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Cloning and Immunological Characterization of the 84-kDa Heat
Shock Protein, ClpL, in Streptococcus pneumoniae

Hyog-young KwoN, Yong-Hwan Kiv, Hye-Jin Craoi, Youn-Jin PARk,
Suhk-Neung Pyo and Dong-Kwon Rugg*
College of Pharmacy, Sungkyunkwan University, Suwon 440-746, Korea

{Received May 1, 2001; accepted June 18, 2001)

Abstract — Heat shock proteins serve as chaperone by preventing the aggregation of denatured proteins and
promote survival of pathogens in harsh environments. In this study, heat shock gene encoding a 84-kDa (p84)
protein, which is one of the three major heat shock proteins in S. preumoniae, was cloned and characterized.
PCR with a forward primer derived from N-terminal amino acid sequence of the p84 and a reverse primer
derived from the conserved second ATP-binding region of Clp family was used for amplification of the gene
encoding the p84 and subsequently the PCR product was used for sequence determination. Sequernce analysis
of the p84 gene demonstrated that it is a member of ClpL. The deduced amino acid sequence of pneumococcal
ClpL shows homology with other members of the Clp family, and particularly, even in variable leader region,
with bovine Clp-like protein and L. lactis ClpL. S. preumoniae clpL is the smallest clp member (701 amono
acids) containing the two conserved ATP-binding regions, and hydrophilic N-terminal variable region of pneu-
mococcal Clp ATPase is much shorter than any known Clp ATPases. Histidine tagged ClpL. was overexpressed
and purified from E. coli. Immunoblot analysis employing antisera raised against ppeumococcus p84 demon-
strated no cross-reactivity with Clp analog in Eschericha coli, Staphylococcus aureus and human Hela cells.
Preimmunization of mice with ClpL extended mice life partially but did not protect them from death.
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$15kd A& stress HSPE= of&] AEA] 7l —ﬁ%]%é o] o

SEREEDE

AL WA, o)F stress WAL FolA dF
Rl (Heat Shock Protein: HSP)S 9%2 2 DNA
£A virus AF 5o YelME FEHH molecular
chaperone 715 % Ble] o] A|E AR AL Ao
(translocation) ¥==F gl & HSP: WA AL stress
2 & o] SR HE= 7/4\2 H}R| Bl el whia
TF22. =A st Bl EXIAA ulAAA ol gl

i

5% YA 71%5S 2l 9lch(Hendricks) Hart, 1993
Craig 5, 1993; Neihardt & VanBogelen 1987, Zeilstra-

Ryalls -5, 1991). =31 HSP 52 o7} ®Hdwl 45t
e F e i s R ‘:{1}9;51 %eHKaufmam 5,
1991; Kaufmann 3} Schoel, 1994).

*To whom correspondence should be addressed.

hsp]OO hsp90, hsp70, hsp60 H small hsp family 52>
E EF=c} Hspl00 family:= }«ﬂ—ﬂ— Zso], AR o @17}
< Eﬂ%‘ g SElA TR 92 stressel] W A A
= F31Av} proteolysis, DNA Ll’danI‘lpthI’l A =
A Sl A gt ol o8 7iA] ZE2 BF gy
7 2] quaternary protein structure®; “o“’ﬂ%l T-Z(aggregates)y 2
Eo]F=(disassembling X resolubilization) Z-8-f &J3k
Zlo]eh(Schirmer 5, 1996). Hspl00 familysl|A] =3E#<l
Zde] yeast Hspl04 2 tiAT9) ClpB 5o]H L& Zx
o) ethanol o) xEE9Ee W S=He] WAE
Hl,JZJ—g— eRaElo] M EE RFF hsp70 family} 7)%5
A A5 et BX)ak S| o)g M ESARS B kA X
g¥e}H(Sanches 5, 1992; Schirmer 5, 1996).
AEAAARe] dE x| g A7 A v



o0
<

ps] ol e} ghont HTeof 1A B3] 3L
T (Bacillus subtilis|A = Q771 18§51 v Homuth
, 1997; Li¢} Wong, 1992; Yuan #} Wong, 1995; Schmidt
- 1992; Schulz€} Schumann, 1996; Wetzstein®}  Schu-
mann, 1990; Wetzstein 5, 1992). Z324d7el o)A +2-
oP(htrA Ak o] L) 9} oP(urA FAA; ©]9)¢
o2 22 9AFAxY] deld P9 o od wEe] 2
A5 e (Yura §, 1993; Mager 2} Kruijff, 1995) 28
A oA HrcA repressor(Schultze} Schumann,
1996)2} CIRCE(Controlling Inverted Repeat of Chaperone
Expression: Zuber ¢} Schumanp, 1994; Yuan®} Wong,
1995; Mogk %5, 1997yl &]3l] wae| AA|F= Class 1
G2 (groEY dnaK operon g°] 027 sigma A
[6*] type promoter ¥ ZE¥ &) <} sigma B(cP) type
promoter® Z+I 9l Class 1T GF4-F4A(clpP, cipC,
lon §) % Class I G&AF-2hipG FHANE 7583
TH(Homuth F, 1997).

| & FT(Streptoccus  pneumoniaeys A1 vl ¥
(nasopharynx)?| X 30~50% 71A] HES= Aldo2A #HF,
FatelaAd A, ek, Sl B2 eddel™ (Joklik
5, 1988) &4 AR 2 23 7} R il E 2
2 9F 5~10%9] A& Jehia 9)i(AlonsoDeVelasco
%, 1995). 53] froht =ake] 7Afelle o w2 AFME
S viepde] AAAH LR wind 400 T o]de] HH R
ApEE gl w(Siber, 1994; ASM News 62, 15-16
[1996]) s HT-e] PA] HAde] =2 Spainell A= #H 9
T Azke] ApgEe] 23%e] o2 g)vh(Pallares F,
1995). H BT+ AF2A Fol] oJofie] FZ31 n]olF-F-
(nasopharynx)ellA] °defito] FH3F Hefl ke ZFspm
A 2 FHEE AAE ol we}l 72} A vt &
H]Q)F Yol ZA1E W= Transparent strain .22 £3)|3}o]
Surface Choline & Adhesindl CbpAZE v A7)
o} dF Capsule 3o ¢FAT, 45t g9 ko= AF3pm
Opaque strain®2. B}¥]HA] Surface Choline?} CbpA:
A L8HT Capsule Zo] F7 9% vHTuomanen,
1999). =3} ofF] NlgellA o] AME} SAEEd &
I3RS v|R 1 912 ¥ & (Buchimeier £ Heffron, 1990;
reviewed in Mekalanos, 1992) #H|H 7oA % AEd
Hhgol & WEhd SA T H ofeks v R 4
o}, 53] AT HddEdels #AUdR 8% o
T2 BT oA WA E =, ol ¥, A
9] =l wabr SARARR] wEe] Jgks Wil
Salmoneila typhimurium oA+ &%, 4MF9), pH, & =
£ ohuliAl =9 W3 Sl 3S Ha=ri(Mekalanos,
1992).
AG T EFH 28 fr=He FF HS

off offt by o

‘:ﬁd

65,
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73, 84kDa® FFATWA (T4 p65, p73, p8iE. F7))
o] p652} p73> 712k GroEL, DnaK F-AH = #el=|g]
o} 3 eroEl dnaK FAAE E£24% 0] iz 7]
Heo] X FHEI(Choi &, 1999; Kim 5, 1998, 2001)
DnaK 7} A48 55351 (Hamel 5, 1997) #8177
DnaK &A1 <lzh s} whgelA] ¢her 2 (Kim 5.,
1998) w4l FH-EAHAEFH WO 9640928 Al) & I
7} 8% olet, a2} psdell thsiA= Baght glema
E ATl M p4S 28T ps4 A7} o AEA
2) gz $-A1ER] immunoblot £4S 32 o) WA}
T, FYE T W 7kl e HhgER] edgke
o2 ClpLe] WREAE ZAs)et

My

o3 U gk

e capsulee] $lE v YAA HHEFFR type)
Streptococcus prewmoniae CP1200(Kim 5, 1998) =%
AMgElTh, FFEE 9wl CAT viA| (Casitone 1%,
Tryptone 0.5%, NaCl 0.5%, Yeast Extract 0.1%, 0.175
M K,HPO,, ¥ glucose 0.2%)% AH8-31593 )58 ) 2]
2 CAT wiAle] gbE 1.5% A71sle] Abgaisie). vied
T capsuled I3 WHUA HARTIL type 3 TFE
American Type Culture Collection(Rockville, Maryland,
UsAa)e 2 F8dsle] AMEIH.om wioells 0.5% yeast
extract® 7)}3F Todd-Hewitt broth ¥iA]S AFE-sieit).

HiET2L| stress HHS

HAHBTTE 30°CAA AEF7E 4X10%mle] 2 =714
CAT Aol A dfjofst vha- 42°CeA 3087t stressE 7}8T
T FA] 4°Col| A 15,000 g2 587 BAE]sled AL cell
pelletell 200 ul2] lysis bufferS mM Tris, pH 8.0, 30
mM EDTA, 0.1% Triton X-100, 0.025% [w/v] phenyl
methane sulfonyl fluoride [PMSF], 1 mM dithiothreitol
[DTTHE 7} F=A)713, 0°CelM 9024 23] sonication
slodet. dalEelsle] AAES AAG F A5HE F 4
sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE)Z ©]83}ed whiials Balg} F Coomassie
Blue = GXalgic}.

HHT T p8d REXIe 22

HAHT p84 FAAE cloning 37| #3814 £ A4
oAl FRE ps4 T NI opw|xAl Y (MN-
NNFNNFN)®| degenerate primer(27-mer 5'-G/ATG/AAY/
AAY/AAY/TTY/AAY/AAY/TIY/AA-3, Y=T or C,N=A,C,
G or T)s+ Clp familye)r % 2Z€ 2874 ATP binding
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Atz 8] ofw Al PTGVGKTZH-E| degenerate primer
(20-mer 5-GT/YTT/NCC/NAC/NCC/NGY/NGG-3' 37| A]

Y=TorC,N=A,C,G or T8 27} forward®} reverse primer

2 o]83}ed Pfu polymerase(Stratagene)?} Perfect match
enhancer(Stratagene)s AMH3td 30 cycle®] PCR ¥h&-(d
PCR cycle 2 93°CellA] 1-83F WA, s54°Cel|x 2 87)b
annealing, 72°CollA] 5 37t extensionyd AlAlse] B+
7 DNA 2 2. PCR Whe02 £Z3 DNA &
HE 23 pGEM-T vector(Promega)®ll 235}t

p84 FEXL HIIMY BY

HAH T p8d FAAT THste 29 DNAE
Exonuclease IIE ©] &3t nested deletions £3 p84 wt
B122) amino WO ERE JdLH el deletion setsS AR
Slod(Brase-a Base®, Promega) o]z Zb subclone?)
DNAE template®. ©[-8-3}>] universal sequencing primer
Z °]-8%}e dideoxy chain termination®hH (Sequenase
kit; USB Inc.USA) 22 sequencing 3t F strand il
W}t A7) E-& A s

p84 CHZlSl Ha| MK X &b MM

ojn] £ AgAddx Fg W@ 5, 1998y o]45}
o] p84 AL F3HTh & HHTFTFS 30°CY] CAT
wix]ell M 33} 550 nmell . FFE7} 0.2¢)] =2e w7k
wiekatal 42°CellA] 30 Bzt A5AE Zlat F A 28]
o TAE 2o} lysis buffer(5 mM Tris [pH 8.0], 30 mM
EDTA, 0.1% Triton X-100, 0.025%[w/v] PMSE 1 mM
DTT) ol A #&gk =2 10827} sonication st & 74
Egleh T 8]9S 24 Eelsle] AR Fo oA
Bradford method= Z2Fs}iv}. SDS-PAGEE AlA]5}e
iAS Bejg T p84 bandE o] electroelution
g o2 e AASl 2mi2] Freund's complete adjuvant
(Sigmaye} 2 48 §F €719 Foll 0.5 ml¥ el )
8} FAbslglT) 2 F 5] SE wbeE 1L FH)s)
of F7} AT 4 F F P F7) AEL s
E719 AAYANA Adsld AL Ry o
immunoblotd AA1Ee] AR SR-E AESI.OM | titer
7F 7P B2 6 F Foll ARlA vkl g9 A3
I Ao wEAEle] S3AZl F YAEeEle] E3S
285l Enzyme Linked Immunosorbant Assay ¥PH-g
ol g3led AL titerS 2R3}

Immuno blot analysis

HHT-TY p84 chilAe] FAS Felshr] Hsl anti-
p84 antibody2} immunoblotg AA)sHde. #7448
& 11% polyacrylamide geloll 4] 217193813 niwocel-

lulose membranes]] Aol AZ] F anti-p84 antibody<t
immunoblot &% E42 FX|E 27 & (secondary
antibody)ys AHE3te] AT & nitrocellulose® 2%

‘Tween 202 F-fshke Tris-buffered saline(TBS; 50 mM

Tris, 150 mM NaCl [pH 7.2]) 29822 z|g]sle] H]Eeo]
Q] 3 3AE-2- blocking A7 F 0.05% Tween 20
< FH35= TBS 2lollA rabbit anti-p84 A7} Ao
oA 1A)ZF Fot AA 3] ESe] FHA vHEA)ZIS}. Horse
radish peroxidase-conjugated goat anti-rabbit immumoglobulin
G(Ig@G) antibodyE 22}F3H) (secondary antibody)®. o83}
ol 0.05% Tween 205 &F3F= TBS LA 1:10002
2 Ml uheA71 3 B2l 95% ethanolel] £-5]
F N, N, N, N-tetramethyl benzidines 2Fz} 7|=} Wk
A Z. WA Zoh

HEHTPT Clple| CHaFs

N =hgbo]] histidine ©] ¥X| CipL& WAdelx A=
WHA7)7] S8 2.1 kb2 clpl FRAAE Kpnl ARE A
Y& forward primer(5-CGG TAC CAT GAA CAA TAA
TTT TAA C-3) H Sacl A28 443 reverse primer
(5-TGA GCT CTT AGA CTT TCT CAC GA-3)E o]
43}e] 9JAlA DNAS PCRE EEA7) ¥ Kpnl B Sacl
L= A%r¥ pET32(a) (Novagen)ol]l 4F38ked recombinant
plasmid pClpLE A8t} pClpli clple] N ot
His tag®} thioredoxin A AHtrxd)yE &H3k 9lod
cpla W HIAF7) A6 pChpls AT BL2I
(DE3)l| HAASAA 92 FEL 600 nm] HAA &
Bx7) 0.6 =23 wfj7hx] wieksk 100 mMe] isopropyl-
B-D-galactoside(IPTG)E A7}sle) f=sldr}. IPIGE. -
=3 waRg 2gAe) 99 T8 aEedelel 28
T ste] SaiA]7] & A Z3]AH(Novagen)®] A AITZE
nicke! column chromatographyZ- AA|3te] ClpLg F2ls}

e,

HMe £H

HFH Tl g WAEIE EA) 8 bl AF
(BALB) § t}2]Z & 22 sled 20 ) ClpL TS
g8 50 2] phosphate buffered saline, pH 7.5(PBS)-&
50 wi®] complete Freund adjuvant ¢} E&1sle] =)31A}
si5ior] AETelle PBS% complete Freund adjuvant %F
= Egsle FEFAb BTk 2F Feol FA] 10 pg
ClpL 43S incomplete Freund adjuvant <} E3}s}e]
)8} slod o d2FolE PBS £} incomplete Freund
adjuvantg TAFEISITE 35} 45 wol] ClpL w2
Fof Foidk A LA FARIL 557 o HE TS
7 Fo3l Aedes d S48
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= EE

HETd YS2Z{cME psdel 22| X

p84e) EAleke] WA B B. subrilis?] Clpe}d A
318k W] Clp family memberd 722 FAE} Clp
o] N sl AEA vl Alol7} ol #3)
(variable region) o= B8}l #HHEF pR4e] N Ut
oha)=Al AJde] 17709) o}w] = AHMNNNENNENNMDD-
LFNQ) % 7 /W7} o2 AEAL] Clp <A fAkslg e
B2 Clp member & 71530 & AR A=
HEAS psd FEIXe 224

H@dA dFAe] s FEEE 954 i (Fig.
1) p84e] N4zt o}m| e AHMNNNFNNEN)H clp 42}
7} BEAq] B3el ¥ WA ATP-binding site®] o]
AHPTGVGKT) S Z2E] 213 degenerate primerS- forward
2l reverse primerZ ]3] PCRE AA|3}e] ¢} 1.3kb
2} DNA 75 dol(@HA A ekgh) pGEM-T vectore]
Ardslel pG8403 B2 Ui} pGR403 FELRNE ¢
o]Z] insert DNAY| &} nested deletiond) S =hA] 3}ed
DNA 97)9%9E Z7Asle] BLAST search sl o A
(bovine)®] Clp-like protein®t L. lactis clpl# FAFS
elslgdtt. 12} 1.3 kb EEo)= promoter?} C Bt
o) AgEe] 9lou R (pIo] open reading frame

T16KDa -
87.4KDa -»

- HSP80

66KDa-»

Fig. 1. Sequence alignments of S. pneumoniae Clp (SPclpL),
bovine Clp-like protein (Bos taurus), L. lactis ClpL. (LLclpL),
and S. pneumoniae ClpC (SPclpC). The one letter symbol is
used. The ATP consensus sites are indicated by Part A.
Characters that are shaded in gray indicate the conserved
sequence between S. pneumoniae, L. lactis and bovine.

promoterE F-F-3k F2S B3| &) 3T A
DNAZ <8 7] AgE4z 2yt F 358 & ZA4d
1.3 kb?] DNAE =)o 2 AMsle] Southern blotS AlA]
#1905 W hybridize ¥ 7} 22 DNA bande Clal
2 AtE 38 kb2 ¥4 DNA o|@AAA] o).
welr H®WTE AAA DNAS Chlez Aslz
agarose gel Z7]%352 AA|8le] 3-4 kb2] DNA band Z
agarose gelflA] Hehile] DNAZ F¥] AA|ste] 72 7|
&2 HE pBluescript SK(=)l AFlgt & o Altoll
HAA AT doizl F2§ o]-83led in siw colony
hybridization®& 414819321} hybridization®:= clone®] ¢l
et ol A8l F29 4= HHFT genome 2719 6
uljol] sdsy w2 gl wlebd AZAP IO phagemid
DNA(Stratagene, La jolla, CAYE o]-45led HF 9kbe
DNAZE- 373l genomic DNA library® 2PAIEE 5 Azb
in sim colony hybridizationd AA|3}$3. 21} hybridization
F= cloneS 9t A9slgdw. & clpL promoterd -
3% clonee] W vectorelM - Bk S-S 2lsls
L old] B ofn] thE o HRHTTE FAA I
T 2 uE Ao Dillard®} Yother 1991; Stassi®} Lacks
1982). wlebr] The Institute for Genomic Research(TIGR)]|
A A3 WA S pneumoniae type 4 T2 genomic
sequences ©]-83led in silico chromosomal walkingS 4l
Algled 8L clpL FA1ALE] 971 LE Rl clpl
A 97IMgS B8 A 2103 bpd] 9712 A
Hel glew o]ZHE 701709 ol wAkERE 77,699
dalton), 57094 (pD) 4.99¢] A& F3lsle= Zlew &
AEGS. clpL 572212 upstream F-£2] -35(TTGAAA)
9} -10(AATAGT)*I| A sigma A type promoter sequence
7} AN L™ dnaK D groEL operondl] &%=
repressor binding site, CIRCE= £A31A] dsi=td+) A
A oFgh).

ClpL2| 0jOjcit Mdu|m

BLAST search 3153 W clpL®] d7iMLG2HE 5
g o)Ak 9L Clp family member®} F2 FAMIE
eRfo] 121%(GDAGVGKT)# 4514 (GSTGVGKT) 4]
28] olmjAte]] 27)9) 2k BHZEF ATP-binding region(p-
loop)g Z+A 3)%1.2 bovine Clp-like proteinat L.
lactis ClpL 3 22 76% 2 59% Z+Qk2. (identity)
88% ¢} 76% 2| AL (similarity)e Vel lsk(Fig. 2).
=3t L lactis ClpE®t 69%, B. subtilis ClpE ¥ M.
tuberculosis ClpC®} 66%, B. subtilis MecB2} 65%, L.
lactis ClpC $F= 63%, E. coli ClpBSh= 60%2] A4
<+ vEhgdE) F €99 Clpl ATPases wHE A2
Clp ATPase Bt} Zh-2- variable leader sequenced ZHil
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Bos taurus

SPclpC

LL clpL

SPcipl

Bos taurns AL

SPaiph FQVL

L slpl MFLGILE

69? 70(}) 71(}) 72?

SPciplL AR Y AN T rerirrr - AD ELVDRLKP

Bos taurus & B fgsﬁﬂﬁ 23 Kf LMDKLGP

SPs1pC ATALRDD! VGFGAKDIRFDGENMEKRMFEELKK
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Bos taurus
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gpeigia-wu THRGR R

os 5 s
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Fig, 2. Induction of §. pneumoniae ClpL after heat shock at 42°C. Exponentially growing cells were exposed for 30 min after a shift
from 30 to 42°C. Proteins separated by 10% SDS-PAGE were stained with 0.1% Amido black solution JA). Lanes 1 and 3, non-heat-
shocked lysate; lanes 2 and 4, heat-shocked lysate. Immunoblot of cellular proteins separated by 10% SDS-PAGE was reacted with

anti-pneumococcal heat shock protein p84 antibody |B].

U (Fig. 2). N 25 o)Ak 11-18 89 87 ofm|x
A2 Av(bovine)?] Clp-like protein 3 L. lactis ClpLe
ME HAE A BEF oAl MEIRA ol A|zg
715 2 UE AR FAEC omxal 5355414
(TLLLQV)el & wansmembrane segment® 3 Yo}
ClpL e}#)xAt N 2ol 2H)5= shijdedga ss
hydrophobic signal sequence?} g2 ofmjxAl 117}

121 Afeloll HRtE2](- NM-DD - )& &A= A|go] #
=i} (Fig. 2).

HETZ ClplLel chzsts

T clplg TR AT PTGE H7kskA] eat
<& ClpLe] F=5%] @gkorkFig. 3, lane 1) IPTGE
100 mM #7183 Wi ClpLeo) Wik #55%1H(Fig. 3
lane 2). WeF WHF ClpL-3- nickel column chromatography
F AAIST] 100 mM®] imidazole2 et Sog
elution 3153 W ClpLate] B=)=ichFig. 3, lane 3).

HETZ ClpLat CHE Clp member2le| FAR

#H ¥ Dnakr} & e] 2 (Hamel =, 1997) %3
T4 DnaK 347} 17k A} whgsl#] ¢ohemd(Kim
5. 1998) WA FEREH=R HriET glenm R 4 2
WO 9640928 Al) ClpL $¥e) o2 P49 Clp %
AA|e} fAREER] Bielslr] Qs ohE Al = 25 AE
A AE EeiA=} immunoblots AAISHAS. Gram-44
T B. subiilis, L. lactis, S. pyogenes®] Clp -fARd<h
wk2Elg ot E coli, S aureus 2 21ZF Hela cell®] A
E A= whEEA) sl Fig. 4).

HAGF-gollA FHE=EE ClpLo] WAldola L3H=
ATP-dependent protease ClpA, HslU, HslV, ClpPg} At
Aol lEAl Felzl] $ste] AT Cipa, HslU, Hslv,
Clppoll w3l 9hSo]Al polyclonal antibodyZS AR8-s)e]
immunoblots- A1}, BAHF ClpA 1S WheAZ-S
4 Fig. 5o)A9t o] single band®. #HH 772 Clp #2F
Aot vhgslglon wI-gsk AT ClpA FARIE AT
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Fig. 3. Overexpression of ClpL in Escherichia coli BL21
(DE3). Proteins were analyzed by SDS-PAGE on a 10% PAGE
gel and Coomassie blue-stained. Lanes 1 and 2, total cellular
proteins from uninduced and induced cells, respectively. Lane 3,
94-kDa fusion protein purified by affinity chromatography on
His-Bind metal chelation resin.

SP BS EC SPy LL SA HC
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Fig. 4. Immunological cross-reactivity of anti-pneumococcal
Clp ATPase with other organism's cell lysates. Westem blot of
heat-shocked cells lysates separated by SDS-PAGE was probed
with polyclonal antibody to pneumococcal Clp ATPase. Lane 1,
S. pneumoniae (SPY; Lane 2, B. subtilis (BS); Lane 3, E. coli
(EC); lane 4, S. pyogenes (SPy); lane 5, L. lactis (LL); lane 6, S.
awreus (SA); lane 7, human HeLa cell (HC).
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Fig. 5. Immuno blot analysis of cell lysates from E. coli and S.
prneumoniae after heat shock. Lane 1: 30°C culture of E. coli;
lane 2: heat shocked (at 42°C for 30 min) E. coli; lane 3: 30°C
culture of S. preumoniae; lane 4: heat shocked (at 42°C for 30
min) S. preumoniae.
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