PCR &t RiFo AR A7l F AxHstd 4049 M=z HE
b A & T

oldd PCRE wi/fg #Ha ALY HES &
Fzvleety FAAZF e FE& 39-nt AA s FEd A ZelHE
selectable maker’} &) 3}71]%1 PCRE AEZ iAE 5 AUvh. EI disruption
cassette (39-nte] FMA <} 454 & Zeo]mE selectable maker7t EA3HA
¥ PCR3% A& DNA)dE orT (RK2)7} &A8t PCR targeted cosmid DNA
(disruption cassetteo] 98] Ax2gH FAv|=)E EHH o2 pUZRO0Z EetAT|E

F

:{o

Yol A Streptomyces coelicolor

Lo
og S

il



o Zg ofdl E colilX WAFOE conjugationd 4 Ut} Conjugatione
protoplastel]l &J& FHAHIRTG EQ ¢ TLFolal g B actinomycetesd] &
£ & Aok =3 AT methyl-specific restriction systeme ET12567% 7+
< methylation—-deficient E. coli hostdl DNAE A&doz A sAad 3= Qo)

3.8 A9 53
B AT glo]A PCR~targeting systeme ©]-&38te} S exfoliatus SMF139] e
TR B E w¢ gEHor Fygste 1 7)5S W=

...11._
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A3z a7+ e U A

A14 P-lactam FAEA AIA G2QAA Y A A

1. 9d7d&
o AFdAN S clavuligerus SMF387 (drelA)$t S. clavuligerus SMF3815 (4
spoD)® FEjR-sE ##5t3 (pppGppE A HF3 A S clavuligerusol Al RelA7}
(®ppGppdl ARAA F8 7152 T& wdld 283 E coli RelA9 C-%th
EEQl (ofPl At 4555 H 744)0] AT A Este o|PAE ol FUA TAHE 24Y
e AMEE ZAZR st S cdavuligerus® RelA$} SpoT A3 2H4-S  Yeast
two-hybrid system2 Ab&38te] ZAMEATH 1 A RelA9d SpoT A3 2Hgo] 7}
A sk, F HAEZ SpoT9 SpoT, Al HAlZ RelA9 RelA 408 A3 240
e gt ol A3 gEs B S davuligerus® SpoT7F RelA<]
(P)ppGpp &4 4] 28 & ZAow FAHT. 121 RelA% SpoTY 4% 24
=rdlE Zaz o RelAel C-Zdk =d ¢ (o} At 47438 843)% SpoTe)
Q1 (opw 4k 4134 E 738)0] 45283 #A Qo] reportert-AAE &

438t AJFA 7] Wil Yeast two-hybrid system 28 o] &7}55tsc),
1A 2} SDOT guldel gBE A seg A 98 Zhzte) g

=3k Re 3
AE AAsEAT. $41 RelAe] AR (obvmal 24678 479)% SpoTe A¥#
(obm] =4t 1805 390)4 N-Zde] sl2udris &9 E colidlx thZF8Asto
L@ & Fe FYste] dAg AHHIATG. o] YomRE FAHE HEd F
o] EH& FAR AEAT. AE FA S E coliFE hEAAE RelA

9} SpoTE western blottingdo. 24 &3t}

kARt e 2 S clavuligerus®] RelA @W Ao 7% AF7E 93 ogsiA C-2
wo] A A" RelA®}t (p)ppGpp phosphohydrolase domaine] #AAE RelA (p)ppGpp
synthetase domain® (p)ppGpp phosphohydrolase domain®] =% AAE RelAS
duststn e HMHE Azsido

2. 48 2 Ty

7b. AHS 75 2 Egave

B ATFodA AMEd 5 2 Eelav=E Table 1.3 Table 2.0]t} dub gl
cloning® $1% ¥F2 E coli DH5aE A}£319 1 E colidlA Trulad dfskgare
g #F 2+ BL2I(DE3)pLysSE AH&3t3ich. 18 il Yeast two-hybrid systemol
AM8-%F IFE Saccharomyces cerevisiae AH109 ©|th. E. coliol A A =38 A2

_12_



Table 1. Microoranisms used in this

study

Microoranism

Genotypes

References

Escherichia coli

DHba

ET12567(pUZ8002)

BL21(DE3)pLys

Streptomyces spp.

S. clavuligerus
ATCC27064

S. clavuligerus
SMF387

S. clavuligerus
SMF3815

S. clavuligerus
SMF389

S. clavuligerus
SMF3817

Yeast

AH109

F bdlacZ MM15 endAl recAl hsdR17
(ne my') supF44 thi-1 gyrA9%
AlacZYA agrF) Ul69 N

dam. dem” for methylation—deficient DNA

manipulation

F" ompT hsdSB (rB™ mB') gal dem (DE3)
Lys

clavulanic acid and cephamycin producer,

wild-type strain

rel4 disruption mutant, Hyg'

spoT disruption mutant, Apr

disruption in reld; complemented Apr'

disruption in spoT; complemented Tst'

MATa, trpl-901, leu2-3, 112, ura3-52,
his3-200, gald4, gal804, LYS2:
GALlyas—GALIlrata-HIS3,
GALZ2uas~GALZ2rara-ADEZ,
URA3 MELlyas-MEL1 rtara-lacZ

Hanahan, 1983

MacNeil, 1989

Novagen. In

Nagarajan
et al, 1971

Jin, 2002

Jin, 2002

Jin, 2002

Jin, 2002

James et al., 1996;
Holtz, unpublished
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Table 2. Plasmids used in this study.

Plasmid Description Reference
pUCI8 E. coli high copy number phagemid, Yanisch-

f1 origin, Amp" Perron, 1985
pSETI152 E. coli replicon, Streptomyces @C31 attachment site, Apr’ Flett et al,,

1997
pET19b E. coli expression vector, Amp" Novagen Inc.
pET30a(+) E. coli expression vector, Kan" Novagen Inc.
plJ8600 Streptomyces spp. expression vector, Tsr’, Apr’ Takano et al,
1995

pUWL-KS E. coli-Streptomyces shuttle vector, Tsr’ Wehmeier, 1995
pPSMF388 Wild-type relA fragment inserted pSET152 Jin, 2002
pSMF3816 Wild-type spoT fragment inserted pUWL-KS Jin, 2002
pPSMF41045 pUCI18 derivative bearing the fragment of from EcoRI of Kim,

spoT and to BamHI of downstream of spoT" unpublished
pET19b(RelAant) pET19b derivative bearing the a.a 246-479 of RelA This study
PET195(SpoTans) pET1Sb derivative bearing the a.a 180-390 of SpoT This study
pET30a(+)(RelA) pET30a(+) derivative bearing the full length RelA (aa 1-843) Jin, unpublished
pET30a(+)(SpoT) | PET30al+) derivative bearing the full-length SpoT This study

(a.a 1-738)
pET30a(+)(RelAN) pET30a(+) derivative bearing the NTD of RelA (a.a 1-463) This study
pET32a(+)-RelA pET32a(+) derivative bearing the a.a 228-843 of RelA This study
(a.a 228-843)

_14_



Table 2. Plasmids used in this study (continued).

Plasmid Description Reference
pGADT7 GALA(768-881)AD, LEU2, amp’, HA epitope tag CLONTECH
pGBKT7 GAL4(1-147)DNA-BD, TRP1, kan', c-Myc epitope tag CLONTECH
pGADT7-T SV40 large T-antiten(84-708) in pGADT7, LEU2, amp’ CLONTECH
pGBKT7-53 murine p53(72-390) in pGBKT7, TRP1, kan' CLONTECH
pGBKT7-lam Human lamin C(66-230) in pGBKT?7, TRP1, kan" CLONTECH
pGADT7(RelA) pGADTY7 derivative bearing the full-length RelA (a.a 1-843)  This study
pGADT7(SpoT) pPGADT7 derivative bearing the full-length SpoT (a.a 1-738)  This study
pGADT7(RelAN) pGADTY7 derivative bearing the NTD of RelA (a.a 1-463) This study
pGADT7(RelAC) pGADT7 derivative bearing the CTD of RelA (a.a 474-843) This study
pGADT7(SpoTN) pPGADTY7 derivative bearing the NTD of SpoT (a.a 1-409) This study
pGADT7(SpoTC) pGADTY7 derivative bearing the CTD of SpoT (a.a 413-738) This study
pGBKT7(RelA) pGBKT?7 derivative bearing the full-length RelA (a.a 1-843) This study
pGBKT7(SpoT) pGBKT7 derivative bearing the full-length SpoT (a.a 1-738)  This study
pGBKT7(RelAN) pGBKTY7 derivative bearing the NTD of RelA (a.a 1-463) This study
pGBKT7(RelAC) pGBKT7 derivative bearing the CTD of RelA (a.a 474-843) This study
pGBKT7(SpoTN) pGBKTY7 derivative bearing the NTD of SpoT (a.a 1-409) This study
pGBKT7(SpoTC) pGBKT7 derivative bearing the CTD of SpoT (a.a 413-73%) This study
pGBKT7-RelA pGBKT7 derivative bearing the a.a 1-100, 228-843 of RelA This study
(a.a 1-100, 228-843)

pGBKT7-RelA pGBKT7 derivative bearing the a.a 1-100, 381-843 of SpoT This study
(a.a 1-100, 381-843)

pGBKT7-RelA pGBKT?7 derivative bearing the a.a 1-779 of RelA This study
(a.a 1-779)

pGBKT7-RelA pGBKT7 derivative bearing the a.a 1-638 of RelA This study
(a.a 1-638)

pGBKT7-RelA pGBKTY7 derivative bearing the a.a 1-487 of RelA This study
(a.a 1-487)

pGBKT7-RelA pGBKT7 derivative bearing the a.a 1-417 of RelA This study
(a.a 1-417)
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TeEm =8 ETI2567 (pUZ8002)E 75319 demethylation® & Streptomyces
spp.°l transformationd} 3 T,

Y. #5 ag

E. coliv= AWM %] A9 37C, 200 rpmol A wjFst G mAWI%¥S A$ 37C
o A vl &3t ATt Streptomyces spp.$ Yeast® AA|ul ko] A% 30T, 200 rpm, I
Aulke] F4- 30CoNA wiFstEet FF wGA] AAE FAASZ v WA F
T T g H Zo] HEE H7e vk (amphicillin 100 ug md ', kanamycin 50
ug ml", chloramphenicol 34 ug md”, tetracyclin 10 ug ¢, hygromycin 50 ug mé
! apramycin 50 ug md ),

(PppGpp =X S, clavuligerus?] W P¥e& &3 o] gt WA GYM
plate®] Y sporeZ resuspension solution (0.85 % NaCl, 0.001 %, Triton X-100,
glass bead)dl] #4HeH & AV|M 5 mM& #HstY GYM medium (50 mé)oll & ZE 35}
30C, 200 rpm shaking incubatoroll A 24A4]7F wjefst e o] mjkHo|A 5 mh
(ODsgsoll A1 1.948)% CD medium (50 mé)ol] HE3dle] BU3 zZHA oz 30417 vl
Skt v k-8 Whatman filter paper (GE/C)E o] £3le] #42 343 & o=
TA] transfer medium (50 m¢)ol HZF8tgth. Transfer mediumo] &7 & o5 7}
2+ 5,15, 30, 6084 ik F oA FAE g

. E. coli =22 JAAF

E. coli®] ¥AHFL CaCl; W'H (Hanahan, 1983)9] W& wWEsie] ALL3Y
o Single colonyE 5 m¢9 LB ®lX|ol A ¥ 1€ ¥ 50 w2 5 mee) TYM HiA
of Al 3t 4-6A17HE < kst mgs AE 1 me g 100 e TYM
iAol Aldhsted ODsxoo] 057 € wi7hx] wjdatdet, 2 F AEE 4CoA 94
8 53 882 20 - 40 mlS Tbf o] AEE 64%6}0:] 1A17F S 9&o
WA AT Al NEE 4ToA AR 313 3 &3 T 3 - 4 mee Tbf I &
1S Y 2A2HA pellets desin ue A BFd] -70ToNA BRAIA

R

hi
LA

b AL

g ZgAaves FAAE A B3 /q]ggg 1 A el % 100 ngl Ea}/ku]
=8 Hrlsta €8 &olA 3081 ¥ ‘]8}931:} CollA] 90z7 dxalst & AL
A 28 Eot u#AsAT. 08 me LB broths H AF o 150 rpm, 37CIA
458 T Mgt 2 F 01 w9 wjgAe AP FAAS Tiet= HAEux
A =EaA 37T 16412 w FsF At
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2t E. coli AtFA 9 Eexanc By
E. coli oA 9 ZFetan =+ glkaline lysis %% (Sambrook et al, 1939) %
Plasmid Purification Kit (NucleoGen, Korea)S o]&3] &2l alsltt.

< Fxutele (FEuio]Q, Korea)d] AlEFS F9shd]
SlAboll A st 0y B v EA S Z

PCRS Premix Tag™ (TaKaRa Ex Taq'™ version) (Takara, Japan)2] =% 3}
Table 3.9] primer (Fo}u}o] 2, Korea)E A3l A Z3JALol A FHddts 2
2 ¥k AIZ Y. PCR 2HE 2 sequencing (FFE 23, Korea)s E3te] 313} ith

o}

Al. DNA A A
PCR AME =& agarose gelte] DNA¥X PCR Purification Kit (Nucleogen,
Korea) & o] &3to] Al z3|Alo) A =Hat= woz AA3An

G g SDS-PAGEE 3t ¥ coomassie blue stainingg gt 1 &
= Zgdlo] #HA ol § <ke] PBSl 4o 8% %, female,

ICR moused| FAFSFE T 29 boostings 10¥ 4o & 3 3 H FAL & 30d

A He d AGsArt. AP HE TCAA A e HEAA Sz &
Ay sto] FAE P8 e AT5Ae dUTH

Z}. Western blotting

At Astys @ AS SDS-PAGE 3 % transfer buffero]l 1083t
equilibrater] Z1t+. Sponge, 3 MM paper, gel, nitrocellulose membrane, 3 MM
paper, sponge® 22 transfer cassette® WE Fo 4To|A 300 mAZ AL
¢t transferdt it} Transfer’} £4Y ¥ membranes WolWi freshdlA $HH
blocking solution (TBS-T with 5 % skim milk)ol] 3A]ZFe]A A& A incubation
399 th. ¥ primary antibody solution (Diluted with TBS-T containing 25 %
skim milk)E #7}et H 1AIZF incubation 39tk 15, 5+, b HASE 3W
washing 353 secondary antibody solution (HRP conjugated anti-mouse IgG
was 1/6000 diluted with TBS-T containing 2.5 % skim milk)& ¥ 1A7HE<H
incubationd ¥ t}A] 15% 5% 5% 3¥ washing FUT. I F ECLZ <13
At Secondary antibody ¥ ECL ## A]9F2 Amersham Pharmacia Biotech

(Amersham Pharmacia Biotech, USA)¢ A && A3t}
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Table 3. Primers used in this study.

Primer

Sequence (5 "—3 ")

RelAB_(XbaD)
SpoTF_(Xbal)
RelAN_(Ndel)
RelAN_(BamHI)
RelAC_(Ndel)
RelAC_(BamHD
SpoTN_(Ndel)
SpoTN_(BamHI)
SpoTC_{(Ndel)
SpoTC_(BamHI)
RelAuai(NdeD)
RelAans(BamHI)
SpoTans(Ndel)
SpoTani(BamHI)
RelA_(1251bp)
RelA_(1461bp)
RelA_(1914bp)
RelA_(2337bp)
RelA_(300bp)

TTCGACCTCTCTAGAAACGAGGTCTTC
GGCGAGGAGTCTAGAGAGCCAGCCGGG
GGAGCGCATATGCCAGACGAGGCCCGT
CATGTCGTTGACGTGGGGATCCTAGCC
GACGACCATATGAACGACATGGCGTGG
CGCCCCGGATCCTTATGGCCGGCGGGC
GTGCCCCATATGAGTGCAGAGGCCGCG
GGGGCGGGTCGGGTGGATCCGCTAGCC
GGCGAGCATATGGACCCGACCCGCCCC
ACCACCGGATCCAGGTCAGCCGGTGGC
GACCGGCTCCACCATATGCGCACCATG
CGAGGGATCCTCGGTCTACTTCTGTCA
GACCGGCTGCACCATATGCGCACCCTC
GTCGGATCCGGGGGTGGACTACTGTCA
CGGGATCCCGACCGGCTAGCCGTTGGG
CAGCGGATCCAGGAACTCCTAGGGGTC
CGGGATCCTAGTCGGGGTAGCGCATCT
CGGGATCCGGGTCTAGTCCGACAGCAG
AACGGGGGTACCCGGGGAGGAGCGCTG
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Z}. Yeast two-hybrid 23

Yeast two-hybrid 4 &< Clontech (Clontech, USA)2] MATCHMAKER GAL4
Two-Hybrid System3 & Libraries® ©|&3F3 . AFEgF Yeast 55 AHI09%
HIS3, ADE2, MELI, LacZ% reporterf A A2 Zkal 9lt} Yeast two-hybridel 4]
AF&-3t vector® DNA binding domains ﬂO}L ohul g o] N-dohol] Z3tele] whd
Al 4 & pGBKT7%} activation domaing ¥ b= F3AHe] N-2to] 2 E3hd
HEHAI D = 2= pGADT7¢lt. Yeastol 3’&?} Al A4S Yeast Protocols
Handbook (Clontech, USA)9} MATCHMAKER GAL4 Two-Hybrid System3 &
Libraries User Manual (Clontech, USA)o] w2} &t}

l

7t. (p)ppGppel #32 2 A&
Cell pellet= 1M formic acid (10 mé)ol] ¥ 4T A

4Cel A 1,000 x g o= 10‘:‘” ddEe &t FEd % A o A
filtration (0.45 m)3tF . I 3 freeze dryingste] &4 #

o] phenol 2 chloroform extracUonO}O% A5 de H3I S cosmonice filter
(045 mm, d = 04 cm)E o] &3l filtrationdt v}, o 45

system® Partisil 10-SAX (46 x 250 mm) Columnﬂ HITACHI L-7400 UV
detector (260 nm)& ©]834 (pppGppE HEFIT ASde 7 mM KHPOs
(pH4.0)9] low buffer$} 05 M KH:POs + 05 M NaxSOq (pH5 4)2] high bufferg
o] &3t ATk (p)ppGppe HEL 0Fol A 60% 7] high bufferg T4 o2 0 %A
100 %] gradient method® ZH&3 ¥ o™ flow ratex 1.0 m¢ min ‘o] 1t}

E}. Clavulanic acid®] A %

Streptomyces clavuligerus ATCC 27064914 AArE clavulanic acid® &%
=43 1A 3+ sample 400 ¢ imidazole 100 wWE & A& & Ao A 1587
7-8-Al 7l 8 HPLCOl sample 20 (02 loading3te] =43t
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aF

3. 43 ¥

b

7}. Streptomyces clavuligerus®] RelA 2 SpoTe 3%

(1) Streptomyces clavuligerus RelA 2 SpoT7} & ®3}d vx&= I3
S. clavuligerus ATCC27064, S. clavuligerus SMF387 (drelA), S. clavuligerus
SMF3815 (4dspoT), S. clavuligerus SMF339 (4drelA, complemented), S.
clavuligerus SMF3817 (4spoT, complemented)E GYM mediumel A 30C, 6¥3F
s A3 S cdavuligerus SMF387 (dreld)o] ®3taA o] AlshAl &4 o)A
bald phenotypes YWEIUSI I, S cdavuligerus SMF3815 (4dspoT)E FEAE A o]
wild typeell W&} AAH AR Ao FAH #3744 e (Figure 1).
°]¥ RelA7} SpoTol Hl&] Fe)iE3sle]l Jojrx] F23F signal molecule?! (p)ppGpp
o] ¥ Fo3 dFgS daelr] WEQY Roew AAHY;. = reld disruptant
o] B SpoT7b EASAE RelAZF §17] wi &l (p)ppGppe] EE7F #i whe
(pppGppel F=E GTPE ZAaA7IA E3d AxZue ¥ GTP: FHE3E
AA 3t bald phenotyped WeEFATE ®FE SpoT disruptante] 2 $dlE wild
typeoll w3} ‘iFZl *‘7%% FHEEE HAdFAdEd ol SpeTE disruptiondod =
el EshE ot7] wiEolt. S clavuligerus
SMFE389 (drelA, complemented), S. clavuligerus SMF3817 (4spoT, complement
ed)+ wild typedt 22 3} ¥4S BoFdth ol Z<+d RelA &8 SpoT7t
H A7) et

(2) Streptomyces clavuligerus ATCC 27064, S. clavuligerus SMF387 (4
relA) 123l S. clavuligerus SMF3815 (AspoT)9l A (p)ppGppd =3

S. clavuligerus ATCC 27064, S. clavuligerus SMF387 (4dreld) 1%
S. clavuligerus SMF3815 (4spoT) °ll A nutrient-shift downs 3t (p)ppGppE
g A7 wild typeoll A& shift down ¥ 15874 &) 100 pmol ', ArelA®] 7
037 pmol’ 221 AspoT o ZA$E 80 pmol 7t ANFE FAF F g
(Figure 2). RelA9} SpoT+ W/l (pppGpps A4 #3Y F 7158 714 A
&e A= dspoT oNAE SpoTe A4 7)o AAE AeEdo sz wild typeR ot
A% (pppGpp7t ABatd AolW, ArelA®} AspoTE uvjws] & w, RelA7d
(DppGppEAdel FdH & s UASE & F AT EF ojH AP
N-limitation& ©]& 3% Agolm=2 C- hmltatlonoﬂ ols) &3t vt ¢ SpoT
o] Aol AuHoz wolxy] Folgdn Az & F&= dAdd. =3
nutrient-shift down ©] ¥ 15873 & (p)ppGpp«] %ol A A Frtstchrt At
= AL2 Hol (pppGppe AE Ui/l 82 A5E woks w FAH o] A
T AX W HAed os AERAe 2dAe 9Eg S 4 5 ANe™ shift

LURR S gt S

L

=
=
o
o
A
o
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Figure 1. Plate culture of S. clavuligerus ATCC 27064, S. clauvuligerus SMF387
(ArelA) and S. clauvuligerus SMF3815 (AspoT) on GYM medium. Spore was
produced in wild type, but not in two mutant strain.
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Figure 2. The (p)ppGpp produced from S. clavuligerus ATCC 27064 (O), ArelA
(@) and 4spoT ()
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down & AlZbo] X|to uwhgl Mol Ayl otET AEY A2 AR xF
A Moz WgstE AL wol mekel (p)ppGppe Aol AlEd toxic sttt

(3) Streptomyces clavuligerus ATCC 27064, S. clavuligerus SMF387 (A
relA), S. clavuligerus SMF3815 (AspoT) % &3} clavulanic aicd & 43}

wild type™ relA mutantol| A1 2] clavulanic acidE A =3 A3 wild typed A&
Al 64 mg ¢ AAHASH, reld mutantl A E 37 mg £ o] AAEYTH o
AHRE v"g o2 (pppGppE cell® nutrition stressdll o3 signal molecule® A 8t

A A= wofsta gleg HHA R 4 5 U (Figure 3).

ot

t}. Yeast two-hybrid system< ©] &3 S. clavuligerus RelA$} SpoT9 4+
28 gkl

(1) Yeast two—hybrid systemoll A}-&3 @€ =z

4 RelA (aa 1-843)¢] A% 7]&) AFEo] W pET30a(+)(RelA)E o] &
33t pET30a(+)(RelA)E Ndel® BamHIC. 2 HAY3sto] relAE Tdetn g+
DNAE agarose gel extraction 3t E&sge 2 & & Azirz 2y

pGBKT7 &2 pGADT79 ligationdted pGADT7(RelA), pGBKT7(RelA)E A gith.
SpoT (a.a 1-738)= At a49 Al W&o spoTe 5 &S PCR3Y Ndel site
£ AT pSMF3816& F¥ o= 3stil SpoTN_(Ndel), SpoTF_(Xbal)<
primer2 3} PCR&}H T ©] PCR 4H5 S Ndel#t EcoRlIC 2 AW3t & agarose
gel extraction St spoTel 3 &8 pSMF410452 EcoRI# BamHIC 2 A3}
o] agarose gel extraction 3le] Atk 2 F PCRetY AL spoTy 5 £
pSMF410459 4] A& spoT9 3" %S Ndel? BamHISZ Ho® pGBKT7 &
pGADT79)] ligationdt] pGADT7(SpoT), pGBKT7(SpoT)E <%th. RelA (aa
1-463)> pSMF388% F3 22 RelAN_(NdeD™ RelAN_(BamHI)$ primer® 3}
PCR&% 1, RelA (aa 474-843)% pSMF388% F80% RelAC_(Ndel)#
RelAC_(BamHI)< primerZ, SpoT (a.a 1-409)+= pSMF38162 template®
SpoTN_(NdeD) @ SpoTN_(BamHI)S primer®, SpoT (a.a 413-738) pSMF3816<
template® SpoTN_(NdeD)®# SpoTN_(BamHI)< primer® 47 PCR3th. PCR
HEE Ndel? BamHIS 2 ZG3}al agarose gel extraction 3 & 28 A3 4

2 ZdY pGADT73 pGBKT79 ligationste W&t Axg ZgAn =8 Ao

- 23 -
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Fig 3. S. clavuligerus ATCC 27064 wild type(O)3} ¥ 714 F%A
ArelA(A), AspoT(O)EH-E £33 clavulanic acidE =R 3% A3
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(2) pGBKT7(RelA), pGBKT7(SpoT), pGBKT7(RelAN), pGBKT7 (RelAC),
pGBKT7(SpoTN), pGBKT7(SpoTC)Z d&d A3 d AH109#F9 =71 &A
3t 22l

pGBKT7(RelA), pGBKT7(SpoT), pGBKT7(RelAN), pGBKT7(RelAC),
pGBKT7(SpoTN), pGBKT7(SpoTC)E& AHI09 ¥ Fol HAA#T T ELEH
gl 9iAI) SD/-Trpoll spreadingste] dsls Az ZZhavmz @48 o
T8 AEsd Y. pGBKT7E Axge Edaneg A48 & 75 TRPI
< 2t EfEHC] fle WA dedxE AAvViEst. dAdd" I
SD/-Trp/X-a-Gal &2 SD/-Trp/-His/-Ade/X-a-Galoll streakingdlte] 30ColA 5
A3t wjFEtel YHAHEF ®@ AHI09 F57) reporterf A MELI & HIS3,
ADE2, MEL] & #743}st=# o5& zZ17zt H2Esa.

SD/-Trp/X-a-Gal 23& BW Ztzte] Fefxvi=g JHAHE @ AHI T
7b 2 ST (Figure 4). ol Zh7hel Az Feav=a i AgdEe ol
o]l AH1097F ¢ Ao & 9o gleg owgrh. a¥v SD/-Trp/-His/
-Ade/X-a-Gall A= pGBKT7(RelAC) &2 pGBKT7(SpoTC)2 FAAE #
AHI109 TF% AFsAY (Figure 4). ©l& AHI09 T WelAl DNA binding
domain®] Z%E RelA (aa 474-843) &2 SpoT (a.a 413-738)°] HIS3, ADEZ2
reporter e B3 AHY] W A otdide] gle WA delA:
Aol Zhsgth. H3 SD/-Trp/X-a-Gal 3 SD/-Trp/-His/-Ade/X-a-Galol A
pGBKT7(RelAC) =2 pGBKT7(SpoTO)Z F&A A3 d AHI09 TFvto] MELI
reporter A A £33 A3 AA d@FAS YelWn, MELIS a-galactosidase®
A5 33lE FHAR a-galactosidaser 9FZ U] H o] X-a-Galgs 35t It
A& e T

22402 pGBKT7(ReAC) & pGBKT7(SpoTC)E #AAS ¥ AHI00HF
= A7 &Al st HIS3, ADE2, MELI reporter& A E5E 43t A Ao
pGADT7(RelA), pGADT7(SpoT)= H2EF Az A7t &4 &ach (Data
not shown). ©]ol W&} Yeast two-hybrid 282 RelA (a.a 1-843)3 SpoT (aa
1-738)eH& 71 = sttt
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SD/-Trp/X-a-Gal SD/-Trp/-His/-Ade/X-a~Gal

pGBKT7(RelA)
pGBKT7(SpoT)
pGBKT7(RelAN)

pGBKT7(RelAC)

pGBKT7(SpoTN)
pGBKT7(SpoTC)
pGBKT7-lam

pGBKT7-53

Figure 4. Test for autonomous activation. RelA (a.a 1-843), SpoT (a.a
1-738), RelA (a.a 1-463), RelA (a.a 474-843), SpoT (a.a 1-409), SpoT (a.a
413-738) and pGBKT7-lam, pGBKT-53 was cloned to pGBKTY7, respectively.
And the recombinant plasmid was transformed to AH109 (HIS3, ADEZ2, MELI
reporter) and spreaded to SD/-Trp. Several colonies were streaked to
SD/-Trp/X-a-Gal and SD/-Trp/-His/~Ade/ X-a-Gal. Then incubated at 30T
for 5 days.
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(3) Yeast two—hybrid system% ©] &3l RelA$} SpoTe A&#8& <

RelA (a.a 1-843)3 SpoT (aa 1-738)2] & z4 & 34 table 4.9 %
& X¥oFE AHI TFo FAHE &ttt AD-RelA/BD, AD/BD-RelA,
AD-SpoT/BD, AD/BD-SpoTE AHI09 w5 welAe A7t &dgk of Fo it
Bl A~E 1 positive controle yeast two-hybrid A dolA A& 28 gto] oln <y
7 p537  large T-antigeno] AH109 w5 WolA DNA binding domain}
activation domain®l Ztzh Z3Eo] WL o)+ WFZH 22 negative control
& A5 ALEA] ZE human lamin C9 large T-antigen©] Z+Z} DNA binding
domain ¥} activation domaino] Z+Z} Ao wd @t FAA @ AHI &5
£ SD/-Leu/-Trpell spreadingste] Ax% EAv=g AUl Je #5758 AHE
sttt pGBKT72 Ax#e Fetsar| =9k pGADTTE AxHY FZAr|=R
Aol HAAg @ AHIO w55 ¥HHo & LEU29 TRPIS w34 ¢
Az EYEFG] gl 41 ddMz AF sbesith o & OAdE 7
SD/-Leu/-Trp &< SD/-Leu/-Trp/-His/-Ade®l streaking®te] 30TColA 547 i
oFstel HAAZ @ AHI0 TFF 7} reporterAAel HIS3, ADE2E &4 83+ A

FE ZtZt HZEsioh

238  AF  negative control&  H]E3  AD-RelA/BD, AD/-RelA,
AD-SpoT/BD, AD/BD-SpoT¥ SD/-Lew/-TrpollAe & #A2bA % SD/~Leu/-Trp/
~His/~Adeo| &= A&A £ &9ttt (Figure 5). ©]+& DNA binding domain &
activation domain®] Z3 % RelA (aa 1-843), SpoT (a.a 1-738)¢] A7} &/ s}
A 9&s 9gusty, 18]a positive controlg Bl %39 AD-RelA/BD-RelA,
AD-RelA/BD-RelA, AD-SpoT/BD-SpoT, AD-SpoT/BD-SpoT E-F SD/-Leu/
~Trp9¥t SD/-Lew/-Trp/-His/-Adeol A+ = Askth (Figure 5). °olv A Hsd
AH109 % WolA RelA (aa 1-843)9} RelA (a.a 1-843), RelA (aa 1-843)%}
SpoT (a.a 1-738), SpoT (aa 1-738)¢ SpoT (a.a 1-738)¢] & zt& sto HISS,
ADE?Z reporter $AAE A3 P Y] wEoltk a3t} RelA (aa 1-843)¢+ RelA
(aa 1-843)= A3 &80 #ZstA HEst7] wWiEo] AD-RelA/BD-RelAY 7%
SD/-Lew/-Trp/-His/-Adesl X A% £=7F =%H3x H4& vehdd x}%u}
(Figure 5). AAE pGADT7(RelA)¢t pGBKT7(RelA)Z FAAGgHA dF
SD/-Lew/-Trp/-His/-Adeol| spreading¥ 30T, 547t #ig3-& @ colony7t Z%‘i
AR gkt (Data not shown). $iukstd A g 571 A= Ay EFobxv
=9 F7F Fy] i Azxg aud o ddUE 7] Wit aER 4%
zhg-o] g el ol Ao FAAY @ dFE 6= Spreadln 3 colony 7t 84
H24 @A SD/-Lew/-TrpolA Azxg Fotav=g Ad #F& A" F
SD/-Leuw/-Trp/-His/-Adedl| streakingd}® A A]3] A=t}

H r

E
nm
off

E)

-{N il
it

L

i
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Table 4. Plasmid set cotransformed into AH109.

plasmid set

Description

AD-RelA/BD
AD/BD-RelA
AD-SpoT/BD
AD/BD-SpoT
AD-RelA/BD-RelA
AD-RelA/BD-SpoT
AD-SpoT/BD-RelA
AD-SpoT/BD-SpoT
positive control

negative control

pGADT7(RelA) and pGBKT7 were cotransformed into AH109
pGADT7 and pGBKT7(RelA) were cotransformed into AH109
pGADT7(SpoT) and pGBKT7 were cotransformed into AH109
pGADT7 and pGBKT7(SpoT) were cotransformed into AH109
pGADT7(RelA) and pGBKT7(RelA) were cotransformed into AH109
pGADT7(RelA) and pGBKT7(SpoT) were cotransformed into AH109
pGADT7(SpoT) and pGBKT7(RelA) were cotransformed into AH109
pGADT7(SpoT) and pGBKT7(SpoT) were cotransformed into AH109
pGADT7-T and pGBKT7-53 were cotransformed into AH109
pGADT7-T and pGBKT7-lam were cotransformed into AH109
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—leu, -trp, + his, +ade -leu, -trp, -his, -ade

Figure 5. Verification of RelA and SpoT interactions wusing yeast
two-hybrid system. RelA (a.a 1-843), SpoT (a.a 1-738) cloned to pGADTY,
pGBKT7 were transformed into AHI109 (HIS3, ADEZ2, MELI reporter) and
spreaded to SD/-Leu/-Trp. Single colony was streaked to SD/-Leu/~-Trp and
SD/-Lew/-Trp/-His/-Ade. Then incubated at 30°C for 5 days.
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A2 o 32 da otudoe] gl wixlol A HIS3, ADEZ reporter %A}
432 FAE A3} RelA (aa 1-843)9F SpoT (a.a 1-738), SpoT (a.a 1-738)<}
SpoT (a.a 1-738)°] 4528 311l RelA (aa 1-843)9F RelA (aa 1-843)%= 93}
A A4Z A8 3%

(4) B-galactosidase assayE %3 RelA$t SpoTe A5a-& Aj7]9 A3t

RelA (a.a 1-843)3 SpoT (aa 1-738)9] A &2t&o A71& A Fs} 3171 93]
lacZ reporter A7} &3 B-galactosidase®] /3L o-nitrophenyl B
-D-galactopyranoside (ONPG)E o] &3le] =43t A ¥ SHA A48 23
positive control®] B-galactosidase® Aol 9.14 Miller units® 713 =4 U$gte
5} AD-SpoT/BD-RelA7} 3.92 Miller units, AD-RelA/BD-SpoT7} 1.72 Miller
units7F Y kt} (Figure 6). U™ A #F5F o= Miller units®] 1915+ ghol Wskth
(Figure 6). ©]#% B-galactosidased] &Aool ZHA U& olHE reporter FHAE
#7438+ promoterd FHO Yo HIS3Y ADEZ2= GALI® GAL29} & 7%
promoter?] ZA-& wed Bl MELIY lacZv 4dld 22 o3t MELI promoter
o] FHE Wit a8lBR® HIS3Y ADEZ reporter #-AARl 23] SpoT (aa
1-738)3% SpoT (a.a 1-738), RelA (a.a 1-843)7} RelA (aa 1-843)2] A& z8o] &
ZE et lacZ reporter A Ao A e HHEA] AU

A F7kA AH1099 A SD/-Leu/-Trp/-His/-Adeol A Aol 9t HIS3, ADEZ
reporter+ A 2+ B3} jgcZ reporterf- A Aol 23] WHEE B-galactosidase
o FAEZA Aged A F5HE9 AVIE FARHRE RelA (aa 1-843)%
SpoT (a.a 1-738)¢] Atz Ago] 7FF Alal SpoT (a.a 1-738)¢ SpoT (a.a 1-738)
o] A5 AL M7|I7F F HAZE Z3l™ RelA (aa 1-843)9F RelA (aa 1-843)9
FEAER] AZI7F 7 okl

o} & Streptomyces clavuligerusol Al RelA (a.a 1-843)9F SpoT (a.a 1-738)9
FE 280l (pppGpp WAl BIXE <g3fe] obzl ZAMHEA eFtvt. a2 U E. coli
A (p)ppGpp TFAS E3te H EdWol7t @ RelA %2 (p)ppGpp #48E& X5t
£ RelA9 C-2d Z=dds AFTFoNA BAANZIHE AETTE RelAcs
(pppGrpel B4 Feol AsiEct (Gropp et al, 2001). ©] A7 Az HFo] F
Z288 W S cdavuligerusol A (p)ppGpp A T8l $l= SpoT (aa 1-738)9]
RelA (a.a 1-843)7 4 35z-&38A (pppGpp F4 & At = sttt
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10 A l

b-Galactosidase activity (Miller units)

a b ¢ d e f g h i i

Figure 6. B-galactosidase assay using ONPG as substrate. The specific
activities of the P-galactosidase reporter in AHI109 carrying the indicated
combination of two-hybrids were determined. The values are the averages of
three independent determinations. The two-hybrid plasmid combinations were as
follows: a, pGADT7RelA)/pGBKT7; b, pGADT7/ pGBKT7RelA); c,
pGADT7(SpoT)/pGBKT7, d, pGADT7 /pGBKT7(SpoT); e, pGADT7(RelA)
/PGBKT7(RelA);  f, pGADTT7(RelA) /pGBKT7(SpoT); g, pGADT7(SpoT)
/PGBKT7(RelA);  h, pGADT7(SpoT)/ pGBKT7(SpoT); i, pGADT7-T
/pGBKT7-53 (positive control); j, pGADT7-T/pGBKT7-lam(negative control)
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. RelA (a.a 246-479) 32 SpoT (a.a 180-390)°] Wit A Az

(1) pET19b(RelAani) ¢+ pET19b(SpoTans) A&

RelA2l ofulwAb  246%E 4792 pSMF3888 FH o2  RelAas(Ndel) 7
RelAai(BamHI) € primer®2 st9 PCR3 T o] PCR 4HE & Ndel#t BamHIS =
Agg 3 2o Adasrs Adod pET1I9b ligationdte] pET19b(RelAas)E A&
3Rt pETI9be] AxdE Zgau=es s @id EA of&5e 9719
S AEHIE N-dao] ¢F3ststn vk RelAgt w5 A SpoTE 180%-8 390
B pSMFE3816¢ #3822 SpoTai(Ndel)# RelAui(BamHI)E primerZ PCR%
F Ndel®} BamHIo 2 Aottt z#la 22 AdasrsE Fod pET1I9
ligationdted pET19b(SpoTan) S A 23} o

(2) RelA (a.a 246-479) ¢ SpoT (a.a 180-390)¢] A AL 2 2

pET19b(RelAai) &2 pET19b(SpoTai) S 2t7Z BL21(DE3)pLysS ol &
Ag 3ttt dAAgo] H FFSZ 1 mM9Y IPTGE inductiondte] 37Tl A 34
bt Wik & diFAAE @AY solubilityE ZAFEE 23 RelA (aa
246-479)9} SpoT (a.a 180-390) = insoluble ¥ ElSl inclusion bodyE 343t
t} (Data not shown). o]l w&} inductiond Al EA inclusion bodyE #&& ¥
6 MY urea® ¥ 35+ Binding buffer® insolubledr @@ A& oyt Sodl
4982 His - Bind Column®) loading3}3 Binding buffer (6 M wurea), Washing
buffer (20 mM imidazole, 6 M urea), Washing buffer (40 mM imidazole, 6 M
urea)® 3¥ ¢ washings ¥ ¥ Strip buffer2 9¥AS elutionAlFHY. 1 F
elution® £ 4L ultrafiltration® 2 5839t 2 23 30kDay] MEH RelA (aa
246-479)%} 26.4kDa®] AF3E SpoT (aa 180-390)2 4L F AANF(Figure 7). ©]
g7 Egso] 529 AZE RelA (aa 246-479) &2 A7 SpoT (aa 180-390)
£ F ol FAlet FAE ALt

(3) A= RelA (a.a 246-479) 32 A=Y SpoT (a.a 180-390)2) FAE o]
43 Western blotting

HAE2EEH AAE AHET RelA (aa 246-479)9] A9 AL E coliolA HEFA
A3 A 23 RelA (a.a 246-479), RelA (a.a 1-463), RelA (a.a 1-843)& western
blotting o =2M st n, AxE SpoT (a.a 180-390)9] ©hd Fxe] AL A
%3 SpoT (a.a 180-390), SpoT (a.a 1-738)% western blotting 224 &A%
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Starting Flow ) )
Marker  material Through Wash1 Wash2 Wash3  Elution Congentration

116kDa —»

66.2kDa —»
45.0kDa —»

35.0kDa —»

25.0kDa —»

18.4kDa —»

Starting Flow .
Marker Material  Through Wash! Wash2 Wash3  Elution Concentration

5
116kDa —»

66.2kDa —*

45.0kDa >

35.0kDa —+

+— 26,4kDa
SpoT (a.a 180-390)
25.0kDa —»

18.4kDa —»

Figure 7. Purification of recombinat RelA (a.a 246-479) or recombinat
SpoT (a.a 180-390).
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th. RelA (aa 1-843)2 pET30a(+)(RelA)E BL21(DE3)pLysSol Al tisAatste A
il RelA (aa 1-463)% SpoT (aa 1-738)2  pET30a(+)(RelAN)3}
pET30a(+)(SpoT)E BL21(DE3)pLysSell Al zhzf thgA4tste] @At pET30a(+)
(RelAN)#  pET30a(+)(SpoT)E pGBKT7(RelAN)#  pGBKT7(SpoT)E Ndel?
BamHIo 2 Awddt T 3= DNAE agarose gel extractiondte] pET30a(+)el
ligationdto] &)},

Anti-rRelA (a.a 246-479)& o] &3t Az RelA (aa 246-479), RelA (aa
1-463), RelA (a.a 1-843), SpoT (a.a 180-390), SpoT (a.a 1-738)F western
blotting 8 Z¥} Anti-rRelA (aa 246-479)= AZF RelA (aa 246-479)%} RelA
(a.a 1-463) 18] RelA (aa 1-843)% <1A3H signals Hole ¥ A X3
SpoT (a.a 180-390)% SpoT (aa 1-738)v AAA & ot (Figure 8). o=
Anti-rRelA (a.a 246-479)7} cross3tAl SpoT9 2H&31# ¢SS 9vlstzn E&
RelAd] thal shal7l 2 wtEojx &8 onlsl}t a8y A ZE RelA (a.a 246-479),
RelA (a.a 1-463), RelA (aa 1-843)2] A-¢ U5 £ ©wido] polyacrylamide®= 5
¥l nitrocellulose membranel & transfer’} A2 =2 &} (Figure 8). L ©]
v AMEF RelA (aa 246-479), RelA (aa 1-463), RelA (a.a 1-843)9] 7% pl7t
Zy7} 937, 987, 9472 U F ¥ W& FAEY. QX SpoT (aa 180-390)%
SpoT (a.a 1-738)e] 29 pl7b 242t 6.16, 5780114 Anti-rSpoT (a.a 180-390)¢] H
9 Anti-rSpoT (a.a 180-390)2 A ZE RelA (aa 246-479)9F RelA (aa 1-843)E
A 3FA] B oy AZY SpoT (aa 180-390)2 SpoT (aa 1-738)= <IAs+4
o (Figure 9). 1312 % Anti-rSpoT (a.a 180-390)% crossshAl RelA9} 28314
3 FAE A oA

Q]

-

52

2. S. clavuligerus (ArelA)olq T+ %34 B3 E RelAd 2+d

(1) G43tA A3 ¥ RelAZE ¢33 3= 9g AF

RelA¢] C-¥dto] tekstAl AA" d¥dg dssiste Axyd Fdav=
g Zo] At pSME388E FH o2 RelAN_(Nde)Z RelA_(1251bp)&
primer2 PCR & ¥ kpnl® BamHISZ Hwstdth o] PCR AR EL olv|=it
417¢) %o £2 FZEI} BamHI siteE AT 283 pGBKT7(RelA)E kpnl®
BamHIe.2 AW FT pGBKT7& X3 RelAe] N-ZE@HES agarose gel
extractiondtgctt. 1 F A FA2  Hal®l PCR AHE#}  ligation 3¢
pGBKT7-RelA(a.a 1-417)E A 919k & WA of pGBKT7-RelA(a.a

mlm
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RelA RelA RelA SpoT SpoT
(2.2 246-479) (a2 1-463) (a.a 1-B43fa.a 120—390»(1:\)4735) Relr = RelA = RelA SpoT SpoT FRelA — RelA ~RelA SpoT SpoT

(8.2 246-479) {s.a 1-483) {a.a 1-8434a.a 180-390) (a.a 1-736) (8.2 246-478) (2.2 3-463) (s.a 1-B43}a.2 180-390}{s.2 1-736)

190kDa~
120kDa~ o
s
85kDa~
60kDa- &
50kDa-
40kDa-
Before transfer to After transfer to .
nitrocellulose membrane nitrocellulose membrane Western blotting

Figure 8. Western blotting of Anti-tRelA (a.a 246-479). Western blotting of
Anti-rRelA (a.a 246-479) against recombinant RelA (a.a 246-479), 30kDa; RelA
(a.a 1-463), 51.7kDa; RelA (a.a 1-843), 93.3kDa; recombinant SpoT (a.a 180-390),
28.2kDa; SpoT (a.a 1-738), 78.9kDa.
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RelA RelA  RelA SpoT  SpoT RelA  RelA SpoT SpoT

ReiA SpOT (aSDOIB) M (2.2 246-479) (a.a 1-843) (a.a 180-330) {a.a 1-738) 843)(a.a 180-390) (a.a

Before transfer to After transfer to )
nitrocellulose membrane nitrocellulose membrane Western blotting

Figure 9. Western blotting of Anti-rSpoT (a.a 180-390). Western blotting
of Anti-rSpoT (a.a 180-390) against recombinant RelA (a.a 246-479), 30kDa;
RelA (a.a 1-843), 93.3kDa; recombinant SpoT (a.a 180-390), 28.2kDa; SpoT (a.a
1-738), 78.9kDa.
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1-487)% pSMF388% F& % RelAN_(Ndel)3} RelA_(1461bp)E primer® AF-§-3}
o PCR 3% & A zstdt). pGBKT7-RelA(a.a 1-6383)S Al 2+3l7] 93 pSMEF388<
F8 0 72 RelAB_(Xbal)™ RelA_(1914bp)& primer® A}83te] PCR$ & PCR 4t
E& BstEIIYF BamHIo 2 A3t 2 3 pGBKT7(RelA)E BstEIl$} BamHI
o3 Hasti pGBKT7# RelA9 N-UoRES I3+ DNAE agarose gel
extraction 3 ¥ A% &FAF A" PCR AH=E# ligationdts pGBKT7-RelA(a.a
1-638)& AZH3tAth. pGBKT7-RelA(aa 1-779)¢ A2tz o] w43 H]528hA
AT pSME388S F38 22 RelAB_(XbaD) @ RelA_(2337bp)E primerE AR-&-31
PCR3% % PCR AFE& Aatll® BamHIS 2 Aaddth. 28al pGBKT7(RelA)E
Aatll®} BamHI©. 2 H@3ta pGBKT7# RelA9] N-2ui &S x33tE DNAE
agarose gel extraction 3 ¥ Ad FiAZ AHd® PCR &3} ligationdts
pGBKT7-RelA(a.a 1-779)& A &3+l (p)ppGpp phosphohydrolase domain®] Al
A8 RelA (p)ppGpp synthetase domain® (p)ppGpp phosphohydrolase domain®©]
2% AAY RelAZ <53 stz Qs HE L AFsdo. ¢4 24 Had
pET32a(+)-RelA(a.a 228-843)% pET30a(+)(RelA)E Nceolo® A3t & 22 A
gdairz ZFHA pET32a(+)o] ligationdted LD o] Wl NeoloZ AHeld
pET32a(+)ell CIAP X & & 3% % agarose gel extraction 3t self ligatione WA
SR pET32a(+)o] E017t insert o WL & A &42E Agstd A
pGBKT7-RelA{a.a 1-100, 381-843)2 <Lz pSMF383% template® RelAN_
(Ndel)#} RelA_(300bp)E primer® PCR 3Fx o] A& & Ndel®} Kpnlez Aost
% agarose gel extraction 3tk L9k F Al pET32a(+)-RelA (aa 228-843)%
Kpnl®} BamHICE digestiond ¥ RelA (a.a 381-843)2 <53lsl= DNAE
agarose gel extraction st4th. 7 ¥ Ndel® BamHIC.Z ATH pGBKT79l Ndel
B} Kpnle® Add PCR AE3 Kpnl®t BamHIC2 Awd relAd 3" FE&&
ligationdt g tF. pGBKT7-RelA(a.a 1-100, 228-843)2 £} Hl<=dt o2 AQxE
stk xpol" & pET32a(+)-RelA (aa 228-843)E Kpnldt BamHIS Z digestion®
) KpnlE partial digestiond}o] RelA (a.a 228-843)& ¢ %.3}st= DNAE agarose
gel extraction 8+ EB8l& Ho|th (p)ppGpp synthetase domain® 7FA 1 &
RelAE pET19b(RelAuas)E Ndel® BamHIC®E ZHe3 & e Wz dod
pGBKT79l ligationdtlt} (Figure 10).
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e 397
[ (p)epGpp phosphohydrolase I

NH2 B R e S i s s ‘ . - » COOH
1
(p)ppGop synthetase 843 a.a
267 453

1-843 a.a

1-779 a.a

1-638 a.a

1-487a.a

1-417a.a

246-479a.a

1-100, 228-843a.a

1-100, 381-843a.a

Figure 10. Schematic representation of the derivatives of S. clavuligerus
RelA. The putative (p)ppGpp phosphohydrolase domain and (p)ppGpp synthetase
domain is compared with that of S. coelicolor (Martinez-Costa et al, 1998).
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A24 B-lactamPFAEZD S84 AAJA A+

1. 947U &

B B3 Streptomyces exfoliatus SMF1991A &8 5= B-lactamase
inhibitory protein (BLIP-1, BLIP-ID¢] AA W S&e djs) THHoE &A=
ATE A PPt Streptomyces exfoliatus SMF199lA4 4] 5 = BLIP-13%
BLIP-II+= 71&¢ B39  Stretomyces clavuligerus®] BLIPH T TEM-1 B
-lactamase®] ol P& K; value® ®<ith T3 BLIP-13 BLIP-IIE ¢33tst=
bliA A Xt bliB #+AAE 47 Aedo 2 dAg MolF (null mutant)e] 7
kA w5 bald phenotypeg E vt @A, BLIPsES 33 Fx2& ojv
Atk o189 Fxe AA WYY 7lFL Wile AL BLIPsEY #8743 5
A @A 5L F3ste ¥ 5 o=z BLIPY #+4FS BLIP-I1# & o
A QX4e HolE BLIP-II9 AA U 7152 gt o= AZ& B-lactamse A 3|
22 designdtes 712ARE d0A sth

BLIPse] 7]5& #7] & @¥d 4548 £47eS AHgaded, 71Ed
AF8-31E Yeast Two-Hybridel ©]¢] Two Dimensional Electrophoresis (2-DE) L
@3 GST Pull Down HHS AH&3sich A8 23 @A 2-DEE E3todA 2dF
off nj3) Wojd bliA null mutant, bliB null mutant)llA E¥3 2EEHE ©

v o of Ho

al

Jor it
e

HAEo] ASE 3 A o] wulA e HEste] ESI Q-ToF &3 ofvl=
A NG 24 Fo) 9tk GST Pull Downe 4<%, #4 GST tagged BLIP-IIZ 4
A & Jde dHE AFASe E coliold #¥ @<L ste] GST tagged BLIP-II
2 2 Fol vk wEA oy wud Auzg BAves I ¢ EHE

Zqstel, BLIPssh A4 Aoz 4558 sAu AAd geistd wstd 29
gulde 79T Ao Juen

7}. bliA, bliB, bliA and bliB FAA7} A Hoz AAE Streptomyces
exfoliatus SMF199] null mutant9] A%

(1) bliA %A A2 knockout

BLIP-1& coding3lE bliA & HdApe] F7tel hygromycin resistance genes 3
7tero @M S exfoliatus SMF19 A4 bliA:‘hyg mutant® LA bliA AA FA
A2 Z¥s YE pSMF11019 4 Kpnl-Xhol (2kb) fragment& €14 pZErO-2
WE] o] subcloningdte] pSMF11041& AUt} hyg X 2kE pJOES29 A 45 €
o] Mfel Ad&2E ¥o] PCRE F3l FEH3AT (B'-GTCGCACAATTGGGCG
GTGGCGTACACCGT-3'/5' -GAGCTGCAATTGAAGCTCGGCCGACCACCC- 3')
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PCRZ Ao hyg F+HAE Mfelo & &34 pSMF110419] EcoRl ¥ Ao A 743t
S 2M pSMF11042¢ <LAtt. pSMF11042¢] Kpnl-Sphl (3.5kb) fragmentZ
Kpnl/Sphl A& 43 A d pl]702 #Elo] ligationdte] pSMFE110438 2 <lc}
pSMF11043< S, lividans®l transformationdt®] hygromycin (50 ug md )3}
thiostrepton (50 ug me™H)°] A 19 TSB iAol A A&} transformant® 9 )il
o 7]A plasmid (pSMF11043)& 2¢| 38l S. exfoliatus SMF199 transformationd}
At S exfoliatus SMF1994 pSMF11043% $H+3tal ¢l transformantE 1o
hygromycin (50 ug me )% 83 9= minimal mediumol A 58 A o vl &35}
o] Hyg'/Thiostrepton-sensitive (Thio®) recombinant (S. exfoliatus SMF110451)&
A At

(2) bliA A A9 knockout

bliB A2 knockout e AZRE YA E biB SAAe] FH
hygromycin resistance gene2 A7 2M S exfoliatus SMF199| 4 bliB: hyg
mutantE LA FAE bliB FHAE TIEL Q= pSMF25194 Sacll (1.6
kb) fragmentE Ao} pBluescript II KS(+)dl subcloningdt®d pSMF252& Al
pSMFE2529]  BamHI (15kb) fragmentE® pZErO-2 W Elo] subcloningstd
PSME2521E EAth hyg WA pJOE8299| Al 4&E: Fof Mfel AltaLE ¢
PCRE &3 %3t PCRE 5% hyg 1A+ Mfel22 22 5 pBluescript
I KS(+)/Mfel | insertionA # pSMF312& W&t} pSMF3122] Kpnl/Xbal (1.4
kb) fragment& pSP729 subcloningdte] pSMF316<S AUt hyg F2AE £
3til ¥ pSMF316e Xhol &2 #etr 2old fragment (1.4kb)E pSMF25219]
Sall siteo] HI7Fgo=4 pSMF3198 TEAC. pSMF3198 Bgllz A& F
plJ702¢t  ligationAl#  pSMF320& <4tk pSMF320& S lividansel
transformationdt4 hygromycin (50 ug mé')¥ thiostrepton (50 ug m¢™)o] #71€
bennett ¥l 2| A A el transformantE P13l 9 7]1A plasmid (pSMF320)& #
g3l S exfoliatus SMF199] transformationdtth. S. exfoliatus SMFE199l A
pPSMF320% #3831 Q¥ transformant® 2] hygromycin (50 ug mé)¥H<
$3tal 9lE minimal mediumol Al 59 Atiujek 3t Hyg'/Thiostrepton—sensitive
(Thio®) recombinant® 41t}

B
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Table 5. Microorganisms used in disruption work

Microorganisms Characteristics Reference
.. ) . Hopwood,
S. lividans TK24 Wild~type strain, str-6

1985

. . Kim and
] A —lactamase inhibitory protein
S. exfoliatus SMF19 ) o ] Lee,
producing strain isolated from soil

1991, 1994

E. coli DH5 a

S. exfoliatus SMF110451

supE44 AlacU169( @ 80 lacZ AM15)

hsdR17 recAl endAl gyrA9 thi-1  Hanahan,
relAl hsdS gal(cltsi857 indl Sam7 1983
ninb lacUV5-T7 genel)

This

bliA::hyg (no producing BLIP-I)
work

_41_



Table 6. Plasmids used in disruption work

plasmids Characteristics Reference
pBluescriptll . .
E. coli vector (amp’, lacZ, lacl) Stratagen
KS(+)
PET-30a(+) E.  coli over-expression vector (kan T7lac Novagen
chloramp)
pZErO-2 Kan® Invitrogen
pSP72 Amp" Promega
pJOE&29 Streptomyces plJ101 replicon; Hyg" J. Altenbuchner
plJ702 high copy number plasmid of Streptomyes, Tsr Katz, 1985
plJ486 high copy number plasmid of Streptomyes, Tsr' Hopwood, 1985
pSET152 Am' lacZ @ Gene, 116, 43
pSMFE1130 pET-30a(+) vector containing bliA This study
pSMF1101 the recombinant cosmid containing bliA This study
pZero-2 derivative containing c. 4kb Pstl .
SMF1104 This stud
p fragment hybridizing to the gene probe, BLI1 1S study
PSMF1106 1.5 kb BamHI-Apal insert containing bliA in This study
pZErO-2
PSMF110041 2 kb Kpnl-Xhol insert from pSMF1104 in This study
pZErO-2
pSMF11042 an insertion of Ayg into EcoRI of pSMFE11401 This study
PSMF11043 45 kb Kpnl-Sphl insert from pSMF11042 in This study
pIJ702
pPSMEF251 4kb Apal insert conferring bliB in pZErO-2 This study
1.6k 11 i ferri B 1 SMF251
DSMF252 . b Sac .msert conferring bliB from p This study
in pBluescript II KS(+)
1.5 kb BamHl insert conferring bliB from
pPSME2521 pPSME?251 This study
in pZErO-2
1. 11 i in pBl ipt I
PSMF312 4kb Mfel insert conferring hyg in pBluescrip This study

KS(+)
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(3) bliA%} bliB A A9 5 A knockout

bliAS} bliB7} F Al disruption® double mutantE 27 s S exfoliatus
SMF110451 (bliA: hyg) A bliB A A2l F 7t apramycin resistance genes
A7ysksith pSP72 WE & Xhol/Salle & A& H self-ligationA| A pSMF43041<
At @A bhiB FHAAE EEEL JdE pSME25194 Sacll  (1.6kb)
fragment& Ao pBluescript I KS(+)ol subcloningdlte] pSMF2528 <Al
pSMFE252¢] BamHI (1.5kb) fragment® pSMF430419 subcloningdlted pSMFEF2520
E Ao pSETIS24 A apr F#HAE Sale.2 AE F pSMF2521/Sall o 7}
AlA pSMFE3274 4o}, pSMFE327S BglllZ A2 H plJ486/Bgll o ligation?l
7 pSMF328% AUt pSMF328< S, lividans TK249l transformation*]#
apramycin (50 ug m™) 3} thiostrepton (50 ug ml )o] E0)7} bennett mediumel A
AbetE colonyE Aol pSME328L & stdvt. E8ld pSMF328< S. exfoliatus
SMF1104519 transformation At S exfoliatus SMF1104519] 4 pSMFEF328-8 &
f38ta Qe transformant® o] hygromycin (50 ug mé ), apramycin (50 ug mé
Ne TEE 1 9 minimal mediumel A 3H Aul st Hyg', Apr and
Thio® recombinantg& 4 ¢t}

AV

Y. Yeast Two Hybrid& o] &3 HJ 328 dwdo] AA

(1) Yeast two hybrid system< ©]-&3 BLIP-I, B9 ¥ %A-8 dhulao]
AME TS BLIPY AA W 9 74

ohH &34

bliA #FAAE F24Y357] Y8 pSMF11401& F¥ o= 3si1 BHA forward
(5'-g gAA TTC CAT ATg gTg gTg AAg gCA Cgg ATT gCg-3')% BlA
reverse (5'~-CgC ggA TCC TCA ggT CAg gCT gCG CTg gTA-3")2 primer®
3t pfu polymerase (Promega)® blAE ZZE3 Y. ©olE& pGADT79 Ndeld
BamHI 8] 2 2493 WE 7} pGADT7-bliA°] i pGBKT7¢ Ndeld®} BamHI =}
U2 29T HE st pGBKT7-bliAC T o9 2 WHO R pliB +3AE €2
J3t7] 98] pSMF252&8 3o ® 311 BliB forward (5'-CCg gAA TTC ATg
CCg AAC ggA ATC gTC CgA-3')3} BIlB reverse (5'-CgC gAA TCC TCA
gCC CTT Cgg ggC gTA ggC-3)2 % 39 pfu polymerase (Promega)® bliBE
FE39 . o]& pGADT7Y  EcoRI# BamHI A#El2 E243  9WE7s)
pGADT7-bliBoliL  pGBKT79 EcoRI% BamHI A2z 2293 HEH7L
pGBKT7-bliBo|th. RE F& 482 sequencing (Takara)S T3 4714<EE& &

At o
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() 8% A 83 A

1 m9] YPDAC] AHI109 #5& %3 % 30T, 250 rpmel Al ODeno] 1.5014
" w72 wjFsta o= A 71 & 300 mu YPDA®] ODsypel 0.2 - 0.3°] H%
Z A F 30T, 250 rpmol A ODewol 05 - 1.00] € wi7px] sffstAch ol &
1,000 x g, 587 A2 58 T dag 1 X TE HHo] E4bsk obg oA g
W 1,000 x g, 587 A2oA 5P F 15 M9 1 X TE/LiAcH 3o &4ttt

olgA FHlE T 100 wE PEAFE sz = FHAUE 01 ug® herring

=}
testes carrier DNA 0.1 mg 41 % 06 me PEG/LIACEHL ot
F 30TelA 3023+ 200 rpmoi w70 e DMSOE #H7bstn =42

rSL‘

EUﬂ Aol FAT. 42TelA 1683 E& 7} F1- 283 A&l wob FU
10,000 x goll A 57 |4 & 0}051 AIE 2SS F 05 w9 1X TE WA 24
31 1 ¥ SD/-Trp/-Leud} SD/-Trp/-Leuw/-His/-Ade s}Xlol] =¢3l5t.

Ij

(t}) B-galactosidase assay

5 mY SD/-Trp/-Leuol @2 A3H AHI0E HFT & 16 - 18A1ZHE<t ¢
st wickld 2 m& 8 mee YPDel AWid & 30T, 250 rpmell A ODsw©l 0.
0.8°] & w7}zl wiFa it 15 mee] wikelS 10,000 x g2 30% &<k A
o] FEFata 15 me] ZH o B4k 10000 x g2 30% Tt oHA
g3la 300 b ZH e BAAZ F Al FEO 100 g FojFdet. L jli
2o 05 - 18 B¢ dya 05 - 182 37CTAHA HAn. of #A4 S
%, B-mercaptoethanol®] /% ZWH¥H 700 we ONPG7F &€ ZH%H 160 =
YolFa 30CHA wSAAT E333E= 100 19 Z¥ A9 B-mercaptoethanol ]
e 2 700 LE Aol TEJT WA FR Mo xMoz WY U
7EA el AIZHE AT 400 48 1 M NaxCOzE o] ¥he& F8AZT. 10,000 x g=
1087t A28 sta A5 A9 ODme T3k 248 MEE9 B-galactosidase unite
T gt

o =
o2

rEJ%rizu

oo 2 oax Ao
oo M ©

B-galactosidase units = 1,000 x ODs20/(t x V x ODsw)
t = elapsed time(in min) of incubation
V = 0.1 m¢ x concentration factor
ODsw = Asww of 1 mé of culture

_44_



Table 7. Microorganisms used in Yeast Two-Hybrid work

Microorganisms Relavant characteristic References

E.coli
F-@dlacZMM15endAlrecAlhsdR17(rk-mk+)supE44  Hanahan, 1983
thi-1gyrA96

DH5a il
MlacZYA-agrF)UI69A-

Yeast
MATa, trpl-901, leu2-3,112 ura3-52, his3-200,
gald &, gal80 A,

AH109 LYS2::GALIUAS-GALITATA-HisS3, James et al., 1996;
GALZUAS-GALZTATA-ADE?, Holtz, Unpublished
URA3."MELIUAS-MELITATA-lacZ
MAT?, trpl-901, leu2-3,112 ura3-52, his3-200,

Y187 ade2-101, gald &, met-, gal80 4, Harper et al., 1993

URA3.:GALLIUAS-GALITATA- lacZ, MELI
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Table 8. Plasmids used in Yeast Two—-Hybrid work

Selection on

Vectors Description SD Medium References
GAL4 - A 2 . HA
bGADT7-Rec ALA(T68-881)AD, LEUZ, amp’, H ~Leu CLONTECH
epitope tag
CLONTECH
GAL4(1-147)BD P1, kan', ¢~
pGBKT7 " i ) JBD, TRP1, kan', c-myc -Trp Louret et al.,
epitope tag 1997
bliA inserted into Ndel and BamHI ‘
GADT7-bliA -L This stud
b " site of pGADT? e 15 Sty
bliB inserted into Ndel and BamHI
GADT7-bliB -L This stud
P P site of pGADTT e 15 sty
bliA inserted into Ndel and BamHI
GBKT7-bliA -T This stud
P h site of pGBKT7 B 18 SHEY
bliB inserted into Ndel and BamHI
GBKT7-bliB -T This stud
P " ite of pGBKT7 P 18 Sty
S 1 T-anti - i
SGADT7-T V40 large ant1ger:(84 708) in Leu CLONTECH
pGADT7, LEU2, amp
SGBKT7-53 murine p53r(72—390) in pGBKTY, T CLONTECH
TRP1, kan
H laminC(72-390) i T7
PGBKT7-lam | Luman laminC( ) in pGBKTY, “Trp CLONTECH

TRP1, kan'
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(2) S.coelicolor cDNA Library Al 2t

BLIPse] A W S&& #gstr] Yate] GriAge] ov &#H % S coelicolor
9] cDNA libraryE A|#3+e BLIP-13 BLIP-IIE 7FA 1 43528 d@#ds 747}
Aoz o] F guldo) M U IdTL FHItiLA T

(7}) mRNA extraction by RNeasy Protect mini kit

Streptomyces coelicolors 1x10°0) € wWi7}x] 4T A 3 - 583 5000 x g&
A RGeS FE3o lysozymes TFHstn e TE®H 100 plol FAtsha
RLTHH 350 w< H7stok 250 @b ol&2 (96 - 100 %)& #H7tsha o
RNeasy mini spin column®l] ¥ i 8000 x g& 15%37F ¥4l & dg. 22
RW1 # 3 700 42 RNeasy mini spin columneoll ¥ 1 8000 x g2 15%7F
g gkt RPE buffer 500 S RNeasy columnol] %3 8000 x gZ 15%37F ¥
33 RPE 500 @® 94 2718 ¥ Hnsrz o8 A4eac A
RNeasy columne &7]3 RNase’} AA"E TDW 30 - 50 & ol 800
g& 183+ %VEH?:EJ?}C}.

—_—

05

= ni e ¥
Iz Mr oo jo >>L

2 W ook oo E

o
X

(4}) Random Primer& ©]& & First-Strand cDNA &4

dad 025 m FEHol 1 - 2 ¢ RNA sample, 1.0 @ CDSII/6 Primer
(Random primer, 5'-ATT CTA gAg gCC gAg gCg gCC gAC ATg -NNN
NNN-3)8 ¥olF3 40 wrt @ 4712 TDWE %7]'5]'5]' T2CA A 283 s
3t Eoo 283 BotE ¥ 7?:”\1%0} AAE7IE Jher grsEn A7) 2.0 ul
5 X first-strand buffer, 1.0 ¢ DTT (20 mM), 1.0 @« dNTP Mix (10 mM), 1.0
W MMLYV reverse transcriptase® 91 9.0 w7} € w7tx] TODWE FH7}sot 25
- 30ColA 1083F wjdstar 42ColA 1027 o wigstt. o 7o) SMARTII
Oligonucleotide (5'-AAg CAg Tgg TAT CAA CgC AgA gTg gCC ATT ATg
gCC ggg-3) 1.0 wE ¥ 75CA 1083 FolE § A2dA FrE H8Erh
1.0 40 (2 units) RNase HE #H718la 37 CollAd 2083 WA ZIth 27Fe 05 md
TR 2 mE ¥ F, LD PCRS Ao

(c}) Long Distance-PCR (LD PCR)& o] & 3% ds cDNA %

2709l FrBol 2 w First-Strand cDNA, 70 wf Deionized H20, 10 @ 10 X
Advantage 2 PCR Buffer, 2 w0 50 X dNTP Mix, 244 5 PCR Primer (5'-TTC
CAC CCA AgC AgT ggT ATC AAC gCA gAG Tgg-3'), 2wt 3" PCR Primer
(5'-gTA TCg ATg CCC ACC CTC TAg Agg CCg Agg Cgg CCg ACA-3'), 10
w0 10 X GC-Melt Solution, 2u¢ 50 X Advantage 2 Polymerase Mix& ZtZ} % o
Zt} 95TelAM 30 7198 ¥, 95T 10%, 68T 6% F #AFES 22¥ ¥wEIo 1
$ 68Coll A 5&3F 537,
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(8}) CHROMA SPIN+TE-400 Columng ©] €3 ds cDNA9 &

CHROMA SPIN Columng <& ¥l 4o]50] gel matrixE EAMAAFE F 700
x g2 587 dARYIF cDNA AE 95 wE 7o YojFa 700 x g& 5%
WA EEE ¥ columnes 3% &948 Zet I ¥ 1/10 39 Sodium
Acetate (3 M, pH4.8)3 25 'I‘J']"] 95 % A EeS Yot 1AHsQ 20T
FTOohE F 10000 x goll A 2087t YR, F5AS A4HF] AAT 1087
AZAZT 20 e 979 %— Frofl =l

(m}) FA 3} ds cDNAY pGADT7-Rec AHIOQ?—EI_‘?I:EQ] FAAg

1 mee] YPDAY AHI09 o5& HET ¥ 30T, 250 rpmol 4] ODgwol 1.5 o]
g w7tA] 7]} oA 7] TE 300 meel YPDAO] ODswol 0.2 - 0.3°¢] Hix
E Al F 30T, 250 rpmoﬂ/ﬂ ODew®] 05 - 1.0} ® w71x] 7]-&th. ©] & 1,000
X g, 5t A2 &5} F 98 1 X TE Wy BAksch ohA] g 1,000
X g, 583 oA FE5T —I— 15 m9l 1 X TE/LiAc W o] &Akgtt o2 A
FH"E o 600 LE 20 @ ds cDNA, 6 ul pGADT7-Rec (05 pg/wh), 20 b
Herring Testes Carrier DNAS &7 4dojsch 2 & 25 mle] PEG/LIAC €4&
BolFa A HolErh. 2 F 30TolA 4587 200 rpmeE v ¥E F 160 ul
o] DMSOE #H7}stz A AgA 4o 5—‘:} 42°Col M 2083 €& 7t & 700 X
goll A 5E dAEESY HMEE & F 3 mﬂ«] YPD Plus Liquid Medlumoﬂ
AAIZITE 30T A 90E7F 250 rpme E wl$d 3 700 x gollA 57 YA B s
o AZLE 22T} 15 m2] NaCl €9 (09 %)l &4Fsta 150 w4 SD/“Leuoﬂ
Gttt 30CAA F2Y7E AZ u7tx] 3 - 64zt wjgsch wiA & 3 - 4AF
4Co| EoLE ¥ 5 ml freezing mediume Z+2Z+e) #jx]o] Bolsg, E2YE £
237 FoRom MESFTF 2 x 107 cells/mte] B W7HR FHFch 1 my 5
04 ~80Col R#3}a library 718 AArsH7] 98k 1008, 10008), 100008 34
100 & SD/-Leudl| =%3te 30CAA Z2U7t A2 dqr71x 2 - 3497 WY

*P,L’an-?aPﬂ

) 4°l'

o
Orps

=3
(3) BLIP-1 ¥ BLIP-II¢} 43 2g 3= aWAde HAA

(7F) Maingoll 3 A A

15 m ¥ EFHo Qe AHI09 [ibrary]lE A20A o3 Y187 [bait] wl %
Az} oA 2 L Hud %E}Aﬂﬂ Hol2 2 X YPDA/Kan (50 ng/me) 45
mE HA7Fsla, 20 - 24 AlZEQF 30TAA 30 - 50 rpm e 2 ujFETh. 20413 &
Bt Al HIAE FAsa 4AE e o matingAl it EoE 100 wl
HAEY €719 mating EFEES SAHAFZ 1000 x g& 1087 fAEETY 05
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X YPDA/Kan (50 ng/me) 10 méell cell pellet& #AHA|Z1th mating £&5 AAESH
71 & 10W0, 100w, 1000Wd, 10000@ 3 Alete] 100 w@b® 3FFe SD/-Ley,
SD/-Trp, SD/-Lew/-Trpol %3ttt A mating mixture® 200 @3
SD/-His/-Lew/-Trp, SD/-Ade/-His/-Leu/-Trp/X-a-Gal ®lA¢] T E3dle 24
b AR wbA 30T A wigEth F2UE Ao mating £&& AASTH

# cfu/ml of diploids / # cfu/ml of limiting partner x 100 = 96 Diploid

(W) 28 Eg2v9 §y 9 $F

A9 matingd e Az Y WEEZE /AT e FER ERIFE 4 - OH
SD/-Ade/~-His/-Leu/-Trp WA Ahs 3 SD/-Trp/-Leu 5 ml °“Z4]HH7<]°1] HE
b 316 - 18A1ZFS wilF F 10,000 x gollA 58I AR MEE AT
l?ﬂ 3L, RPM Yeast Plasmid Isolation Kit& ©}-€3t4 BD-Bait®t AD-cDNA 7}
o] vector® FEAA EFEIFHT TERoA d& AUl vl Ao, F
7o #WEs do geonz AL dREsE B UG B4 &
3l AD-cDNAE 7IA 3z & ¥E, pGADT7HWHE &, Edtofof gt

Az e FZ2S Y3, AT (B coli DHba)ol X4 &3 WeE 9
g ANZIY o] W AD-cDNAE 7HAl2 & pGADT7 WHRHE F#8tr] s,
pGADT7%o] WA zH= LB + Kanamycin (50 ug m el A o] E=@ste] FQt},
14 - 1647 & g AZ2=Uwre WA LB + Kanamycin (50 ug mé Hel 3
Z35ted 14 - 16A17F vij9F 3 alkaline lysis solution¥ < ©]-43l% minipreps 3}
Atk 1 F, pGADT79l £} ¢l BLIPY A&aE ste FRWd fdxe] 2

E 47 Sk, f2A7E Eo7F e HE e dH F2Y A (Muliti Cloning
Sites)F ol A G2 4 ulgZd = FEcoRl# BamHIC 2 A|tE A A st
283l 1 % agarose gelol ZolAd H7|9d%s 3 F EtBr2 @43 3 UVE #F
sto] BLIPS} 4324 ste ez 7ldEe Frdidgdste a718 U5
=3

p

01(

%0

o ot m\n
do ol

|

O

O

t}. Two Dimensional Electrophoresis® ©}&3% BLIP-13 BLIP-II¢] target
dad A

(1) S. exfoliatus SMF19¢] wj %

S. exfoliatus SMF19 wild type, bliA disruptant Z¥]3 blB disruptant T
(Table 9)5< Bennette LA oA 30C, 1FLAE wWIs T single colonyE 1A
YED 3= TSB HAui#] 100 meol] Ltk A4 wiAlolA 30TeA 150 rpme=
487 7F Wik ¥ 5 4 fermentord] HA H3 4 29 10 %E HFTsAY BLI
-producing A (glucose 2.5 %, soytone 1.5 %, veast extract 0.2 %, CaCOs; 0.06
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%, KoHPO4 0.12 %, CoClz 6H20 0.0001 %, FeSO4 0.00025 %)7F Ab&-H3iom vz
AL 30T, 300 rpm, 1.0 vvmo 2 391 3 - 4 A7k WS sk 6 - 7 Al A
& AHst AxTAZEFY BLIP 84 183 GlucoseT =S A% a3ty dx oA
24 YA S 10 e A g vE FAE Dol 5 AR AU At
gl A9z 33 AHEs F 80T AxloA 1241 dxete] Az dAFS FAH
oh F22 A5l tiste] F o ukE dgste] HEghs e AR RS
LA HE $8% Glucose E-kit (FE5A %, Co., Ltd)E AHE3t A a3t

L oox o

S
0
-
i

] A B-lactamase inhibitor2] A3 &4 =54

Gl 2 A B-lactamase inhibitore] A& @48 penicillinased| wg Az &4

-2 Penicillin G (Sigma Co., Ltd)% Iodine solutiong %3] <ol® & (Sawai
et, al 1978) W& WFsy A& wMIFAE o 6000 x gollH 30& <
QRGeS A AS5HAE AL&3le] T B-lactamase A S S0 &
A 20 mM phosphate buffer 2.34 m¢S test tubeol B ¥ A5 H 100 wst
Bacto penase (Difco) 20 pE 91 4 3 A2 587 preincubation A 71T
Substrate solution 250 & 713 & 37Co A 30%37F incubation ¥ $-° Iodine
reagent 2 mé (95 % acetate buffer (pH4.0), 5 % LKD<S #7138 Fo] ODsgoll A
FHEE AR, &4 Ade dgy 22 wHE AHEEY penased] A

A Asfgrez Axtstdch

Control : blank without enzyme - blank with enzyme
Sample : blank without enzyme - blank with enzyme
Activity (%) = (Control - Sample)/Control x 100

(3) Al ) duds A 9 guld MZol Ful

Cell free extract$} extracellular proteing #¥R]3dt7] 93] AE (50 m)S WA
10,000 x golAd QAR E slo] A5 A pelletS Wz T2t} Cell pelletS THA|
DW X+ extraction buffer (1.5 M Tris-HCl (pH8.8), 5 mM MgCl)= washing
g ¥ 2-4 m¢ extraction buffer®] resuspensiond}il, French press cellZ ©]-§3)
14,000 psi®] ¢Ho =2 celle stz 170000 x g& ultracentrifuge (Beckman)&
ol g5t YA Helstey A5 A = cytosol fractions FE=t}h A5 HE DNase I3
RNase AS #7}st & -20ColA 20 - 3083t AASA nuclectide® 38t} =
ot 2 F e 239 TCA/Acetone (20 % wt/vo)S © g & -20Ceo A 1A]7ko]
A AT 12000 x gollA 1587 9AEEE 3o WAL & ¥, cold
acetone2Z F W Ao]FETh I F 58I dryd §F lysis solution (8 M urea, 4 %
CHAPS, 40 mM Trizma base) 0.2 - 04 mlol] &t AX & dldy HLE,
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ALl AE (50 m)o A B A5 Y F o TCA/Acetone (20 % wt/vol)
Gk &, -20TolA 1Az o] AAsAn. AA7F #d F 12,000 x gl 15
AR E sl diE S B E cold acetonel® F ¥ AojFEn. o &
w2 Ax% % lysis solution (8 M urea, 4 % CHAPS, 40 mM Trizma base) 0.1
= 02 meell =odEoh AE O gids Ax 9 gwEg FHd F Bradford
(Bio-Rad, Co., Ltd) ®¥H& o] &std zF MFo] tild v & AFsdch

Hr o

(4) TIEF (Iso Electro Focusing)

IEF (Iso Electro Focusing) system.© 2 IPG phor system (Amersham, Co., Ltd)
= AHE-SEIT shtel stripell 150 pgol ME YA E loading3H3 &M pH 3 - 10 (NL,
13 cm strip)& o] &3tk ME 242 cell free extract T AJE 9 w2 30 - 50
W, DTT 0.7 mg, 05 % IPG buffer (pH3 - 10, NL, Amersham)< rehydration
bufferel ¥ol FAx HF = 250 Uz 3Rk #8149 250 w9 WS IPG strip
holderel ¥ 38}A loading3 F, -20TC A B#stm 9+ IPG strip (pHS - 10, NL)-&
Aol AL ES AAT F gelS AF £o= F3lo] holderd] HolFt}h, ada IPG
Phor systemo] %o} 204]7ko| A A7|9 58t IEFS A3},

(5) SDS-PAGE

20A17Fol g IEF7F B 3 stripg 7AW} SDS equilibration buffer 10 m¢ (DTT,
10 mg me Dol Qold HHE EEo] FUA 1587 incubation®Th H WA
equilibration®] Y ¥ buffer® W]z oA SDS equilibration buffer 10 mf
(Iodoacetamide, 25 mg mé )l stripg %olA oAl 1527 incubationdtt}.
Equilibration®] €4¥ #9125 % SDS PAGE (Proteanll, Biorad Co., Ltd)el
strip2 geloll & YHAHEE 9o ¥o}5 I sealing solution (5 mg agarose ml' SDS
electrophoresis buffer)& 1 - 2 m¢ AE HoM stripg LAY Ft}h sealing
solutiono] oW <dF7]ol FAstd 20 mAR AT A7]|FFE AFET o= A

% sealing Solutlonoﬂ stacking®] €4H 30-50 mAZ AFE A H/[HES gt}
2-DE7} €4 ¥ gel& Coomassie brilliant blue solutionllA] ofg] A|zF &9k H A3}

% destaining solution (5 % acetic acid, 15 % methanol)l|4] destaining

filo
_O'L
38
)

(6) Western blotting

514 st dE-S denatured® AEIE H7|9%E 8 F transfer buffero] 30
%t equilibrateAl Zth. Sponge, 3 MM paper, gel, NC membrane, 3 MM paper,
sponged] 2.2 transfer cassette® HE 3o 300 mAlA 1A 7HE¢ transferdt i ot
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Table 9. Microorganisms used in Two Dimensional Electrophoresis

Microorganisms Characteristics Reference

B-lactamase inhibitory protein Kim and Lee,

S. exfoliatus SMF19 ) o .
producing strain isolated from soil 1991, 1994

S. exfoliatus SMF19
bliA disruptant

bliA:‘hyg' Kang and Lee

S. exfoliatus SMF19
bliB disruptant

bliB:‘hyg" Kang and Lee
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of W I 30% HHOR nrolFEnh Transfer’t Y 5 membranes ol
freshstAl 4] € blocking solution®] 1A17+5< incubationdtgth. oo} TTBSZ 15
¥, bit, 5% A2 2 washing #F 3L primary antibody (2 ¢4 m¢™H)E F713E 9 14
ZF incubation &tk 15837 3% washing 3F 1 secondary antibody (Amersham
Co., Ltd, HRP-linked, 1 #f m¢ ) 23 30%7} incubationd ¥ t}r] 15837+ 3%
washing 3l T ECL (Amersham Co., Ltd)& #lstg )

Y. GST Pull downol 2]3 BLIP-1I9} #3388 galdol AA

1 224

bliB +HAE F24Y3s7] Y& pSMF252& F38 o2 8t bliB forward
(5'-CCg gAA TTC ATg CCg AAC ggA ATC gTC CgA-3)3 blB
reverse(5'-CgC gAA TCC TCA gCC CTT Cgg ggC gTA ggC-3)2 2 3t pfu
polymerase (Promega)® bliBE % Z3lo] pGADT79 EcoRl®# BamHIAlgl& &2
dstd pGADT7-bliBE A ZstAth. BLIP-II @¥lde] GSTE 2957 94
GST #AAZE e pGEX 4T-1 HEdl bliB FHAE F24Ystr] Y34
pGADT7-bliB¢ pGEX4T-1% Z}7} EcoRI/Xholo & AH#sle] gel extraction
(E.ZZN.A gel extraction kit)3 3 ligationAl#A pGEX 4T-1/bliBE W=t}

(2) Overexpression test

5 m LA (LB + ampicillin 100 zg m™") brotho] pGEX 4T-1/bliBE & A A3
E. coli BL21(DE3)& HZF3% ¥ 37ColA 150 rpmo. 2 ODew®l 0.4 - 1.00] 2 o
7HA w4 IPTGE FF5 % 1 mME H713 3 oA 37Cod A 150 rpme.

2 3AIZF F<F inductionAl 71 ¥ samplingdte] ODgps = A g},

(3) ¥ 383} (fractionation) 2 solubility A

WFd " GST-BLIP-119]  expression locus®t solubilityE &otRz] 98
microtube F 709l inductionA}Z] sample® 1 % Z}zZF @i 10,000 x g& 187+
AAFEE 8t cell pellet& A=t} Total cell protein® 100 ¢ PBSe cell pelletS
A w4kska 2X sample buffer® ¥ ¥ sonication (15 % amplitude, 2 sec ON,
5 sec OFF, 5 rounds)3te], 70TCA 3#3F denaturationAl# 8|8 YA
FHOE 100 ©f 20 mM Tris-Cl, pH758 93 Y% ZA O % sonicationd 3
14,000 x g2 1087 d4l& g sto ASHe oz 2ol 100 wl 2X sample buffer
E o] 70CNA 383t denaturationA] A soluble fractions L0210 cell debris
pellet< 100 £ 20 mM Tris-HCl (pH75)% % ¥ washing3dtdth 100 L 05 %
SDS®} 100  2X sample buffer® YolF i, U3 Z7 9 F sonicationdt 3 70
TolAl 3%%t denaturationd}™ insoluble fractiong <Atk Total cell protein,
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soluble fraction, insoluble fraction®® <H| ¥ samples 12 % acrylamide geld] &
71 94&3te] GST-BLIP 119 locus$® solubilityE 913k},

(4) Scale up

5 m LA (LB +ampicillin 100 zg m¢™") brothel pGEX 4T-1/blBZ $AAZH
E. coli BL21(DE3)S AF¢ ¥ 37ColA 150 rpm2& ODsw°| 0.4 - 1.0°] & o
7hAl df kgt o] A8 200 mé LB media 570l 2 mi# H%E 3} ODgoo) 0.4 - 1.0
of & uwi7}A Wi & IPTGE HESTX 40 UIME H7EgE 3 20TolA 1247
HH OO}Z'CISJ-E]—'

(5) Cell extraction 4| - soluble fraction
HolA wikgt 1 29 wlgFALe 10000 x g2 58 A
5, A7k 1X GST Bind/Wash Buffer 40 méoll #AHAIZ1 =)
sonication®] Y French Press € %3] lysis A7) &, 39,000 x g2 20%-7F 94 &4
3

st A5 der dojulitt A5 NS 045 ym membrane®. & filtering 3F Tt

(6) Prey protein® #4v|& 9 S. exfoliatus SMF192] ]

Prey proteine S. exfoliatus SMF19¢] wjd o & B g extracellular fraction,
cytoplasmic membrane® cell wall % cytosol fraction®. & Yo £H gt F
Ee MM S exfoliatus SMF199] L& TSB wiz|o] HEFss, 30C, 150
pmo Al 48417 Fot wjkEt}. S exfoliatus SMF19¢] fermentor #f<¥ol:= 5L
2.9 jar fermentor (KFC, Korea)E Ab&3%th. wjekux]= BLI-producing HiA| &
AREStaL, o HEFL BAL T v 9 MGd S 10 % FEE FE
i 202 30T 255 FA8HA 300 rpme) agitationg 3 Fi1 E71&2

1.0 vvme g2 HXA 3},

(7) @9 d A& £93)

vl gt cellS 10,000 x g2 2087 948839 cell pellete 93 4592 B
2]l extracellular fraction® 9+t}. 10 mM Tris-HCl (pH75)2 pelletg ¥ #
A oJF 31 French PressE AF&3td 900 psiZ cellS disruptionAlZ1th 5000 x g&
1583 dAEYsd Feaw do] AXA L celle AATTH 170,000 x g2
60EE YA EE 38

A5 N Cytosol fraction® 2 Ealdtal pellete Triton
X-100 1 %7F E3Ho] 9= 10 mM Tris-HCl (pH7.0) 2 méol] EAHAA
cytoplasmic membrane® cell wall fraction® 2 Ao it}
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Table 10. Microorganisms used in GST pull down

Strain

Relavant characteristic

References

E. coli DHba

E. coli BL21(DE3)

S. exfoliatus SMF19

F ddlacZAM 15endAlrecAlhsdRI7(rk mk' )supE44
thi 1gyrA% A lacZYA agrF)UI69A4

F ompT hsdSp(rs mp )gal don(DES)

p-lactamase inhibitory protein

producing strain isolated from soil

Hanahan, 1993

Novagen

Kim and Lee,
1991, 1994
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Table 11. Plasmids used in GST pull down

Vectors Description References

pSMF251 4kb Apal insert conferring bliB in pZErO-2 Park, 1997
. i 1 bli 1

SME252 .16kb SacII. insert conferring bliB {from pSMFE25 Park, 1997
in pBluescript II KS (-)

pGEX 4T-1 .Expressio’n vector of GST tagged fusion protein Amershan
in E. coli
bliB i ted into Ndel d BanmHI site of

OGADT7-biiB 1 inserted into el an am site This study
pGADT7

pGEX4AT-1/bliB pGEX 4T-1 contaning bliB This study
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(8) Column chromatography

GST Bind/Wash Buffer 5 volumes (125 m{)S &85 resing AoAFH T4
o] equilibration 3 t}&, 49 cell extract (bait sample)E column®| loading 3t
o}, 1X GST Bind/Wash Buffer 10 volumes (25 m)22 resing HoiFi
flow-through fractiong F.o}lAd dgo B &3t} columnol caps 7% &, ©njd
prey protein samples E#H T 4CoAAH AL 3 Al AE rocker® &
incubationA] Z1 . capg 7 £ prey flow through® REo} ¥ go Hudth 1IX
GST Bind/Wash Buffer 16 volumes& Z# 59} bindingdtx] ¥ a2 Ao
=T} Wash fraction® Eola 4S8 H#AITY 1X GST Elution Buffer 3

volumes (7.5 ml) S & resinol] 23 Gl z-g "ol wyF,

-

3. 44 4 u#F

b/

7b. bliA, bliB, bliA and bliB wAA7L A¥HCog AAE Streptomyces
exfoliatus SMF199] null mutant®] A%t

bliA +#H A2l insertional inactivation< pSMF110419] EcoRI-Kpnl (1.2kb)
fragment® probe® &} ECL direct nucleic acid labelling system$ A}-&-3}]
Southern hybridizations Al &3t 389tk S exfoliatus SMF199] genomic
DNAE PstleZ AE - 46kbe band7} 2dojx&= ¥4 hygol H7td S
exfoliatus SMF1104519] 7% 6kb H X9 band’} ¥ A (Figure 11). bliB %
2r9} insertional inactivation< pSMF25212] Sacll-Sall (667bp) fragmentE probe
2 &9 ECL direct nucleic acid labelling systems AF83+9  Southern
hybridizationg A 88t <1}t S exfoliatus SMF199] genomic DNAE
Sacllo.2 A& 729 16kbe band’} doiA = ¥FH hyge]l H7FE S exfoliatus
SMF110451¢] 2% 13kb H X9 band’t @i+ (Figure 12). Double null
mutant?] 7 $-% bliAz} oju] gi® FFA bliB FHAE GA] FHF AL &
1st7l $43l, pSMF25219) Sacll-Sall (667bp) fragmentE probe® sl ECL
direct nucleic acid labelling system2 A}&3}o] Southern hybridizationg Al 3}
o #2laAt}. S exfoliatus SMF199] genomic DNAE Saclle 2 x& ¢ 1.6kb
o] band’7} 9oiA= W gpro] A 79 double mutant®] ¢ 3.0kb B %<l band
7} dolHt (Figure 13). S. exfoliatus SMF199l A bliA A A7t knockout® o] 1
gus e waE dolry] H8A S exoliatus SMF19 wild typed
bliA::hyg, bliB:‘hyg, bliA:'hyg/bliB::apr 3% minimal medium®l ¥} 3t}
I A3 mutant ¥FE°] bald phenotyped YEFUHA T mEkAl BLIP-T ¥4 opy
2} BLIP-II 9 A] morphological differentiationol] & g& 44t (Figure 14).
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(A)

probe  EcoRi ———Kpnl
Pst 1 BamHI  EcoRI Apal Kpnl
1 | +
bliA
l disruption
Pst 1 BamH1 Apal Kpni

bliA" hyg bliA

(B)

Pst 1 SMF19
|

(4.6 kb)

SMF110451
(6 kb)

1

Figure 11. Analysis of the bliA mutant obtained by gene replacement. (A)
Diagram showing the replacement of the wild-type bliA gene by a
mutant allele containing an hygromycin resistance gene. (B) Hybridization
analysis of a Southern blot of Pstl-digested DNAs from wild type(lanel),

bliA::hyg mutant(lane2).
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its coding region.
Sacll-digested DNAs from SMF19 (lane 1), SMF19 bliB::hyg (lane 2) and
SMF19/pSMF320 (lane 3). The probe used was the 667 bp Sacll-Sall

(A)

1kb

biiB__,
T T ——
suI S su

X bliB::
S/X Sl SI SHI SIX
1 PSME320 (12 kb}

|

bliB::k
SII S/X SII S SII S7X
bliB X

T 2 7
s SIIJ

!

bliB::h
Sl SX SH su s SX T s
(B)
kb M123
21.2 —»
12913 o
3.5
20—
1.9 i's =
1.3
0.9 —

Figure 12. Analysis of the bliB mutant SMF19 bliB::hyg obtained by gene
replacement. (A) Diagram showing the replacement of the wild-type bliB

gene by a mutant allele containing a hygromycin resistance gene (hyg) in

(B) Hybridization analysis of a Southern blot of

fragment from upstream to internal of bliB.
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(A)

1.0kb

|

bliB::apr
Sl Sl Sl

(B)

Figure 13. Analysis of the double(bliA, bliB) mutant obtained by gene
replacement. (A) Diagram showing the replacement of the wild-type bliB
gene by a mutant allele containing a apramycin resistance gene (apr) in
its coding region. (B) Hybridization analysis of a Southern blot of
Sacll-digested DNAs from SMF19 (lane 1), double mutant, bliA - hyg
bliB::apr (lane 2). The probe used was the 667 bp Sacll-Sall fragment
from upstream to internal of bliB.
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Wild type

.2 5KY HD:Sse  §.9B206 P89

bliA::hyg

bliA::hyg, bliB::apr

§:03 P:89004

bliB::hyg

Figure 14. Growth of wild type and mutants (bliA-, bliB-, bliA- &

bliB-) on minimal medium
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1}. Yeast Two HybridE ©] &3 BLIP-13% BLIP-11¢] A3 && 4wz HA

1. Yeast two hybrid system= ©| &% BLIP-I, 119 A58 Wz
AL 3 BLIPY AA Wl 93 7

BLIP-I1# BLIP-1I7te] A3 #goii el BLIP-I ¥ BLIP-II7F SF o] E&Al
(homodimer)& ©|F+=X& #osl7] 98 2 L& F A2 (Histidine, Adenine 343
T4k lacz +AxH)E b &5 AH1099) BLIP-I, BLIP-II3% BLIP-II¢] #d4&
2293 HHE table 123 & ZFOE FA FHEAHES AAFAH.
SD/-Trp/-LeuBl A1 & binding domain® activation domaing 7 A= F 749
W E]  pGBKT7, pGADT7¢] genetic marker® leucine® tryptophan A&7 =}
7 97 WEel FAARS Flstr] T gz AEHAT. SD/-Trp/-Lew/
-His/-Ade W9} SD/-Trp/-Lew/-His #ix2] 7 ¢ @ Azte] 4o 2o o
2 Z 8 fAx (Histidine, Adenine ¢4 FAxhe @S T 259 AT &
T2 B3 H3AErE 3T ¢ YUY (Table 12). SD/-Trp/-Leu/-HisH|#|
o A$E HEHFAR] A% HeEAqRE st oJgARY, SD/-Trp/
~Leu/-His/-Aded] 7§l s &<lo] 7153t (Figure 15). AR 3 o=,
BLIP-I 3 BLIP-1I7+e] A3 2&o] ¢l&3 BLIP-1 i BLIP-II7} EFol&5dA
(homodimer) & o] FA ¢Eths AL wiAdAM AFE S8 A3, oA o
Al #3l7] YEte, HEEH RAA FoAA laczg &% BHF assayd B
-galactosidase assay® 3ttt (Table 13). A% assay9 ZA ¥ positive control®|
unitzt# ¥lwsled & o, BLIP-1¢} BLIP-1I¢) A 3% 8o $1.3 BLIP-I, BLIP-II

BE X024 (homodimer)E o] A ¥&& &5

=

2. S. coelicolor cDNA Library Al 2t

gko]  AFo|x BLIP-I3 BLIP-TI¢ d3ago] glow FFol5dA
(homodimer) & o] Fx] &2 A3t ch webA, BLIPse AA W &S st
7] 98 FEHEsE target @ AS 7] 93, cDNA libraryE TS0
screeningS 3712 84tk S. coelicolor?l A wiFA) 4 RNAE &ed ¥, RT
(Reverse  Transcriptase) PCRel 938 cDNAE #Astx, LD (Long
Distance)-PCRell 9&] FZ3l9tt. A" cDNA Library 7 (& 12 % agarose
gelol Al 7195 Fo, EtBr (Ethidium Bromide)2 @8l UVZE #&S 23
cDNA7} 4ol & & AL AU 5 YA (Figure 16). T 400bp ©} 59
cDNAEL 319 @¥dS codingdts FAXE 2rde FAFS7] dEd &
4% ¢cDNAZ CHROMA SPIN + TE-400 columng T#A171 A3 400bp ©lsHe
cDNAE L columnolA A HL & 5 d (Figure 17). ©] ¢cDNAE AR, S
cerevisiae Y187#F 9] pGADT7Rec (leucine 44 H A 27} genetic marker)#
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Table 12. BLIPs interaction analysis
by nutrition selection (Auxotroph)

SD/-Leu/-Trp SD/-Leu/-Trp SD/-Leu/~Trp
Plate(Control)" /-His plate? /-His/-Ade plate®

Positive control :
pGBKT7-53 +4++ ++ ++
+pGADT7-SV 40

Negative control :
pGBKT7-Lam +++ + -
+pGADT7-SVv40

pGBKT7-bliA

+4+ + -
+pGADT7-bliA
pGBKT7-bliA s .
+ -—
+pGADT7-bliB
pGBKT7-bliB . .
++ -
+pGADT7-bliA
pGBKT7-bliB . .
++ -

+pGADT7-bliB

1) sAEAdAE #8g A% dxd
2) Histidineol 9% A =-2 3-Aminotriazoles g ojFolol 3 HE 284585 AFsr7t 4 &d.

3) Histidine®} Adenineel] 28 Mg & & o]Fo]zlr},
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Negative control :
pGBKT7-Lam +
pGADT7Rec

Paositive control ¢
pGBKT7~53 +
pGADT7RecSV40

pGBKT7-bliA +
pGADT7Rec-bliA

pGBKT7-bliB +
pGADT7Rec-bliB £ pGBKT7-bliA +

pGADT7Rec-bliB

pGBKT7-bliB +
pGADT7Rec-bliA

Figure 15. BLIPs interaction analysis
by nutrition selection (Auxotroph)
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Table 13. PB-galactosidase assay of BLIPs

Sample ODsoo ODa20 Unit

Positive Control
pGBKT7-53 0.883 0.8680 196.6
+ pGADT7-SV 40

Negative Control
pGBKT7-Lam 0.671 0.0086 0.017
+ pGADT7-Sv40

PGBKT7-bliA +

) 0.707 0.0156 0.016
PGADT7-bliA
pGBKT7-bliA +
) 0.812 0.0143 0.024
pGADT7-bliB
pGBKT7-bliB +
) 0.574 0.0013 0.003
pGADT7-bliA
GBKT7-bliB +
P 0.667 0 0

pPGADT/-bliB
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A A8 H, leucineo] WA 2lE Synthetic Dropout ¥iA]o] =235 1L, 4

%o MEE freezing mediung o] &3t A Yo HNEE FH535
At 2 Fo, 15 mA 5o FEF8e] matings {3 S coelicolor ¢cDNA
library & 48t th o] Libraryd ¥ %% 1 x 107 cells md™' o9, F292 =2
UE MEsly cDNA insertE #2138 A3 53 %H| &= S coelicolor cDNA insert
7F ol deg At Ah

— Ol

3. BLIP-1 2 BLIP-1I¢} 4% &8st ddde HA

ol A A =3 cDNA LibraryE Ab£3+e] mating ®#¥el web BLIP-13} 432
‘3}% "S- HAs ok SD/-Leu/-Trp/~-His/-Ade ®i#|ellA] 5 - 6¥e] A
20070 eol4e) F2Ush Usten, ojFolr ge] wE %Y ERYYE &
=, 3 - 44 Al g 21 Holl, 96701 FR T A pGADT7-cDNA
HE ERA Est9 i, ol3e E coli DHSad| #Z A8 AlA AD-cDNAZS
7P e WE (pGADT7)E ZXslz ¥2d9 1, cDNA insert7} E°i7F &
229 94x9 vz o3 Hel ¥ EcoRIF BamHIZ A3t A7|E U3
t} (Figure 18) Z ¥, B-galactosidase assayol 98] A& zt&o =g &I
AR BTt 231 A7 E 379 FrEFUHE FHA GUIAE F4S
sttt 97194 Z3}E NCBI Blast searcholl sir E43tgon o F
I FHAY] o] e Awg dEs o (Table 14).

BLIP-119] ZA9-% 9o #23t cDNA LibraryE AF& 3t mating ol w2}
BLIP-1I¢} 4&#-4 3& @9dg #4349t SD/-Lew/-Trp/-His/-Ade ¥i#] ]
A5 -6 do] At F 1374 oty F2 Yyt Uston, oFolA T & E=Y
g ek ¥, 3 - 4 AdeS g 2 Holl, e FREFAM pGADT7-
cDNA H¥EHE ZRdAN BEssi, olAS E coli DHbeol HEAE AlA
AD-cDNAZ 711 & ¥HE pGADTNE STEsa #83 H, cDNA insert
7b 2ok Qe 2249 94X uig A% el i EcoRI% BamHIZ A8t
A718 Q3% (Figure 19). 2 ¥, B-galactosidase assayol <3 45289
FEE FAAn A3FAE ZEv w1 A7 & TN FREFUHS 94 o
71xg E48 9Fstde. §714 <9 235 NCBI Blast searcholl oaiX 24653
on o] FoA, ZHYH A WFo] g AvkE AH st (Table 15).

E o ot oo
i

&11:1

S
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000y >

0o —*
1650bp —»

100000 —> B Lk

Figure 16. Construction of cDNA by RT PCR & LD PCR
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3000 bp

2000 bp
1650 bp

1000 bp

650 bp

Figure 17. Cut off Under 400bp cDNA of S. coelicolor
by CHROMA SPIN + TE-400 column
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M 1T 2 3 45 6 7 8 910 11

8000bp —p- B G e
30000p ——> [N

2000bp —p
1650bp ——p

1000bp —
850bp — > S

650bp ——p
500bp —»

300bp —»

M : 1kb Plus DNA Ladder

1 : DA15 2 : DA21 3 : DA23 4 : DA26
o : DA46 6 : DA49 7 : DAS8 8 : DAS9
9 : DA76 10 : DA77 11 : DA92

Figure 18. Size analysis of Interaction candidates of BLIP-I
( Amplified in E.coli DH5a, digested by EcoRl/BamH]I )
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8000bp

3000bp

2000bp
1650bp

1000bp
850bp
650bp
500bp

300bp

M : 1kb Plus DNA ladder

1 : EB1 2 : EB5
3:EBS8 4 : EB11
5 :DB3

Figure 19. Size analysis of Interaction candidates of BLIP-I1
( Amplified in E.coli DH5a, digested by EcoRl/BamHI )
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Table 14. Analysis of cDNA sequences of candidates in S. coelicolor
interacted with BLIP-I.

No

zow Sample

size(bp) Frame

Sequencing Sequencing

Primer

cosmid Gene
Methods

1

W oY N N

DA&2
DA49

DA29
DA
DAY4

DA24

- DAZL

DA3
DAS5
DA43

DA44
DA40
DA75
DA64
DAS3
DAG5
DA73
DAS

DA28
DAZ25
"~ DA47

DAI5

DA%

DAT6

DAZS

850

w0

850
1100
800

350

500
600
550

600

500
550
1000
600
500
700
900

250

700
500

500

>

MO = O

o

fNNNNNNNN"Q‘NNN

T7

' ,:5%ADS

5-ADS
5—'ADS
5-ADS
5-ADS
5-ADS

5-ADS
5-ADS
5-ADS
5-ADS
5-ADS

5-ADS
5-ADS
5-ADS

 5-ADS

5-ADS

 Plasmid

Plasmid

Direct

SR o 'Put‘ati\feftwoy componeit  system

Plasmid SCBE7 s S
‘response

Plasmid

‘Direct “SCD72'A ‘Putative membrane protein

Direct

Plasmid  SCF8L  Hypothetical protein SCF8L13

Direct

Putative cytochrome P450

_oxidoreductase

ve ABC ,rian’sportérgksofﬁ:it"e~
Direct
Direct

Direct

: i?lésmid,  SCF1l *"';pu:tatyi,vél secreted protein.

Plasmid
Plasmid
Plasmid
Plasmid
Plasmid
Plasmid
Plasmid

Plasmid

Plasmid
Plasmid

Plasmid

- SCBAC2

 glyceraldehyde 3-phosphate

Plasmid
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Table 14. Analysis of cDNA sequences of candidates in S. coelicolor
interacted with BLIP-1. (Continued)

%8 Sampl! size(bp Sequencin Sequencin .
] cosmid Gene
L] eNo ) g Primer g Methods

3 DA27 300 5-ADS Plasmid

3 DALl 800 5-ADS Plasmid

3 DA33 400 5-ADS Plasmid

3 DAI7 350 5-ADS  Plasmid

3  DA62 80 5-ADS Plasmid

550 O  5-ADS  Plasmid SCJ9A  Putative oxidoreductase

600 Plasmid
‘ . protein kinase-like protein, -

Coam  Plasmid  SCF913 v

- VI - VISR R R

250 Plasmid

. SCBAC  Putative flavin-binding =

o

600 O e
17A6: ‘monooxygenase
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Table 15. Analysis of ¢cDNA seguences of candidates
in S. coelicolor interacted with BLIP-I1.

Sample Sequencin
Qs P sizelbp) Frame q_ 9 cosmid
No Primer

Gene

1 EB9 300 y

2 EB6 250 X

e

ScD2s
scp2s

2  DB3 800 O  5-ADS  SCH24
-ADS  SCJ9A

ative regulatory protein

> integral membrane protein

Lt ‘Hypéthétioél; protein

Putative replicative DNA helicase

tive oxidoreductase

hypothetical protein
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t}. Two Dimensional ElectrophoresisZ ©]-&3 BLIP-I13} BLIP-II¢] target
g A4

(1) S. exfoliatus SMF199] uj <%
S. exfoliatus SMF 19 wild type, bliA disruptant 13| 3L bliB disruptantE 5L

fermentorg ©]-&3te] wlYgsAa, 7tz 6-7A1zteitk AES FHstel DCW
glucosed % 121 BLIPY A< %7@,3}91 A A gF ESolA AREAE
2E & AN oH (Figure 20 - 22), ©] AZES AHE3te 242 2-DEE 8t7] #st
of FHlstt

(2) AE W dmds g 9 A MEZol Fdl9s Two Dimensional

Electrophoresis

AX U @de) 2-DEE 317 93 A& Fusr] A8, dA AE S
A o] 7] M= mid-exponential phase$} late—exponential phasec] v AEFE FH3}
o] cell& french pressZ E3}9 cell disruptiond 3 3- protease?] A& FH4 3

g

& 7 A= basicd oA TCA/Acetone & ol&3td AEEL FH] 0}9331 o]
& Urea (8 M)} CHAPS (4 %) T3 lysis solution®] 5-10 pg ul ' A =2
7 e E #8|Hd 3, 55 Bradford (Biorad) Al 2F# microassay methodE
st A HAT 51?4 IPG Phor sysstem (Amersham Co, Ltd)& ©]§-3}
pH3-10 NL (non linear) strip (Amersham Co,. Ltd)2 2 Iso Electro Focusing
S 3 F, PROTEAN II (Bio Rad, Co, Ltd) systeme A}&3t9 SDS-PAGEE Z
oJA  spote B3 ¥ Coomassie  brilliant blue R250& o] &34
staining/destaining 39t (Figure 23 - 25). 24¥ 23 wild type® mutant ¥F
£ ¥ngezAy S exfoliatus SMF19¢] £3to] BLIP-13} BLIP-119] &/4d3% ##
Hol g Aoz QAHE spotd Zgkth Aolrt v spotE H7] AdAME
landmarkE AR £34 =¥& 08 FozA dFH o2 = spotgd W us}
el wzE Feldlu HAGAT. 247 wild9h mutantoll A @Gl F7t
T A% spotES B uEAS A, trypsin® & A 33 peptide fragmentation

E 9, peptide sequencing method® AM&% 11 9+ ESI Q-ToFE ©] &3}
internal peptide sequence® % ©] characterization® A & o|t}.

AE 9 adel 2-DEE 3] A% &S Fvsty] AsiA, dA d4F F
A 971X+ mid-exponential phase®} late—exponential phasecl & MZY A&
W2 #H3lo proteased] TAS HAFT 4+ UE basicd =AM TCA/Acetone
& ol &t MEES FTH 0}33—1— o] ME& Urea (8 M)$} CHAPS (4 %)E X
&3k lysis solutionell 5-10 pg W 'AES ¥/t HEE FHHUYN, FTEE
Bradford (Biorad) A %% microassay methodZ ©o]&3te] AHF HUG. 18i
IPG Phor system (amersham Co, Ltd)S o]&3ts pH3 - 10 NL (non linear)

=
=
1:
e
o]l &L3F
[S]

o & 9 of mx oo

2
e
e
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a4t =
|
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2r

Time (hour)

Figure 20. Growth and BLIP activity curve of S. exfoliatus SMF19
type. DCW, @ ; Glucose, B ; BLIP activity, A.
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Figure 21. Growth and BLIP activity curve of S. exfoliatus SMF19
bliA disruptant. DCW, @ ; Glucose, l ; BLIP activity, A.
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Figure 22. Growth and BLIP activity curve of S. exfoliatus SMF19
bliB disruptant, DCW, @ ; Glucose, B ; BLIP activity, A.
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strip (Amersham Co,. Ltd)© 2 Iso Electro Focusingg 3 %, PROTEAN II (Bio
Rad, Co, Ltd) system& A}-€3o] SDS-PAGEE ZHolA spote £ F
Coomassie brilliant blue R2505 ©]€3}9] staining/destaining 3t . (Figure 26
- 27) LY WIS HolE: spotEE cell free extracto| 9 W FLsHA
3921, mid exponentialoll M= MaFS 17 HA Fpon AE 9
- AE W gAY ASEg Azke e ddge Wt Aste A spote 3
717y AR &gtk A F7h Ee ZAE BLIP-Io] 2dEHA we dF
(bliA- disruptant)el Al H o] spotEe w7 A R ESI-Q ToFE ©] &3+

internal peptide sequence® #413}] characterization & Al & o]t}

(3) Western analysis

S. exfoliatus SMF19 bliB disruptant® o] &38te] Alzte] w& BLIP-19] 2@
western blotting 22 #<lstdtt (Figure 28). BLIP-19] W@ ¢ Figure 22.2
BLIP-IR9] activityst dAsAl Yty S HoFa 3t

2-DE gel’dol A BLIP-I9] ¢9X& o} center® 7] fal, Al & g A
Z9] 2-DEE Al#& % BLIP-19 pl value (4.7)% Molecular weight (18kDa)<
aEste gelel 9% 3lds #ZEholM western transfer cassetteol 2SRl
westerng 3t o™ (Figure 29) A& o2 BLIP-19] X2 o =E signals
AL 4 AAT (Figure 30B). 22 A|7tthol A cell free extractoll 42| detection
S ARG oy, YUY B non specific signal® ¢1ste] E40] oz vt (Figure
30A). o] ¥ 7FA¢] western blottingS E¢&te] BLIP-19] 2@ 3 X & U =
Ao, 2-DE geldoll Al BE3] o] spoted Aol et £ o] #4240 €8
st}

t}. GST Pull Down

(1) Bait protein 4]

bliB +AAE 2437 93l pSMF252E F¥o2 st bliB forward
(5-CCg gAA TTC ATg CCg AAC ggA ATC gTC CgA-3)3% bliB
reverse(5'-CgC gAA TCC TCA gCC CTT Cgg ggC gTA ggC-3)2% 39 pfu
poymerase(Promega) 2 bliBE ZZ3tgch o]|& pGADT7Y EcoRIz} BamHIAHE]
2 22433 WE7 pGADT7-bliBolth. FEZAE 2 sequencing (Takara)e T3l
A7l DL F2lstsith BLIP-II @A d] GSTE £ F7] A8 GST F8A7F 3
= pGEX 4T-1 #WEd piB FAAE 229 87 931 pGADT7-bliB%
pGEX4T-1€ Zt7Z} EcoRU/XholoZ Aelste] gel extraction (EZN.A gel
extraction kit)3t ¥ (Figure 31) ligationAl# pGEX 4T-1/bliBE Ax3 Ao
(Figure 31 - 33). A1%3% WE=Z E coli BL2I(DE3)E A A& 3t IPTGE 34]

Ir o
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pH3 pH10

A) Wild type
- Cell free extract 12h

B) bliA disruptant
- Cell free extract 17h

H3 10
Jid PHI

C) bliB disruptant
- Cell free extract 12h

Figure 23. Two Dimensional Electrophoresis of S. exfoliatus SMF19 wild
type, bliA disruptant and bliB disruptant at mid exponential phase
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pH3 pH10 .
+—— — : > A) Wild type

- Cell free extract 36h

B) bliA disruptant
~ Cell free extract 36h

Figure 24. Two Dimensional electrophoresis of S. exfoliatus SMF19 wild
type and bliA disruptant at late exponential phase.
(decreased spot (O) in wild type, decreased spot ([1) in mutant strain)
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pH3 pH1Q

A) Wild type
- Cell free extract 36h

gH3 pH1q,

B) bliB disruptant
— cell free extract 24h

Figure 25. Two Dimensional electrophoresis of cell free extract of S.
exfoliatus SMF19 wild type and bliB disruptant at late exponential phase
(decreased spot (O) in wild type, decreased spot ([[1) in mutant strain)
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A) Wild type
-Extracellular
protein 20h

B) bliA disruptant
-Extracellular
protein 17h

Figure 26. Two Dimensional electrophoresis of extracellular protein of S.
exfoliatus SMF19 wild type and bliB disruptant at mid-exponential phase
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A) Wild type
-Extracellular
protein 42h

B) bliA disruptant
~Extracellular

protein 36h

Figure 27. Two Dimensional electrophoresis of extracellular protein of S.
exfoliatus SMF19 wild type and bliB disruptant at late exponential phase
(decreased spot (O) in wild type, decreased spot ([]) in mutant strain)
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A) SDS PAGE B) Western blotting

M 1 2 3 4 5 M 1 2 3 4 5
2| . e : >

KDa

60 —» ,
5> ¢ &

40 —»
. — BLIP-I signa
25>

00— i ﬁ

M ‘Protein Marker

1 S exfoliatus SMF19 bliB disruptant 12h sample supernatant
2 1 S. exfoliatus SMF19 bliB disruptant 18h sample supernatant
3 S exfoliatus SMF19 bliB disruptant 24h sample supernatant
4 . S. exfoliatus SMF19 bliB disruptant 60h sample supernatant

Figure 28. SDS PAGE and western analysis of BLIP-I
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Gel separation
- Ciw =

Spot SelectionJ <+

Transfer to NC membrane

BLIP-
signa

|-—> r Antibody treatment & ECL Detection ]

Figure 29. Scheme for BLIP-1 detection on Two Dimensional
Electrophoresis Gel
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A) Western detection of BLIP-1 on 2-DE gel of cytosol fraction

B) Western detection of BLIP-I on 2-DE gel of extracellular fraction

Figure 30. Western detection of BLIP-I on 2-DE gel
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7F=9t inductionA 71 ¥ #Erdd ¥ E SDS-PAGE A &qlstdwr (Figure
34). Ferdel gols A GST-BLIP-I19] solubility® @A ZA3t7] 2 s
sample total cell protein, soluble fraction, insoluble fraction© 2 o] FH| 3}
Aty 1 A3 GST-BLIP-II (57.3kDa)E % insoluble® fractiono A &= 2L
=

(2) Prey protein 4|

zd wMUdS YA S exfoliatus SMF19¢] 2245 TSB R o] HEF3shA, 30C,
150 rpmol A 48417 £+ wjgaAth. S, exfoliatus SMF199] fermentor W&ol =
5L, 729 jar fermentor (KFC, Korea)Z AH&38M$ith. 6412 144 22 samplingst
o} DCW, pH, glucose, BLIP activity® 27 2438ttt (Figure 20). @A © A=
o AT AU E 2832 59 GST-tagged BLIP-IIE £ columndl &
#Fo] A BLIP-TI #4524 ste @A wg elutionds 34 gtk
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&

5.0 '
3.0
2.0
1.6

0.8—>§

M 1kb DNA plus ladder
1 pGADT7-bliB
2 pGEX 4T-1

Figure 31. pGADT7-bliB and pGEX 4T-1 digested by EcoRI and Xhol
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49K

<091

M 1kb DNA plus ladder
1-3 pGEX 4T-1/bliB

Figure 32. Identification of pGEX4t-1/bliB cloning

_89_



pGAD-bliB pGEX 4T-1
9.0kb 5.0kb

EcoRl/Xhol

GST-bliB

pGEX 4T-1/bliB

6.0kb

Figure 33. Construction of pGEX 4T-1/bliB for expression of
GST-BLIP-1I
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«— Induction band
(67.3 kDa)

Total cell protein
soluble fraction
insoluble fraction
Total cell protein
soluble fraction
insoluble fraction

uninduced sample

induced sample

Oy Q1B DD =

Figure 34. Expression of GST-BLIP-II in E. coli BL21(DE3) strain
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A 3 @ PCRUYHE o] &3 Streptomyces spp.2] AXE
A AT A A9 disruption

1L a4y $

S. exfoliatus SMF13¢] A8} leupepting #8jsts &4 LIE 99z,
leupeptin inactivating enzyme (34.7kDa)2] A El&d E4& st} A=Z et
¥ PCR-targeting methodZ ©]-& 3} gene disruptions A% 3}4t}h. PCR-targeting
methods 7]&9) gene disruption W3 €2l deletion 3}31A} 3t A A -
39 99 39-nte] homologous tail 2ZHE linear antibiotic cassette DNAE ©]

&3 A gene deletion®} replacementZE 3= W o]},

b~
o

o

2. A8

HE

i

7F. PCR targeting primer? A& 2 PCR amplification

lie gene (Figure 36)2] start codon (ATG)S X3t upstream nucleotides
(39-nt) ¢} stop codon (TAG)E ¥33}+= downstream nucleotides (39-nt)E 27}
priming sited] overhang® =% 3} ypstream primer (59-mer)9t downstream
primer (58-mer)E& A Z+etAt}t (Figure 36 and 37). ol && ©|-&3] template DNA
¢l plJ773 apramycin cassette DNAZXE High Fidelity PCR Amplification Kit
(Bio-Rad Co.,, Ltd)E ©]&3%lo 5 -extended apramycin cassetteE® PCR
amplification3l o, FEZZ T 1# S 27| denaturation #HAo] 94TAM 28, &
0] 309 HFE (DNA denaturation©] 95ColA 40%, primer A g o] 47CoA 40
%, primer extension®| 72ColAl 1¥), 183 primer extension®| 72TCo|A 5& 9]
At} PCR productE targeting®l %€ T&S a4 QIAquick PCR Purification
Kit (QIAGEN Co., Ltd)2 A 2 5%3tc] 200 ng pb ' oo =5 s

1}. PCR targeting into pSMF39 plasmid

PCR targetingdlt7] 934 pSMFE39 plasmid’} transformation® E. coli
BW25113 strain (containing plJ790 recombination plasmid)& ODsw®l < 053 %
7EA Bl kE g 10 % glycerol® 4¥ washing3tel #Z 100 ol cell® F%3}
Atk o7ldl & 2 AAE 5 -extended apramycin cassette (>200 ng w HE
GenePulser II system (Bio-Rad Co., Ltd)& ©]£3) 02 cm electroporation cuvette
o] A Electroporation (2.5 kV, 200 €, 25 uF) 3}%3 2™, time constante 4594 4.9
R

t}. Verification of the mutagenised pSMF39
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pSMF39 plasmide] apramycin cassette’} targeting® =% 2213817 $13A
transformants 25 E] phenol extraction ¥ o2 plasmid® #€ldte apramycin
cassette Woll £A18t= apramycin genes digestion & % 3l SstI (Roche Co,
Ltd) ¢ 2 Aaste] 751bpe WA o FE 2 mutagenised pSMF39 plasmidE &<l 3}
pra=

2}, Transfer of the mutagenised pSMF39 into E. coli ET12567 and S.
exfoliatus SMF13 |

S. exfoliatus SMF13< methyl sensing mechanism® 2 self or non-selfE& &
3l7] w&of A mutagenised pSMF39 plasmid® E  coli ETI12567 strain
(non-methylation strain and containing conjugative pUZ&002 plasmid)al)
GenePulser II system (Bio-Rad Co., Ltd.)°oll 4] electroporationd} %1 tF. Mutagenised
pSMF39 plasmid® %*E E. coli ET12567 straing S. exfoliatus SMF139] spore
suspension (2F 1.0 x 10° 71)3} conjugation 3t} mutagenised pSMF39 plasmid &
S. exfoliatus SMF13 A% W transferstg oo], Al ¥e F3MA lie gene?

upstream®} down stream -+ x+E 7F9] homologous recombinations %3}

=

3. 47 9 &

b

7}. 5°-extended apramycin antibiotic cassette?] PCR amplification

plJ773 apramycin cassette DNA (1,384bp)EHE FE % F=H 5-extended
apramycin cassette™ 78bp7} #Z = A Hedl, A3 (Figure 38)9 A4 & 4+ X0
1,462bp7t FEFE A& FAE + U+

. lie gene©] deletion® pSMF39 plasmid®] %9l

ZZ 9 %23 5S-extended apramycin cassette (1,462bp)E E.  coli
BW25113 (containing pSMF39)ol] electroporationdte] AA 6078 apramycin
resistant colonyE oA positive transformants2 AZtHE 47019  large
colonyE & %8 plasmid® g on, oL Adas (SstDez A3 A
S A9 7Blop7t AR EHE AL #23te apramycin resistant gene©} targeting
= o] lie gene°] pSMF39 plasmidel A deletion® 1t RS &1 & + AU
(Figure 39). »

t}. lie gene disruptant stain®] ¢
S. exfoliatus SMF132] spore suspension (¢F x 10° MeozrE 1280
12709 apramycin resistant exconjugantsE< A4S F O’?\i"fq AN S F

A HE 209 lie geneo] deletionH S Ao AZLHE colonyEE AU

1.0 2
2 3
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PCR amplify FRT-flanked resistance gene
FRT FRT

Template DNA :
K
1

T\J2
P2

l Transform strain expressing A Red recombinase

H1 H2
mms ORF | lie€, | ORF___mwssm pSMF39

Select antibiotic-resistant transformants l

FRT FRT

l FLP mediated excision of disruption cassette

I ORF in-frame deleted
FRT

Figure 35. PCR targeting strategy used for lie gene disruption.
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Primers should have 39 nt matching sequence { Start
-t

CCACCCGTTCCGTCATATCCCCGCGGAATCCCGGAGCCCCCACATGAGCCTGTCCGTCTCTCGGCGCCTTGCCEGCCETGACCE
CGTTCGCGGTCGCCGGCCTGTTCGCCTCCGCCGTCCCCGCCGCACTCGCCGCCCCCTCGGCGGTCGCCGCGGCACCGACACCG
CCCGACATTCCGCTGGCCAACGTCAAGGCCCATCTGTCGCAACTCTCGACCATCGCCGCCAACAACGGCGGCAACCGTGCCCA
CGGCCGGGCCGGCTACAAGGCCTCGATCGACTACGTGAAGGGCAAGCTCGACGCGGCCGGCTTCACGACCACCCTGCAGACCT
TCACCTCCAGCGGCGCCACCGGCTACAACCTGATCGCGGACTGGCCGGGCGGCGACCCGAACTCGGTCCTGATGGCCGGETCG
CACCTGGACTCGGTGACCTCGGGCGCGGGCAT CAACGACAACGGCTCCGGCAGCGCGGCCETCCTGGAGACCGCCCTCGCCGT
CTCCCGGGCCGGTCTGCAGCCCACCAAGCACCTGCATTTCGGCTGGTGGGECGCGGAGGAGCTGGGCCTGATCCGCTCGAAGT
ACTACGTCAACAACCTGCCGGCGGCCGAGAAGGCGAAGATCTCCGGCTACCTGAACTTCGACATGATCGGCTCGCCGAACCCG
GGCTACTTCGTCTACGACGACGACCCGACCATCGAGCAGACCTTCAAGAACTACTACGCCGGCCTCGGCGTCCCGACCGAGAT
CGAGACCGAGGGCGACGGCCGTTCCGACCACGCCCCCTTCAAGAACGCGGGCATACCCGTCEGCGGCCTETTCTCCGGCGCCa
ACTACACGAAGACGGCGGCGCAGGCGCAGAAGTGGGGCGGCACCTCCGGTCAGGCCTTCGACCGGTGCTACCACTCCTCCTGC
GACAGTCTGACGAACATCAACGACACCGCCCTGGACCGCAACTCCGACGCCGTCGCCTACGCGAT CTGGACCCTCGGTGCGGG
CACTCCGGTCCCGCCCGGCCAGTCCTTCGAGAACACGGCGGACGTGAACGTCCCGGACTCCCCCGCEGCEGCEGGETETCCTCGC
CGATCACGGTCTCCGGCGTGACGGGCAACGCGCCCGCCACCACCAAGGTCGACGTGAACATCGTCCACACCTACCGECGETGAC
CTGGTGGTCGACCTGGTCGCCCCCGACGGCACCGTCTACAACCTGCACAACCGCAGCGGCGGCAGCGCCGACAACCTGGTCCA
GACGTACACCGTGAACGCCTNCAGCGAGGTCGCCAACGGGGTCTGGAACCTCCGGGTCAAGGACACGGCGGCGCAGGACGTCG
GCTACATCAACAGCTGGAAGATCACCTTCTAGTCATCCGGCCCACCGTTCCACGGCTCCACCGCTCE?GCACGATCCGATCGT

Stop T Primers should have 39 nt matching sequence

Figure 36. Nucleotide sequence of lie (leupeptin inactivating enzyme) gene
in plasmid pSMF39.
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SELIEF, forward primer (with priming site, 20-nt), 59 mer
5 -TTCCGTCATATCCCCGCGGAATCCCGGAGCCCCCACATGATTCCGGGGATCCGTCGACC-3
Matching sequence with the S. exfoliatus SMF13 —_*—Priming sequences (20*nt)‘”

39-nt (matching sequence with pSMF39 sequence)

SELIER, reverse primer (with priming site, 19-nt), 58 mer
5 -CGGAGCGGTGGAGCCGTGGAACGGTGGGCCGGATGACTATGTAGGCTGGAGCTGCTTC-37
|4— Matching sequence with the S. exfoliatus SMF13 —P{4—Priming sequences(19-nt)—p
39-nt (matching sequence with pSMF39 sequence)

Figure 37. Designing PCR primers for making in—frame deletion of lie

(leupeptin inactivating enzyme) gene
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Figure 38. Agarose gel electrophoresis of the PCR product, 5’'-extended
apramycin cassette (aac(3)IV)
Lane M: 1kb DNA Ladder

1: amplified 5'-extended apramycin cassette
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M12 34

o= =N WA
th o oo o=

Figure 39. Verification of the mutagenised pSMF39 by digestion with Sstl
which isolated and purified from 4 positive transformants.
Lane M: lkb DNA Ladder
1. Transformant # 1 / Sstl
2¢ Transformant # 2 / Sstl
3 Transformant # 3 / Sstl
4: Transformant # 4 / Sstl

_98_



FAEA A |1 AGA
HEA 2] /\g’@/\% zA ‘Q%

IAEs | A8 9 x4 24 relA ‘3‘1 SpOTJ a9 717
At EA ST | 2 AFAH 22 (20 FAA KA BA HEe dvies Ax
KA BA Nzt AR 7 | B-lactamase inhibitory proteins(BLIP-],

me 54 774 2 e F3 113

100 %
L 4 24 AFAH 23 FAAEAN relA
2 spoT9 F& 712 79I RelA @)

BAEE AEL | o 2 qin (SPOT BHAL BEAE] T PREA 4
i AR 4 =24 7% 7
A= Fade 28 9
AR 24 A = o 2. B-lactamase inhibitory proteins(BLIP-I,
=4 79 SR e awd 2% 44 AR A9

target protein 73 A%
3. A NS 4 AE 3 24 A
Aakel HAstet o AR FAAe] #4

MV

i}

Al 2 A 71eqdA 9 7]o=

E AT mAE gAEE F 4 G4 BT FAEE AYd A48 24 2 A
T 240 AEES 24 AXE sty TELY T, A W 87, AEEE,
A3 2 71F g ATE FHse G Bob 7|x AT slog vyt vl A9, ol A
AR cRR FAEE A A & T Aotk Eg 2 AFelA A B4
A 24 JdAEY o4 Foote] #ANS Hwile HANA dide FoagS det]
el AME3L9 W proteomics?) 7145 (Yeast Two-Hybrid System, 2D-electrophoresis,
783 GST pull down %)< F43te] Yoz T Foke] AT 7438 A% Tu-g vhdst
At
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A 5 & AT R

A 1A 2k A79 AR
+ A7E T AAA AL 24 Axe] AL JiFe) WA S cdavuligerusE 4
2] F/79 B-lactamAE e FAAE A4S Bk ol A Ex#F p-lactamase A3 F
A clavulanic acid®} IEAFF P-lactamase A3 &2 < P-lactamase inhibitory
protein% it O}E &3 TFolth. T3 S cavuligerusl A A AFAE FHAE
of ok Ak 1 A A xdo] W3 AFE T8I

Bol ¥&3 Paorh 1M U R PHT FA% AT

O]

N

7}

gk Streptomyces coelicolor (4=-2] John Innes Centre)E 7]

J+ g 12hE AFsta Aok wela FA BE gAY S

”‘g?@"‘é FAAR o] oy 1 wiwe) Hi ME ARY xH
Ao} 1 AL 1&g HrelE Age] dasith

.14

A2 A" Agele] 38

FAEL AN 2d e FAA A Bro] ol TAY AHH B39
‘U]r %“3“1] BEd =4 A3 (pppGppe AlxE A4 &3

e Aoz dHAd dot. webs FA A

A leupeptmiﬂ--‘ﬂ TEAd et AF £33 HQ sl

T3 FAERN i Aol FUHgel wel, s mlAEe] Aiete MRS
SAZE Aot 2N FAA WS 55T 5 v B-lactamase A3 AL JREo] I
83 AF3olt}. B-lactamase inhibitory proteins (BLIP-13} II)3} P-lactamasestel F3 &
AR olygl BLIPS A& 2H8-3H= target protein®e] +%¢ 7o S Wi A7 2
s

L
=
L
gl

= o = < John Innes

Centreol 4] 73¢ 8 PCR-targeting method® WAF F3AY HHE wj$ F§Ho|xn

w2A Algs 5 gty o]# PCR-targeting methodE $-&38tW thadat
o AYPHe R FAA 7% FH we &)
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Al 32 7143t F4 gel

B-lactam FAEH A3 T4 BEY Y ATE F9AME, 7€ HuHo e A
WA B -lactamase A3 A| (clavulanic acid, tazobactam, efc)7} B0l Fi= 7)< A& H€H4)&
goju 2e F39 AdAE BLIPsEY +29 7% #9< £3to] rational drug designel ol
€2 & & Ao® wlrh S BLIPsY HolA @Azte|et sl Walg Hste] peptide Al
A5E T3 MRS HEAF B-lactamase AA|] AAE, ArIHow vPEo YA oishe]
f-lactam FBE=H A AHEHO AEEHE W Aoz Jdig

AR FAxke] g3 e $8-8 FsloAE, dite fAAY Vs AEsA FA4Y
T Slerg nYdt FHxk ViE At §49 Foz vididth E& Al 8 (metabolic
engineering)oll 1o1A OlXFIAMIE ¥ Az Bl UE FAAY] Fio) o]LFozH
¢ aRHY Ao 7|thg}

rl

o

e
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Al 6 & AFMLUAH|A Est sAAs=dE

A1d B-lactam FAEF AFAH FEAR ] A AT

Stringent responsetx A T oA ol Alojr} B i o] mzE + 9 ZE8&
dote BHEHS AL 71F2E Escherichia colilX relA%}y spoT ¥ W9 &47F &
3t} E colidlA RelAx A4AY 224 A (pppGppE @A 8t SpoTe oy ¢o]
(DppGpp E3E AAstA (pppGppd ¥& 9t 5718 (p)ppGppe ¥ rRNA
A Ao oibninat MEA FHAe) B3} stationary sigma factor$l 0°9] &4
T e AUE AAH wEgE doezlth ¥ 34 AEY E colitte GEA 1
UdA Ao AeE 39 RelA/SpoT homologues?t A3t} o] @A -L (p)ppGpp
A 23 24E& A6 7HAH oprxeatn g4 2AHAE 9 (pppGppE A
o oRE AF7HA AFE vkl 712 E Fo] (p)ppGpp Al #EE &4 WEst
TAZE b Zo] AAEHAG A HA 25 gAY Ayo] ofd ojv 4t AR S
AAS (p)ppGppE TP etE TUAR (pppGppE EildhA= Rt tEAH o= E
coli®] RelA7} ok, & WAle 28 A AT Bacillus/Clostridium™ actinobacterial
9 Rel w722 ©] 252 (pppGppE otvl4tzdt giddo] 2Z4HIE 9 (p)ppGppe
et wE wtol e (Mn)E HZEAAZ (pppGppe: B3E 4+ o #A%S E
coli®l SpoTE WEHE ITFOE ofnxit 7ol oid @44 e UAFH
()ppGppE FA ST = FtolL (Mn®)S ExAAZ (pppGppE: Eddth 1dy)
Eojxon % 4A AT Streptomyces coelicolor= % NAl]l FIle MZ tE
RelA/SpoT homologues”F A3tk 21 5 &1 RelAx (pppGppRAd 8 AYi
AL =3 (pppGpp B3 FAol YA o2 Ul RshAE (pppGppTd s
(p)ppGppE3) THol WHARA &t 2d il S coelicolorst FAFSHAl S. clavuligerus
= F709 RelA/SpoT homologues?t A3t ztz} RelAst SpoTet ™ = et

RelA/SpoT homologues?] 715l td A= E coli®]l RelAdiA ®o] AFHAT
E. coli®] RelAx 71532 Z (pppGppE @A stE N-2d ol (o}brlxAit 1578 455)
% RelA®] 84S ¥ae C-TD ZHA (b4t 4555 H 744), 5 2709 M2 &
Zodoz FAHUS]) WAL EF RelAd C-2d ol (o}u]=it 4555 744)
o] F5AE&E F3) (pppGppTA BAHE 2T WY, e ofv 4l 455%-H
538, otm| Al 5505-E 68271 RelAe] oA Ao A3tz ofv| At 55058 682&
g u L Aol Z&Fo] ZALEATH

o]H RelA @¥lA9] 7|59 that olsj2F e FAA AMTA L Stringent response?]
ARJo] " Al ol S coelicolordld FHEEFAE RelA ©dHAL dhFYASA
(DppGppE  FUTo] THEIF AHAAN FHAZE W FAA AFE =HIAY
actll-ORF49] zdAb&ko] FAtetch o= (pppGppZt FAA A4S 43 T v
gt

U T < R A < A ()
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A24A B-lactamIPAER BIAFTAE: AAAA AT

Bl Balg Streptomyces exfoliatus SFM19 (Kim et al, 1991; Kim et al, 1994)
= F £59 B-lactamase inhibitory protein, BLIP-13 BLIP-IIE Aj4tél o] BLIPs+
S. clavuligerus (Doran et al, 1990)9l4 A2tsl= BLIPET © @& Ki valueE H<I
t}. BLIP-I®] homologue¢! BLIPE 28 d37} vt A2 F  (University of
Alberta, Jensen SE)ollA B 1% glth BLIPY 7 ¢ disruption mutant®] Az 23 FE
ool e dgol ¢l clavam ALY SFAZA Aitelnt ¥ E Hol 3lo] RuHtt
(Thai W et al, 2001) =3+ BLIPS 32t & 4 A3 (Strynadka NC et al, 1996)&
EUE 3t 490 A aspartateE site-directed mutagenesisE ¥ A3} o] A&7} TEM-1
B-lactamase &4 A3} (Petrosino et al, 1999)°] "¢ F 23 ATS st YFo] 83

Aot BLIP-II®) A%, 9 Ewgoﬂ 1_ E38lx @& 7247 3709 B-sheeto & o] Fo{F 77
o WHEFZ7 4YE o)F v FE2E HAFAeH, oA Wy 7ol Tk WD-40
repeat?} TXAHOE Tr*} 3k ??_ ¢17+e] RCCl (Regulator of Chromosome
Condensation)® 21 %9 #FA=E = E4S vgdAdg RCCl1E BAAESH o2
2o A3t rauEdoen o ¢wlAdL GTPase Ran® 434 @¥A=2A Rand Z
gl FxZHQ WEE ofr18e] GTPase @4 4&FE 717t RCClE E.E’_Oﬂ/\ﬂ
mutationS 3t Z I} chromatine condensation, mating, transportso] 9&¢S F1, 53
A APEA PR drieole] 24 Aeole FoFo] BuHA™ (Louis et d
1998).

BLIPs9| TZ¢ A& 7|58 ofe e /€9 48 AEAF B-lactamase
inhibitor (clavulanic acid, tazobactam etc)®t TH& A A9 drug designol gk 7o )
olA wjg- Fastth @A, S clavuligerusol Al A4tE = BLIPE o] &3 299 A
WA st AFE T3 B-lactamase AZA ML 9% peptide design (Rudgers et
al, 1999; Rudgers et al, 2001)c] o]Fojx i glem site-directed mutagenesis¥
TEM-1 B-lactamase®] th3F BLIPY A& %4-& p-lactamase A A 3)Al<k v
Fde 53 M2 ALY pB-lactamase AsNA < A 7tsdS AAFRAT (Schroeder
et al, 2002).

\'(
ﬂ

Hﬁ
_941~
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Al 3 A PCRUYHS o]&3 Streptomyces spp.2| A3
A5 A A9 disruption

de‘ﬂ Ao FrAaA ] AEe offo
frAAet ORFES A Fx29 =3 & A
G5 FaARto] FHAAL 7F g Fag
E B8 dA4A By FAAE G ste Wl
Az A7) o) Hol HFEd AT Ea
o & Saccharomyces cerevisiae~ 35-nte A< G A
AHE-5te] 38k selectable markerE Ald A1¥ DNAE PCR &
g AA FAAE #3AF F Yo o] il
ZHZ‘—‘EL HEE 08T BRHol FolFl FHA ] Y

2 93 = Candida albicanl A= 50- to 60-nte] &4 A+v =X

i-"/
_&;
.JN‘—‘

F

BoHE o E 8 41 £ lo o

mki fo ad we %N
_>i

yeastg} st Rloz APFAY, ojgds gRHder ¥we Avde HFY recBCD
exonuclease W&o A3 DNAE A F@ATo] =x g1 FIdct a2y A RED
(gam, bet, exo)7} AT 4% A3 DNAL AxXF HE&E 1% =d

7§tte] Datsenko®t Wanner (2000)E Escherichia coliol X 36-nte] Alde] dAA <}
Fedol U ZEko)uE ALEste] Y3l selectable markerE® A 43 DNAE PCR
ste] EaFo] AAE A7 F AxTse 40719 A2 g 312 9 E st o
d PCRE wiZ/ld fAx gabds &3k A Streptomyces coelicolor =7 =<
o] AT e FEE 39-ntd %@1%19} e g ZatolWE selectable makerZt
EA3AHE PCRE 22 thAg 4 9ol E3 disruption cassette (39-nt® F A <}
FEAd e ZegolHZE  selectable maker7} EAQsAE PCRE A3d DNA)AE oriT
(RK2)7} &A138ty PCR targeted cosmid DNA (disruption cassetteol] o8 M= E =
2~ue)g FHAocF pUZRNN2 ZeAmte Y8 ofd) E  colidld WHATo=
conjugation®@ < Ut} Conjugatione protoplastol]l &3t A [T R AW o E& 40
I EE EEe actinomycetese] FHEEE £ gld = AT NS methyl- spec1f1c
restriction systeme ET12567% & methylation-deficient E. coli hostdl DNAE 7
gdozA AT 7 U
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JoHN INNES CENTRE

MOLECULAR MICROBIOLOGY

Direct Dial Tel: (01603) 450297
Fax: (01603) 450778
E-Mail: keith.chater@bbsrc.ac.uk

07 November 2002

Mr Daewi Kim

Laboratory of Biotechnology and
Fermentation Microbiology
School of Biological Sciences

1 : b
Seoul! Naticnal University

Seoul 151-742
Korea

Dear Mr Kim

This letter is a formal confirmation of my invitation to you to join my laboratory for a period of
3-6 months from January 2003. Your visit will be funded by the collaborative grant awarded to
Prof Lee and myself under the British Council/KISTEP joint scheme.

I look forward to the possibility of significant and mutually beneficial progress in the important
areas of Streptomyces proteomics and metabolic engineering.

With best wishes

Yours sincerely

Vi) e

Prof K F Chater, FRS
Head. Department of Molecular Microbiology

Director, Professor Chris Lamb

John Innes Centre is a company limited by guarantee.

Registered in England No. 511709 Registered Charity No. 223832, Registered Office
Norwich Research Park. Colney, Norwich NR4 7UH

Johs [zes Cenbre is wrant aided by the Biotechnology and Biological Sciences Researcit Council Tel: +44 (01603 450000 Fax: o (0)1603 430045



JouN INNES CENTRE

MOLECULAR MICROBIOLOGY

Direct Dial Tel: (01603) 450297
Fax: (01603) 450778
E-Mail: keith.chater@bbsrc.ac.uk

07 November 2002

Mr Yong Ku Ryu

Laboratory of Biotechnology and
Fermentation Microbiology
School of Biological Sciences
Seoul National University

Seoul 151-742

Korea

Dear Mr Ryu

This letter is a formal confirmation of my invitation to you to join my laboratory for a period of
3-6 months from January 2003. Your visit will be funded by the collaborative grant awarded to
Prof Lee and myself under the British Council/KISTEP joint scheme.

[ look forward to the possibility of significant and mutually beneficial progress in the important
areas of Streptomyces proteomics and metabolic engineering.

With best wishes

Yours sincerely

A/

a7 -
féé"“v” (L ate~

Prof K F Chater, FRS
Head, Department of Molecular Microbiology

Director, Professor Chris Lamb
John Innes Centre is a company limited by guarantee. e
Registered in England No. 511709 Registered Charity No. 223852. Registered Oftice

Norwich Research Park, Colney, Norwich NR47UF
Jolot Luwes Centre is grant aided by the Biotechnelogy amd Biologicai Scicices Rescarch Cowncit Tel: +44 (0)1603 430000 Fax: +44 (01603 430045



JOHN INNES CENTRE

Department of Molecular Microbiology
Direct Dial Tel: +44 (0) 1603 450297

Fax: +44 (0) 1603 450778

e-mail: keith.chater(@bbsrc.ac uk

26 February 2002

TO WHOM IT MAY CONCERN

T am inviting Prof. Kye Joon Lee and Mr. Jae Young Kim to the John Innes Centre for about
one month, starting early in March 2002. We have maintained a close collaboration for the
last few years concerning our many complementary and common interests in Streptomyces,
and during this visit they will join my laboratory to carry out the first stages in a joint project
"Connecting the intracellular and extra cellular mediators of development in antibiotic-
producing Steptomyces species’.

Yours faithfully,
Vo rafer

Professor Keith Chater FRS
Head, Deparment of Molecular Microbiology

Nirector, Professor Chris Lamb

John Inres Cantra is a company houted by guarantee.

Registered ir Epgland No. 511709 Rewiutered Charity No. 223852 Registerad Office
Norwich Rescarch Park, Colney. Norwich Nt 7UH
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