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B E. KW HRKLEG DegP. Ak /E HrA X G 8 Do B A 5 FTHBARZ QB A E, XK DegP 2 F

HKIATHR £ @B T RS S, DegP 49 dhth s &9,

AW PR EN B SRR S A — R RS

R, f5H o T 0 ALENT 49 R B A DegP 5x K AR5 E 149 cclactalbumin £ # G it 298 A X KRR
o =T R ARCHASTRE = EMF EFERERERBTEMIAN ARCRG AN ZRAEANEA DR
PRAFARME G+ AR E W5, L FL3 Degp + ZRARGI LM H AR X AR T M 697k,

KB HARA R G DegPs FFLM AR 8 F M5B

HESES. Q71:0Q336 TEFIRIREE: A

TERR ST S i 5 A0 257 A R R AR
XA R R AR B2 A I e A T LAY
T, EA—FRIPILE] A4S 2 Fh 0 10
1535 AR 1 R A 2B 7K AR P BB PR ixX A7 P
FA"Y, KRBT KT 1 DegP (X FRIE HirA
B Do) HLE X — M E S ER . EXY
TR ETE TR N AEFRLHN, BRI
AE AT BEIRIUAEPE I IR BT B E R, DegP
T A &R E R B A PR E A IS TR E
TEPEAN S B WS R, B A B T VRS O T
ATP, 7EZ R N EPERSS Bl T T e T Mok 42
B FESS Otk El g

DegP (14 it V% 25 4 45 fif BT i 3% BB A i 1k v DA
FNIRARBTEAAEAE /S RAK 2 A =R IR 2E
BEEE GG, B FAR IR — AN 2R 1 g
¥ 355 A1 P A~ PDZ (PSD-95.  Drosophila melanogaster
Disc Large protein and the Zonula occludens 1 protein ) 4%
Hasdidty ™ . Hoeh 2 FTBERL RSO T4 PR T
PR T Y T PDZL A PDZ2 Z5 K 15000 43 BN 5
GBI MLERE N BRI R s A = &
PRESF R, AEI A =R AR Z A AE — DR =
I B BRSBTS, AR
HI T AL 2 58 4 BRI A JLAS oop R BT PAT. A
{ITHED DegP /ST IRAR R A —Fh R E RIS,
FOll—F B S MER T LA loop Y DegP A5 JE
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EETH . HRARPEI S I H (No- 30330160) .
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IR T ANRIRI AT T DegP BTEVE R AE AT HEA 2
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#, olactalbumin 4 [ Sigma 24 F], Lysozyme 4 H
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1.2 DegP(S210A) ERRIFRIAFLAN

HAAE BL21 (DE3) B bk 238, JF il 6 &
ERrEEt . ERRAESTC N & 50 Hylml KR
F LB B A, Y As OB EAE 0.8~1.0 2
I, A 0.1 mmo/L A9 IPTG %5 4 h, B #5000
rpm 50> 10 min . YE BV (50 mmol /L. NazHPO, -
NaH:PO.. pH 7.6, 50 mmol/L NaCl. 20 mmol/L
imidazole, 1 F‘g/ml pepstatin A) 2%, 8 I ZLAR 20
B, S 15 000 rpm &0 50 min. b 3E I Ni-
NTA =404, 4308 100 ml f 2wk A (50 mmol /L,
Naz HPO:-NaH:PO1,pH 7.6,0.5 mol/L. NaCl, 20 mmol/
L imidazole ) F1 2% v #§ B (50 mmol/L Na:HPO.-
NaH:PO: - pH 7-6. 1 mol/L NaCl. 20 mmol/L imidazole )
VEAE T, B e R R B R (50 mmol/L, NazHPO,-
NaH:PO: pH 7.6, 50 mmol/l, NaCl. 250 mmol/L,
imidazole) AR . AN Sy (9590 itk
SDS-PAGE #lll,

1.3 HFHHETEIE (size exclusion chromatograp™
hy, SEC)

SEC #7E4C 2. ] AKTA FPLC RS
S 1 1) Superdex 200 10/300 GL 4% (GE Healthcare
Life Sciences), [i& 100 M #¢ &, {5 F % B wg (50
mmol/I, Na: HPO:-NaH:PO: , pH 7.6, 50 mmol /L. NaCl )
Ve, 3t SEC £33 DegP B B /SRR Fih—
A, AL 4 HE VR L IE T Pierece 24 F] Y
S PEh=sF Wil iAW
1.4 DegP-E#IE & HIHIE

AT 15 %) DegP KW B & 1R, 4L ) DegP
(S210A) (1.0 mg/ml)%léliﬁf 1:2 (DegP monomer; o
lactalbumin ) 8 BE /R L NI &Y a-lactalbumin H, 7E
42 °CE 30 min, MCHTAEVE W P IMNZIR Ly 20
mmol/L. 1) DIT £ J&{ elactalbumin, #f it 850>, 4
TLEY), ST T SEC 53 45 AR S
L5 HREMERLEE

HLBERE S 100 1Y Tt R 97 Yt JS 7E Philips
CMI120 BisTWIN U35 G s 8 S0 %e, TARIE W
100 kv, BORFEHCH 52 000X, ik F ok SR ELE 5T i
AR R P S A Nikon Coolscan 9000ED #4494 {%
9, KN 1.27

DegP (SZ10A ) 5 G ¥ 2 4+ 52 4 i it 56 0L T
PR EMAN" R PR SE R, SR AR T
Weml, 5 2. B 5EH A Boxer B2 7 ¥R T KR
NI = Bk G HH e HEA T etfie 5 2150 CTF ASIE, 12
TE A R 3 startnrelasses 7 & T ES R A S

PR 2 . K2 10 AR AP 34 73 2
VERRIEAI A startAny #r S TH A BIWIIARAY . 0t
ZRMA . £56 75 18 ST 1R 22 1 e AR B R FR 1
TEXTRRVE A A R T — 2L,

s PSR ] PR — 45 B A [ 1Y B R 2 SR 2 A T
UCSF Chimera 4545 b 5 ILAE 5K B (local optimization
strategy) [ 3951%‘9"] °

2 %R

2.1 DegP ARFS5ZMAY orlactalbumin £55 5
BAMERE

i T DegP H A 25 FABHE M - Rt R
EEY R EE A IR A O R AT SR
TR T HAMIEEN RS DegP (S210A) 3k
AT DegP SR ALFIE A & &K, alactalbumin
B BisE ek DIT 3 J5 5 IREE & A g4 8 M\ ml 9
DegP K fi#, K It a-lactalbumin 3 AEFE {4 #M5l DegP
EA RS MR, S & DegP (S2104) , o
lactalbumin A1 DIT {& &5 7E42 CHEE 30 min, 285 H
Gy F ST T (B 1) &3 DegP 7S R AKAY
PRI TE % T R BE 78T AN 431 3 24 500 KDa By 3%
Fiie, X 45 SR T AEREME N DegP 7N B
PRIER T BT SRR IR, DegP /SIRURAY /> F &0 288
KDa iX Fo#7 B R IR 1 73 T R A2 B 2 15,

H T DegP X+ E- coli 1) B E M FERIAE S
LR (B0 42°C )P R e A S 4R T A 42°C Rk
§ 5 DegP 5 olactalbumin, bR b, FEHERE T,
BN e Z AT EE A2 T 2RIA &5
2.2 DegP ERGARHMIVREETN=HEN

K Ry 32 51T AL S AT () 73 R T R A5 SOHFAS
REAR P R TH A9 SCIR B 5 2 SE R R HERI M A, B
B SR, — Y E A R T — AR R AR SR Y
IR A R LS B 7 v o HE A KA 3 3%
EAREAE AU k" F I EE X
Tl IERF T DegP SRR IRAY S5

WL M\ 73 T 1 8 i ) DegP B SRR A 453
1Y R BR B e o )5 Al B B R, E SRR 2 firos. &
2a ;EAE RS HRH) DegP 7S AR, B H BN B3 B
1229 12 om, 5SRE SRS R R 250, B 2b
RIS TE DegP R £ HH VI EZ
29 14 nm, KF SRR BEAR, HBA B A 565
IR SRR TTRE R AT e i 451 .

EZ MBI P pkie T 992 MEBRRTH T
HUBURL AT, X BTG T IO S BRI 43 285
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Kl 1 DegP 455 EIfEHT &1 clactalbumin 5 5L BABRM ZER K . 7070 JZHTE B 7R DegP (S210A) 75 R VR A1 45 figt 4 &
B olactalbumin 5 (4 DegP (S210A) , [ T B 57 3k 16 75 DegP (SZ10A) iy /N B (A AN+ — B kL LA B ad B Y oclactalbumin
T L IR

Fig-1 DegP is converted to larger oligomers in binding to unfolded clactalbumin- Gel filtration elution profiles of both free hexameric form
of DegP (S210A) and DegP (S210A) incubated with unfolded o-lactalbumin- Eluted positions of the hexameric and dodecameric
forms of DegP(SZlOA) » as well as that of excessive alactalbumin are indicated by the downward arrows -

- -

Bl 2 X FhRHSER B A A R PRI, a. LY DegP ANERAKM B E NS IR, AR 00 P HRZ 12 m,
Bar=>50 nm ;b DegP (S210A) 547 & ) «lactalbumin 5 J& 10 K SRR IR S gL lUBEIE Jr o X lok 7 - 3 AR 45D
14 nm > Bar =50 nm s c . iX TR AY SERMORL T 48V 3 R, TR 3 ORI 2 WORe i xR Pk . 55— 47 B A I
YR R 2 1] 5 B AT BRI N T XA 18 IR TESMEL K 234 nm,

Fig-2 The large oligomers have regular and symmetric shape- a:The negatively stained electron micrograph of DegP hexamers is shown as
a control - The average diameter of the protein particles is about 12 nm,Bar="50 nm: b.The negatively stained electron micrograph
of the large oligomers of DegP (S210A) incubated with unfolded olactalbumin- The average diameter of the particles is calculated
to be 14 nm,Bar=>50 nm; ¢ ; Representative two-dimensional average maps of the large oligomer particles: showing 3-fold and 2-
fold symmetries of the particles- The top row shows the average maps without symmetric average applied; the bottom row shows the
average maps with symmetric average applied- The box side length is 23.4 nm-
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THHRRE — R —4Fi ], Hp— Py K e
A TSR 2N R SRR BN EA 3 R 2 A i
FEXTRE (B 2c), XSt R V(S EOR A F) T IE 7
A REA T BUBURL = ZE A

P 2 10 A (E 0 B B I B R
i 42 18 B S 26 (common Tine ) 7795115
BT —HIRE R WA AL, RIRERY B BEAE X A
HURER B th R B 1 3 UM 2 UK A4 e i Xt R
TELEAB AL 73 BIAIN X PRI DR 24 ] A gl =

—

YRR PR, (BB X PR R LT B 7 K
(D3 X FRPE) ] Bt N B S5 17 fiE = e A A8 52 42 1
IR, G AT A5 JE A BRAE K A S5 A A = YA
W C2 0 C3 AR A B B JE R 24 2
FC3 BT R Al TSP TR Y S (Rl 25 4, TR
PeAER SR TE 25 M A AL B N IO T e et R 2 B0
VLRSS R A A R A f) 254 . 5 AL IE 3R
FREEAT, BLEN AR B = 4ERE AN 8 E ) — A R 2 1Y
CEMFEAFE AT IE, TRER T &M =4

0.0 r r .
1740 1/30  1/20 , 110
spatial frequency/1/A

K3 DegP + “BRIKA ZHERMMIAY, a. + “IRIKARFEMIE . EURUTE 3 YO 2 YO FRBIRIR sb. - BRI AY A R4,
MBI 5] s ¢ . — > DegP —RUKMY TR B N2 B b, AR A = RIKAEH W) & d. F T 5 BOM I BOUF 5 19 ki
T AT = HEE A AR 15 B A DTS = MERL 2 1) B 8 52 PR AR OC (FSC) il £ 5 B 4 7 % 2 (1 L L FSC =

0.5),

Fig-3 The reconstructed three-dimensional model of the dodecamer of DegP- a:Swface rendered views on the maps of dodecamer- The

views are along the 3-fold and Zfold axes for easier visual interpretation ;b .The map is clipped for viewing the internal structures of

the dodecamer;c:An atomic model of DegP trimer is superimposed on the electron microscopic map: showing the nice fitting of the

trimer; d: Fourier shell correlation (FSC) curve calculated between models reconstructed from the even and odd numbered

particles- The resolution is determined at 0.5 criteria-
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R (1] Ba), G A 24 38 i iU A
EE e = A TE AR S FE LY 2.3 nm (FSC = 0.5 B,
4] 3d)..

TEXA Z ey v, 4 A= A T () 45 4 37 B
NN B 46 4 (18 3b) . HK R B AR 14
nm, 2 B A 2SS, 5 DegP 75 B Y 4 14
G H B AR B0 3 b = A0 0 43 B TR 7 T 75
B e ) — A = 3 (&) Bc ) 7E BB T Mg R o
A Z BRI EGSEF R PDZ 1 28 g 480 TT L 375 Bl
BN S, Wk L Rl I S SR SR 45 M J—
Fih ELAG DU T R Bk P+ B A
3 Jtig

TEA S TAEF I ASVER) alactalbumin BB 1755
DeqP T Ky SEZE 1K LR S5 43 7 2 3 o
FEERAR B IB LS B, DegP = B4R R H
ZENI AT, LRTRFMSCERE N B coli Tl
1K DegP HH R4 DegP 2 B/ B (H 8K D B Y
DegP LS & i BRI R AFAED ), FFilad HE AL 2 if
o X PR AT AR R+ 3R (B
TR L, LA R A RIS, AN SCHE
RONSZEG TR AR S T+ B R, ELA I A o
LT 7 SRR T Sk

A B {1 2 848 3 1 DegP (S210A ).
EFRAEART KT EARHE SN BT
AR T VR b A AV TR 5 A R T 1 A A
Y, RIS EIR A S 1 SRR T AR
RHETE IR YRR A2 BEELNT S DegP 458 RIS
YE A R HE TR ARG PR P RS, R
B TT BE S DegP 75K 4 2 [ BHE PERT M SO A
DeqgP {1 & 45 4 € B & 2 1l WA = B A il 75
B FUR R AL O B (3 357 7 TR A P 3 i R
YR FRMEFENENE S b0, I B OB LA
RSERY loop PR 58 4 B AT AL T2 5 ok 521, A
I RS 1 75 B A 1 225 M AR VAR DegP R H40E
PERIHLIE, DegP 75K AEIEVERT FTREZS 3 T W BA0 19
A, T DegP + BRI L5 . =R (K
ST LR ) SMEE . o i) — 23 P ] 28 90 AR A1 iR
Yy, T+ BRI BTN B AR RE
WX = IR LA loop FTEE . Bl ZE+ B fhrp i
Al eh O T RE A T RES0E RS

DegP HHFIK 2 Ab7E T & [ B BA IR A
I BE Y A R EE AR R T
A9 T B GroEL Al proteosome 437! B A X P Ff %

PE A EA B EH, 8 A fEE b T S s
e T IR R B A I TR A M R R T
AR ELA LA BLHI DA A #4573 - F1 18 A B B TS
P, RIE ZALFETF GroEL Al proteosome [ 78 T 25
SR R WSS B A T I Y 2 1Y - T DegP +
TRIRMIEBCR Y TS, XA LR AT REA BT
DegP [ AE MR8 FRES i il K i 8 A PR A4 & 45 T
PELA S A b B BRI E AR R R

DegP + 2R 1 T 45 40 1) 7 ] BB I AR 31
E5—JTH, “AEM K& EEAR, BHE
HIRA Z) K ERET X A" T E . DegP 5742
YEFE AR A e T A R R I T S TR &
AL XN TR H R R AR, B R
o R AT DA — 25 G B b BT B A TE R
My 5 BOK R BT 8 IR BE B, X PRSI A S5 2R%
Sy LA ZE A BV X T DegP ZEMrBE &4 T
et i AR AR A K AT RE A R L,
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DegP forms dodecamers upon binding to unfolded ®-lactalbumin

CHEN Guo, JIANG Jian-sen, SUI Sen‘fang*
(Department of Biological Sciences and Biotechnology» Tsinghua University . Beijing 100084, China)

Abstract : FEscherichia coli heat shock protein DegP» also known as HirA and protease Do was found to exhibit dual activities as a protease and

a molecular chaperone- The activities of DegP are indispensable for cells to grow at elevated temperatures- Its crystal structure was revealed to

be a hexamer formed through staggered association of two trimeric rings- In the present work: we demonstrated that the DegP hexamers convert

to larger oligomers upon binding to the unfolded a-lactalbumin by gel fitration experiments- The negatively stained specimens of these oligomers

were subjected to electron microscopy analysis and single particle reconstruction- The results revealed that they are cagelike dodecamers

composed of 4 trimers in a tetrahedral symmetry- Referred to previous publications: we then suggest that they may represent the status of DegP

in protease and chaperone activities and are thus functionally important -

Keywords: heat shock protein DegP ;single particle technology ; electron microscopy
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