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High efficiency encapsulation of nano particles in the chaperonin GroEL
--Research works accomplished by using Electron Microscope System: XXIV (2) --

Hiromi Yoda', Ayumi Koike-Takeshita'

Abstract

The chaperonin GroEL is a double-ring structure which is constructed with 7 subunit ring of 57 kD,
and those ring forms back to back. GroEL is bound with ATP and the co chaperon GroES for assisting
protein folding in the cell. GroES is a septemer ring structure of 10 kD, and forms an asymmetric bullet
shaped complex and a symmetric football shaped complex with GroEL. We tried to encapsulate metal

nano particle in the mutant GroEL which can constructs stable football shaped complexes. High
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efficiency encapsulation of FePt

observation.

nano particles in the mutant GroEL complexes was shown by TEM
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1. (XL®IZ

AR & R B OB e T B E BT 5D GroEL
X, BEEME O MENESICEET Ay Ra=r T, B
BAEMD I bay RY TIZIFET 5 Hsp60, BERLRIZIFIE
9% Cpn60 & & HIZ, [ By Xa = NIpEHI D RE
B2y ¥ Thbd, GroEL X 57kD DY T 2= + 7
ENGRD Y v TIREERE A DbEIZ 2 DER -7 14
BEEEELER LTS (Fig. 1), AoV 7O AOfT
B Y R EWHES LTz GroEL 12 ATP AT 5
b, HEEENEZ > T GroES MfEE L., EEZ
BITERA Snm ONEEICKE S, BEOFERKRICE S S
NBZERS T+ —NT 4 IRTESB LY

AR GroEL @ ATP HIKAyFREERTIZH 8 B TH Y .
GroES 7% 1 2fE& L7z #HIE GroEL / GroES A& 2 AL
LB 2000 I RREIZEEILENDE Y TR
ba—2 BT VRREFREBBEINTEL L, Ll 1250
GroEL {Z 2 DD GroES ##5& L7 7 v~ AR — L8 GroEL /
GroES BEEMNKISHMEL LTHEET S Z EBNHL M

2220, TOEEEPRBRIN TS > 4 GroEL @ ATP
IARGERICBED D 7 X ) B RARIX, ATP Nk 5 AR
DIER SND T, BAERIZLE T T v MAR— VBB AK
ERFFFMERFF TN TEREEZOND Y, FILRK
WZE NI BUNDOWEERVIAER D Z LN TEIL,
GroEL / GroES &K% & LRI BMDF ) %A AT+

GroEL

Fig. 1

GroEL / GroES bullet shaped complex
(a) Top view, (b) Side view.
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N LTHIATAAREMENR B 2 611D,

—75 ., EEOEERSETIE, BT Fy hO&RT /R
FO—RTERVO R TEBREENTRY °, £/, EE
SEFCITAEREG N DIRIRIED T/ A Xk - 1n
BBRORENLENTVS S, Wb I—RF /) F=
—TRFIRLFE Vol ) MBI ORIARRE S TR
0. F 2RI BON T O & 4R U (RO E % 7
BRETHIOBMVFEADZENEET LY, LnL, BT
JRIFIT REEPRE N ENOEBLERR 22T
T, TR —=anf KRV, TR hNEE
ELTLEIZ LR T /RITORERER D Z &2 D,
FlzE, F/RFO—FETHHET Ny MI, — Kb+ &
LCHEET DI LI L VRBRIRTFRIICHE~RO R 5%
HrBTHETHA RAPREFFON, 2 A FiZkd L
BENIZ KRB, TDD, HlROT 2 RITi, ARE
WABIAEEOR U ~ — TR T RIEDMEM S L. BAMED H 2
BB I TV D,

% ZC, &&7F / kit % GroEL / GroES A RN X
<HBL, KBEKRF CLEICHETDZ L 2HRALE,

2. MHRBLUHE

2.1 €@/ HF
LB U ERERT H &8k T / BLT (FePt- P.A) DAL,
Sun 5OFEEZBRBLTTo72 ", Bobhi-a&sk) kL
Fix, = ) —VREL ERTEETS CTREFEL
FRTFRERE LT DD, =y ) — VBT &
FePt- P. A. % 14,500 rpm T/l L., LIEBREHR, 7=

AN TR 2e#iS  B-38 (2014)

— V¥ A% C. 20 mM HEPES (pH 7.5) (Z4y#k L CfEH

L7,

FePt-P. A DRIERGHPED T2  TEM an o4 X
FfEAt 7Y >~ K (EM Japan) %A 4> =2—4&— IB-2 (=
A a—x =7 V7)) (T, 1400 V, 3 mA, 30 B[
TT T A<RLFELTZ, FePt—P. AKIFIEEIK 3 -6 ul &7
Uy FET 1 SREREE, BEA TREZRVERY, 7
Uy R%& FZ 4 %—s3— (SANPLATEC Corp.) W 16 k¥
ML BRI LT,

7'V v ROBEIT, FERETHMSE JEM 2000 EX (H
AET) T, MEEE 100 kV TIT o7z, Image] 1.46 D
Analyze Particles |28V | BE{gF ORI ZFEH L CHEHL
HL, SRR EZRDI,

2.2 821X & GroEL, GroES g4l
ATP /K45 iR % #E & L 7= GroEL Z£(K (LLF GroEL
LT ) B X OEFAER GroES T3 SUTREVRERLL 72 4,

2.3 GroEL / GroES &8 {AD &L

FRRE S MBI E D2, Table 1 1256~ T GroEL /
GroES / FePt - P. A A AR LI, ~(/unFa—7
{Z FePt - P. A. & AZL. Step 1 DK Z RN 1 /3R B2
T4 I VIREE L, Step2 ORBEZEBEIMLT, HA
K& LTz,

F7o. BRLEEL (DLS) JIED-9HIT, Table 2 IZ1¢
S THRBHARER LT,

Table 1 Recipes for TEM observation

Step 1 Step 2
. (Transient concentration in 50ml ) (Final concentration in 100ml )
Sample Handling
S APt B2, GroEL  GroES  BSA GroEL  GroES  BSA ATP
(uM) (uM)  (mg/ml) (uM) (uM) (mg/ml) (mM)

(a) FePt-P A - = 5 R

®) FePt-P. A /GroEL — GroES, ATP 017 0.1 02 1.0

© FePt-P. A /GroES — GroEL, ATP 0.33 0.1 02 1.0

) FePt-P. A /GroEL/ GroES — ATP 0.17 0.33 0.1 0.2 1.0

(e) FePt-P. A /BSA — GroEL, GroES, ATP 0.02 0.1 0.2 0.01 1.0

FePt-P. A /GroEL/ GroES
® (Rotation for 40 min. ) — ATP i1 VEE o e LY
. FePt-P A 16.67 mg/ml FePt-P. A 10.00 mg/ml
Common composition
20mM HEPES, 100mMKCI, 5mM MgClz
Table 2 Recipes for DLS analysis
Step 1 Step 2
S— Handling (Transient concentration in 50ml) (Final concentration in 100ml)
P (Step 1 — Step 2) GroEL GroES  FePt-P A GroEL GroES ~ FePt-P A ATP
(pM) (M)  (mg/ml) (uM) (uM) (mg/ml) (mM)

(a) FePt-P A - - - - - - -
(b) FePt-P. A /GroEL — GroES, ATP 2.0 2.0 1.0 20 1.0 1.0
() GroEL/GroES — ATP 2.0 4.0 1.0 2.0 1.0

Common composition

20mM HEPES, 100mMKCl, SmM MgCl,
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ZUNRTED TEMBED-D, TEM oo U4 o Xk
fEft 7 )y ReEA Ay a—F— IB2ICTF T A~0EL
7z (1400 V. 3mA, 307%), % AR L7 GroEL / GroES
BEFERENER 3 -6l 227U v FET 1 HEERSE%, 8
#iK T2 EIFEE L, KOH TpH4.0 ([CFHEL05% U
BT AT U (TAAB) 6ul T15BXNT 4 ThE L
oo BEHRITIBHES TEOEHER VRS2, ZD%, 7V
v K& KT A %—/3—NT 16 BERILL LR L=, HBEf

EF %S JEM 2000 EX (2 CTHIZ L (INEEE 100 kV) .

W E BT D GroEL/ GroES #4&1ED 5 %, FePt-P. A.
EFNETAEASEOEE SR FREARZEH LT,

DLS HIFE D 7=, DelsaMax PRO (Ry 7 <> « a— )L &
—) ZHW, FARL L7~ FePt-P. A.. GroEL / GroES / FePt P.
A.. GroEL / GroES ORISR & 434 LT=,

3. faR

3.1 FePt - P. A OFHHFE

FHRRE T M CIRE L7 FePt - P. AIZEAL LT
A RE EORT ORIRETEFHAE LTz & 2 AR
1£3.99 = 1.00nm (S.D.) TH-o7= (Fig. 2),
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Fig.2 Particle size analysis by TEM

(a) TEM image, (b) Particle size distribution.

3.2 FePt - P. A. @ GroEL / GroES ~DHEEH

TEMBZIZ LV | ., EEFEMARICAL B2 5 GroEL
/ GroES & RPN ERIZ FePt - P. A.0D B A AR 541, FePt - P.
AZNELIZ L3R TE 72 (Fig. 3), FePt - P. AU,
KIEHE R TRF R EANEBET 2EMBBE I NZN (Fig
3a) . GroEL / GroES A BICNBEEE 2L T/ Y v R E
DHEENRRL ool

FePt - P. A.& GroEL IR & L7-DH GroES, ATP %18
U 7-3%k b (Fig. 3b), FePt - P. A.& GroEL, GroES %[
BRICIRE LD B, ATP 23BN L7k d, f (Fig. 3d, f)
DRLFNERITIEIZ 84.4 %, 832 %, 95.4% Th o7,

GroES 3£77 T C FePt - P. A.& GroEL ZE& L7-RE D
BFNEEN 80 N ETHDDIZH L, FePt - P. A&
GroES DIEA#IZ GroEL, ATP 2380 L7- 38} ¢ IThi 7™

DT BEBEE AT AR BHITFERUCR, £ OXXIV (2)-- UK - /hth) 51

TEN 593 % TH 7= (Fig. 3c), £7-. FePt-P. A.& BSA
DIEAE%IZ GroEL, GroES #3801 L7238kl e DRI FNE SR
X 17.7%ThH -7 (Fig. 3e),

3.3 DLS AIEIC &k BKBERDDHEL

DLS HIERE Rz FBPRIR DO B ELICE SSER SR
ELUT Fig. 4 IRUTZ, #BE 1.0 mg / ml E22B 5912 KIEIK
IR L7 FePt - P. AT, BARCITZEIIRIFE 2195.4 nm %
7RL. 1000 nm PL_ LKA AL 2T 030D 7= (Fig. 4a)
%72, GroEL / GroES # & R E#Ki4E 21.3 nm & 1283.6 nm
22 DOV —IR3HBH, KAEIIRTEIZEL (Fig. 4¢) . 2T
X #RAE LB E AT CAEBA ST GroEL / GroES A ED K
EXLIFF—HL Q= (Fig. 1), —F.FePt - P. A. &#&%e
GroEL / GroES & AFENCITEHRIEE 207.7 nm (2 KE7R
v —2 %157~ (Fig. 4b)

4. EE

4 EIE A L7 FePt - P. AT EHIRIZRAKI 4nm ORI F TH
Y. GroEL OEZH Snm D ZERIZ ADE R REETh -7,

TEM BEREHIBOTHROILFNERBE -0,
FePt - P. A., GroEL, GroES % 40 /pffin—4%—VU —3 =
A J—THEIPIRASHIZ ATP ZFM LR E (Fig. 3f) T,
FONERIT 954 % ThHo7=, £7-. GroEL D 2 HDZE
WDOENEFIITKRITFERNEALZT v bR —LEIEEKE
B s/ (Fig. 3f #EKKX), GroES f#7£ T T GroEL (Z
ATP Z¥sH19 5 & GroEL D ZEJRIZI% GroES DEN &,
RN U2/ & 72D, ATP EINATD FePt - P. A&
GroEL D#EARKH 2 ¥8IN3 5 Z L 12 X > T, GroEL D ZEiR
AD Ot~ FePt - P. A. R FORFEEN+DITRI Y,
GroEL / GroES ~DRLFANAENA LT LEZ BN D,
F7c. FePt - P. A.& GroEL %, GroES 3Ef#7E T (Fig. 3b)
FIZIIFET (Fig.3d) TlIHMERyT 4 7 TRAL
Te&IZ, ATP ZEBML7=RBOWT RO FRERY
80 %LU LTHD Z &M HER ST, —F, FePt-P. A% F
® GroES (Fig. 3¢). 5\ X BSA (Fig. 3¢) LBAL-
#%IZ GroEL., ATP WM LZBE. KFRNARITELL
KT L7z, FePt- P. A.& GroES & % \\Z BSA DEEER
WZRY | BT EORBRBKEL 72V | GroEL ~DNE %
I RN E 2 5B,

DLS #I7E Tix, FHUICKL T, FePt—P. A. & ¢e GroEL /
GroES #H &K EHII VT, GroEL / GroES & EDER
20 nm D7 10 fFIZH Y 5 HRIEE — 7 2355007~ (Fig. 4b)
DLS BIEITRAEHEE N RIER RICHEL 52 52805, H
TE T DRRIFePt- P. A.DUFEIT AT 572012, 3k
B£% 1.0 uM GroEL /2.0 uM GroES / FePt — P. A. (1.0 mg / ml)
LLTHEY, mWRLFNEEREZRLEZ TEM 812238 0.1 uM
GroEL / 0.2 uM GroES / FePt- P. A.(10.0 mg /ml)) &I34EAL
D3R72%, TEM DREF ECid, FePt - P. A ZPELT- GroEL
/ GroES & e EHIRRIRL 7 L3I SFEL TR S L=,
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95.4% (n=170)

Fig.3 TEM images of FePt — P. A. in GroEL / GroES complexes

(a) - (f) were formed according to the recipes in Table 1. (a) FePt - P. A., (b) GroEL / FePt - P. A. — GroES, ATP, (c) GroES / FePt - P. A. —
GroEL, ATP, (d) FePt — P. A. / GroEL / GroES — ATP, (¢) BSA / FePt - P. A. — GroEL, GroES, ATP, (f) FePt — P. A. / GroEL / GroES —
ATP. The Black arrow head shows FePt — P. A. encapsulated in GroEL / GroES complexes. The White arrow head shows empty GroEL /
GroES complexes. The FePt- P. A. encapsulation percentage and the counted total number (n) of GroEL / GroES comlexes on the TEM image

are shown under the each sample.
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Fig. 4 Paticle size analysis by DLS

(a) - (c) were formed according to the recipes in Table 2. (a) FePt
-P.A., (b) GroEL/GroES/FePt-P.A., (c) GroEL /GroES.

TEM #EHZ< BT DLS HI%E Tl FePt- P. A JBEE MRV
. GroEL [F 23N E 95 FePt - P. A ZE A -7-0>, FePt -
P. AL T GroEL X GroEL / GroES # & &I f R £ 23
fH3 L TR 200 nm ORIBLEFZRL L 72 FTREMEL & 2 Hi

%, LU, FePt - P. A ZKBERFIZHETDITHZD,
GroEL / GroES B & A ~DRLFNEIZE > T FePt - P. A.[A
L TOEEEYF, K200 nm LT ORISLEL THEESEDHD
LIZFTRECTHDHET 25,

AKEBRICEY, 2 FOFICF /I AXDLERETRKR TS
GroEL / GroES &KL, &8 T /K 1% 90%LL EDE 2%
THETDIENTHETHHIENHLNEARY | FE RS HF
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