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GroEL

® Type | chaperonin = GroES co-chaperonin

® homo |4-mer
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Data Collected 2005

Native, unliganded GroEL, no ATP/ADP (?)
JEOL 3000SFF (Yoshi-style) at LHe temp

6 microscopy sessions, Film
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How much can we get at 4 A ?
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SSEHunter
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Sequence Based Secondary
Structure Prediction

TLGPKGRNVVLDKSFGAPTITKDGV
AGMN
SVPCSD ANSD GKEGVITVEDGT
GLQDELDVVEGMQFDRGYLSPYFINKPETGAVELESPFILLADKKISN
AGKPLLIIAEDVE RGIVKVAAVKAPGFEG GG
S GMELEKAT LGQAKRVVINKDTTTIIDGVGE ATS
AGGVAVIKVGAAT EGVVAGG
RGON VEKGGDGNYGYNAR
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Put it all together

® SSEHunter
® |engths of helices
® Skeleton

® Pathlengths between helix endpoints, possible
connectivity

e e S Seuence based Sec Structure Pred
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Build the Model

1 2

1 ARKDVKFGNDAGVEMLRGVNVLADAVEVTLGPKGRNVVLDKSFGAPTITKDGVSVAREIE
el LEDKFENMGAQMVKEVASKANDAAGDGTTTATVLAQATIITEGLKAVAAGMNPMDLKRGID
121 KAVTVAVEELKALSVPCSDSKATAQVGTISANSDETVGKLIAEAMDKVGKEGVITVEDGT
181 GLQDELDVVEGMQFDRGYLSPYFINKPETGAVELESPFILLADKKISNIREMLPVLEAVA
241 KAGKPLLIIAEDVEGEALATAVVNTIRGIVKVAAVKAPGFGDRRKAE!%DIATLTGGTVI
301 SEEIGMELERATLEDLGQAKRVVINKDITTIIDGVGEEAATIQGRVAQIRQOIEEATSDYD
361 REKLQERVAKLAGGVAVIKVGAATEVEMKEKKARVEDALHATRAAVEEGVVAGGGVALIR
421 VASKLADLRGONEDONVGIKVALRAMEAPLRQIVLNCGEEPSVVANTVKGGDGNYGYNAA

481 TEEYGNMIDMGILDPTEKVTRSALQYAASVAGLMITTECMVTDLPKNDAADLGAAGGMGGM
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GroEL Chain Trace
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RMSD vs. PDB Structure
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Bottom Ring C7
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Bottom Ring
(ATP Binding Site)
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Top RiIng
(ATP Binding Site)
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GroEL results

® ~4 A resolution

® Single particle based Ca trace

® Asymmetric in solution

R ayT,
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Multi-component Systems

GroEL, GroES & Substrate
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Produces a Mixed Population
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2D Refinement

Particles

Tuesday, January 29, 2008



2D Refinement

Particles

Tuesday, January 29, 2008



2D Refinement

Particles

gy oo

i

-

.

Py M*voo— -

2% b » . . g
g "4 . - 3 5 = 3 4 1S .
. 4 : : . ; * e T :
. 3 A : . : - . S » <
. - . 4 4 .
» . - 4P w— r ’ o ¥

Tuesday, January 29, 2008



2D Refinement
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Multireference Refinement

3D Model
3D Model gumm Projections | 3D Model
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X-ray structure docked into cryo-EM density map
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Fatty Acid
Synthase
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Can we subtract what we don’t want ?
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A lot of math =
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Can we subtract what we don’t want ?
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Remove One Monomer
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Many particles

3 .
> A ) - ” : '- | . v _ . ™
X o w e - ; " aid . } . 4 . » ),-,, . i : y - :
-~ - - ’ . . » A . o k & N
Y vl Y3 - . LAY ol e 3 W ie 5 Y N i ’I ., ; . o
o . -, ¢ E > ’ . . g ) ’ \e o ’ " » :
" - 5 o . > f - s - A -3 <r : X " » @ v
* r F . . 3 ' . : 5 ’ " " . )
1 R y : y \ - : v 3 ' o v S k Yr's : 84 0, > - o >
5 . ) L - 4 R E e ~ ™ -l - .
» X » - - - - - e ¥ ol .. . 5 . -
A . =i < o 4 ' N = 2 - .
By : = .
.
N -
A 2 o - -
3 . . . T . 3
. 5 - % 4 ’ { G * > S s - ‘- " 7 - v <
3 ’ .. "8 - S i e - "
o - " . d . 2 & 3 : y of . o S ; 3 n ". - N X
& - 4 , o™ et - . ' : . o ¥ . . - = Q - e 3
- - " - A re e o b . » . E - ~ -~ L .
» . - - o ¥ o - - g v » ' ‘ od > PN s Jag . : 5 XY
- LAY - oA £ iy . ‘ ) g s . “s » o g " ’ 3 ’ % : -
. I T : 3 - A o > . . R o | 4 - - ' T
g - " » 3 50 " ’ & [ g . S L
g N - a - J -~ e - .
¥
. ; . -I . . ‘ - - - H 4 -.,
¥ 2 o . . ) ) . ot a3 ¢ - o N
2 " . 4 - K - - ) . ’ . . N 9 S
L S 2 ' ’ ve o | » 4 < g " z “ iy « 05 g e LB S
: v oA , g & .t ! - v . b AR Y -
2 - £ . o ] q PN - - - ¢ 3 i _ i g ;
v L ) " e - » . 3 : 2 - N . y 3 O A o . A S
_ ey y - ; -4r » d ¢ : ‘- ,’A“, f * . 3 .
- Y . c* - Now £ 3 & . - ¥ oy ! ‘
. ) : - A - L 14 y : N i MRS A - .
. - * oS Sy 2 _ ; y > . ’ v
£ ; { . ’ 5 : .
¥ - » ’ v
K} . ') A 5 =
_ ok . i
: \ s % Ly t 1 : < "y 3 '
o £ P - 5 ! ? & i X 4 ¥ .
- v . A . - > LA s - oY oy A A > Sl 5 e ’
P 1 . ' . >« . . -~ - . L : e » 3 . .
o - . - P » - R -~ . ‘-" 3 3 " 2 " . . 254 E .~ - r L ot >
. - . > - . : - J v . . = 2 . o > &
- 3 - » . n ~ - < . 9 5 A
- : - < e s g . < - > . N
Yy « .- o ~ ) : 5 , - o A A R =P -3 3 . - S
- 2 A 3 r s . - . > - » ] - " -
o < - y ! - A v - 3 9 N 3 C y d ’ e S T 2A ' “n
'| y ’ “ » . » . - 5 - - . |\ » 3 g .
5 ; : . - ¥ » B »
~
’ > ) » ) '__ " -
- g s ot - 3 . . :
- ’ ! s - 9 R | ‘
P . » A N v } L. . . < g '. e M \__' v - - 4
~ 1 L ~ o - - 5 'y ! z nos . « ¥V > . . . ’ 3
e ) viiA® . Fs 4 1t N 3 " pt R A : : 4 . . . . - ; b 3
» 4 Qe K i P - T - . v 3 { y A £ A z . . ¢ 3 - < M8 % »' A
¥ Gé y 5 ; . ¢ 5 o0 - oy B3 i ' ) S e b\ " . : : . Sasts
" g > - y ’ A ¥ s 4 3 E vy g . - .
. - o AN . . . v b R - >
. ’ 2 - » - . -
A . a®? A, . .
ar - ~
. N ° 2 A
- >
o ’ - ) & N . .
‘;'.’ » o : J vt T2 - y A ) . ". !
38 -t - ! E 3 T . ! . .-
A " vy T d N .. . [ e 3 Faot 3 \ o - T Y
v ; - Vg F - . &t . -’ . N - : ¢’ . - / W Lo '
2 AT " . ” ~ - 4 L - . : - ™ F A, i 4 g
N o - N Ly i o~ ' fqo® - Gk . y e X P ! R T e
2 A ! o ryrd Rl o N X 1 an” : ‘ £ "
L . it b > - : ' J . 5 ot g W S :
. -~ , ' ’ k A" . F ’ . f . g ) 4
A . . AN Ye \ ' . - . . vy o v 5 : RPN
- i s - A L1 4 -
s o~ _ SLSAPS J N v, A g
.
- 3 ~ . =
- DL&. » ; . R 0 0 £e ] " d o N
. v o " 3 ' r 3 A o ) E .
g s * " 2 + B -, . e . - 5 - ) ’ . - v v LN T v
» - b | - > - - . - - . y ~ »
. - - " . - .
§ \ : ’ - : -5 b » o oy - § . " . -4 . -’ . g 9 - Na -
y N - p o 5 . . . p 3 o4 g ’ e - 3 o,
. » - . y 5 £ y I ’ S P - A r r 5 . ’ » .(’ : v » ¥ o - N 3
o o v 3 Ve A J 4o 4 2 - 4 g iy « ) . . X . 4 -4 g
: b i - € ok i L . . - 3 1. - * % 20 { - 4
r - ' ¥ N < eard . A ‘e ’ 3 : L -$ ot te
e ; - e D ) ’ i ,
L . ) . ° ’ ‘. 28 4 234 = 3 N S g P . sk 3 e _
' ’ 3 .. > . AV« 2 » . ¥ 1 - 'y \ LY o =) Y Al : :
£ . o1 - 5 a2\ S e 'y L - \ : a b . f e
o ! : TR - T ; g . Mot SR : ’ ’ : - N M
. i v . ! " - v : 5 V. ’ o - : ’ - 3 P 2.
ey <> \ . . ) 3 . " e ' 5 - . !
& . . . X e o S ! - : NI 2 ' L 2 Ptk
. b .1 13 g . - £l ) Yy : " < ’
2 . AN .l N s S ' L. -4 v . - s
v y ¥
"
> . o . . . ’ ) o
. ’ - ’ o & ) e - v b 3 v . ) =
"~ e - A J P ! - . ¢ ol . . . . L P » .
A -~ A, . . . . . ‘. o L5 o . .y S ‘
. L . - - 5 . . g ey ' .
am oY 23 . x - 'R . i Q : S ’ ' , q AV T ,
Y Mt . ‘- 2 - " . oy ~ar ) p» L3 L . -~ -
e 5 % C s 5 ~ +4 : - A ) LY : ; L Ay = < o’ b < .
T > . - > Ay . 5 4 : . 57 1 L 5 -
. . & . Lo - . . " . ' . - b
X 3PN N . 1 - . - [ o e vl oy ¥ " s ! o 4 - VY .
< . - . . - . .
bt ; - - U
LN 4. 0 - e J fo o ’ _
= - -

Tuesday, January 29, 2008



Many Particles

® 40,000 GroEL -> 560,000 monomers
® |28x128 with mask @ | A/pixel
® ~250,000 CPU-hr for a full refinement
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Many particles
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