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ABSTRACT

Cylinder-like crystals of Ca?t-ATPase provide views parallel to the lamellar plane,
from which parameters of lamellar stacking can be directly measured. These parameters
were measured using different preparation methods. Assuming that molecular packing is
the same, data from lamellar plane could supplement those obtained by tilting large, thin
plate-like crystals. However, base on data obtained by electron microscopy and x-ray
powder patterns, the plate-like crystal may have ‘another scheme for stacking the
lamellar. The projection map (h,0,1) from cylinder-like crystals using cryoelectron
microscopy suggest the lamellar spacing can be variable.
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(SR)Z RE gei7) o2 AL A8 4 9ol

A 2 A FBHENY ZAL native SR membraneoﬂl\']

lanthanides (Dux ef a/., 1985)4} vanadata (Dux &

Ca’*-ATPase¥x Na*/K+-ATPase$} H*/K+t-  Martonosi, 1983)& &l Ldos FAF] 2
ATPase®t &7 P-type o] HEo) Fgslo) t}. o] AAL negativeZ FAUF AL of 25~30A
(Green, 1992; Stokes & Nakamoto, 1994), Ca?t Balso] FZe A= cytoplasmic head?] S B
-ATPased| Ws|A ¥4 =, ligand binding®  13l¢c}(Castellani et al., 1985; Taylor et al.,
amino acid sequence 5 FHEA AT} HolA 1986). Frozen hydrated ¥ A2 912 14A 23
e} (Bigelow & Inesi, 1992; Andersen & Vilsen, Y FZAME FAHY transmembraned} luminal -
1994). Ca?*-ATPase sarcoplasmic reticulum  3& ¥ 3 (Toyoshima et al., 1993) s}-sich,
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o2 Yl ZA (Dux et al., 1987; Pikula et
al., 1988)& 5 E9] Ca?t detergentZrol A C29)
space group (Taylor ef al., 1988; Stokes & Green,
1990b) & 7HAe 320 Aoz XA, o AR
< lamellaE9 stacking® 2 FAAFH A glow, Z+
lamella lipid9} detergent (~1 : 12] An|)9)
bilayerel] Ca?t-ATPase Ex}5¢] %4Z& gor &3
Hol It} (Stokes & Green, 1990b). Detergent-
to-lipid ®]&el| we} o] ZAL2 fE P F HeolF

=< detergent—to-lipid ¥ €M = @ |a-
mellal ¥§ste A1 ARG zoke AA (AAy
e, ac F #A) & YA vk, w2 wgoA
€ A2 lamellaZ (3~10)& 712 ¥-& (1~5um) 3
HEGe 24 (dye, ab P #HH S FA A
of 24 (F¥e) A2 1252 image (64,
Stokes & Green, 1990a) 2} 4Aﬂ electron diffrac-
tion (Shi ef af., 1995) 0] .15 v} 9o},

e 242 Ca**-ATPase® I¥3%59 3
A F2E Ayl 8 27)E g gk
32 AA 9 3aY F2E 239 AR FALe uby
(Amos et al., 1982)2.2 AFAEE 4 gk 28},
Hogel 249 tiltingA8Z5 33X data seto] A 3
A4 F32E AT A, Fourier spaceo A 23}
A AAAM dojAE= 2414 lattice-line B.r} 334
lattice®] reflectionSo] Zx]s}7A) "Be}d, Fol= tilezt
x9 ZoAq] EA reflectionE? (h,k,1) indexS<
@71 A, unit cell®] AFd 7188 ZF, unit
cell®] =719} unit cellzbe] Z=E otojol e} A
Aol e ZA 9] imageol M AFHOR a, cs} PE
T8 4 gloh wheF e Pejeh Ay Fe A9
packingZ@e] Fdaitd, Axdn|Ae EH A
o2 60° ol W< tiltingd A2 4 glemez
H3ye] AANA lamellar® (c)W}Foz 9L 4 ¢
T data® A= YJelo] AA o 3 £ gl o]
9} 22 datax AFHLZ tiltinge. 2 AFAE= F
z2] FAA &9 missing corn ¥4 A (Unger
& Schertler, 1995) lamellar H# 22 vE3%9 3

AY F2E 48 5 UE Aol

Mz Y ey
1. Ca?*-ATPase2| Hx|e ZA3|

Eletr&} Inesi (1972)2] HbH e U}‘E} sarcoplasmic
reticulum& E7]9] oe|E8o| A FaEg %, Cait-
ATPased affinity chromatography® A A3},
Ca?*-Athalie®} ZA %= Stokes?}t Green (1990h)
9] whdell whe} microanalysis celle|A] 33}t
etsl 2ofslw offel 2. 2 mg/ml Cat-
ATPase, 1 mg/ml C12E8, 1 mM MgCl,, 1 mM
CaClz, 10 mM MOPS pH 73 4mM ADP7} *3%}
F 4] 1~3 mg/ml egg yolk phosphatidylch-
olineg& A7}stgde}, o L8L 20% glycerol, 100
mM KCI, 10 mM CaCl;, 3 mM MgCl,, 20 mM
MES pH 6.0, 1 mM NaN;, 5mM DTT7} =35
crystallization bufferel] s 4°Col|A dialysisZ 3}
o, o 14 FF 2A9 ANL BAY 4 3
ot lipid®] ool wheb FwHEF (plate) = A E
(cylinder) AL 44

2. MAtgoig

Frozen hydrated specimens (cryoelectron micro-
scopy)= AZEE Ca?t-ATPase ZAo] 33 &
A& holey carbon film& $13 grid (Toyoshima,
1989)o FAAIZl F, grid9] HE wWox «oFHA2
FEHE FA2HA AAGT ¥, F gridE ethane
slushell Al WEAIAS, WEL grids AR gl
wojdo] ¢lo] cryoholder (Gatan)& &3 & —175
°CellA Philips A0z 400T& FAstoh.
imageE& & §F defocus 3k (800 nm<} 1.6 um)2
2 HA39] electron doses ZF(5~10 electrons/j\,
7} image) 2.2 Kodak S01638 &0 7] &3}9ic}.

contrast® F0]7] $JslM AR=ZE Ca2t-ATPase
ZAA o] Z3E LN L glucose (2%) &} A&F (1: 1),
holey carbon film< ¢3! grided] &% A o
HAE AFAE ZALYHA AAT F
acetate 4 (1%) 22 F W A& F F /A9 o
2 oz ARE FH|dech A WA, ethane
slushollM F<4 Y5170 %, frozen hydrated speci-

uranyl
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menss} Zro] —175°CellA Hatdw]7 & FA3}oct
(gluc, stain, freezing), T WHRZ, Z7] FolA 7
ZA F, AgelA AA-nAE HFst o (gluc,
stain, air dried). &, AYIEE Ca’*-ATPase &
& 1% uranyl acetate 49 (0.01% glucose E3)
o2 HYAF) F AgelA AL #As
(Uac. c. gluc, air dried).

3. image analysis

Opitcal diffractions THE AR A AAS Al
#sted 20um 747 (A AR o8] 4.38)22 A
43} (digitize) 3t =}. MRC Program (Henderson
et al., 1986)2 o]&3}o] image analysisE 3}HT}.
Fourier dataS2] common phase originS ORIG-
TILT Z2a#& o|43te] A on o IQF
o] 2 B} ue (S/N=8.2) reflectionS o] &3}l
Figure of merit(FOM)-2 7} vector52| Fhefjr o
9131, o]7Z 2 & phase error (cos ! (FOM))9] 7t&
d¢lr}l, Symmetry-related phase residuals2 ZIF;l
|$i~doym | /ZIFi| & AAEAS. 7]A, Fid ampli-
tude, ¢+ phase origing AT ¥ 472 image
2] reflections-2] phase, $sym= Symmetry—constr-

ained phaseg “teligle}.

4. x-ray diffraction

ARN=E A4 YAy 2HAF A A2
2 g oL 37X o W oEg A8E FH|3
o low angle x-ray diffraction® 3}gich. & WA
WL capillaryel A A<D AAY F AIHHH
w= Puygy 2A L 98 o 23T A 4 A
1mm glas capillaryel %A AdAHoz HAEFo| &
A=A kel o 2~4FF capillary &M ZA] 9
AAEe] AR2H, A& L4985 AA F, o
capillary & wax®Z 5-8}e] x-ray diffractionel] o4
stodeh. T wiA Wl capillary 94EEE ol 43
oz A8Z 1mm glass capillarye] %70 ¥
800xgZ 40%7F A ETF AAEE Ik A
A -2 AJRE 11,000xg2 72174 F<t A4l e
FF AAES dAch o] 37k B 4°Co
A #33eiet. Diffraction Rigaku RU-2000

(Rigaku/USA)E CuK, x-rays 12~60A 7<)
CEA reflex filmel z}43ste] @i} Helium—filled
beam tunnel®2 background scatter& 7}4A]7]&=
o AHgsllT AR film7e] AgE ¢ 480 mm

. Z resolution®] W= 210~50A 0]t}

Zo o 1%
1. Hxieol

lamellar® ™ol )3 unit cell parameterE 7]
HajA AAE=Fe 9] Calt-ATPase 2HE 4719
g W E AEFNE BF AR oE FF
% ALE 29 16 deplgel AREgdel ca -
ATPaseZ &L unit cell®] cE°| specimen support
o FYHA TqA Qe 2HEZ lamellar?] stac
kingS AAAHoE B 4 9. &, unit cell?] a, ¢
2} o] unit cellF 7ke] Zk= (B)E image= FH A
T3 = k. £ oA i AAAL] 1% & o
AR L] g EEALS] A2 Ade] Alele|
A F2Z 3% (Dubochet et al., 1987)%}7] $1shA,
Ca* -ATPase A+ & WA 2 W #=x)
A7l F 24 (-175°C)ollA AAAmHF ez Hads}
= 29] cryoelectron microscopy$} low-dose 7%
A B2 AR dubH<l A FAAE 17
(I-a)ell A Jepligdel, a4 A1zl A lamellar
stacking® &, as} ¢cZ FHo] FASY 5 glx, AR
Hu| A AR 4] He]FE= image®] optical diffrac-
tiono| A dulHg o= 20A resolution spotE #AI
% 9lalvl. Frozen hydrated® 2|29 contrastZ
o|7] &AM, ABE glucosed} uranyl acetate®
FAg F 2AH2(-175°C) A AA-duA g AR
<+ 23 (1-b)ell vehideh. 23 (1-¢)2 glucose st
uranyl acetate® 2 Ca?t-ATPase 24 & A&
oA AAF 0738 Abzlo|}, uranyl acetate® Ca?*
-ATPase ZAA& Mg F AA I3 A
ol ARlE 13 (1-d) el A e et

471218 & ez ARH I ARzl A
Ca?*-ATPase ARNE=Fe] ZA°l unit cell para-
meter 5L 737 YslA fourier transform 3}

Aek E 1eA 47pA19] GE W eR & parame-
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ter9 ZHS vetgloh. ¢ Fho] frozen hydrated
A A8 air dried® A 2 o] (F 20A)F
HogEd, 5§ Ao Axde|gE #@F 4+
2 EZUXNE R Fo. Baker 5 (1985)-& gap
junctione]] & ofe] FH9] negative stain®Z #H
A, ALA AREIA DA
constant®] Zpe] (84,0~77. 4A)ﬂ resolution®| x}o]
E B3} v} 9. =38 gap junction?] Z (pore)-
ol & stainoZ A3 FAMER] 9o} cfo]g
A stain2 2 YA F] FAE A= ANZHE cha-
nnelo] ¢fe]e o2 3l % (positively charged) 2%
22 FAHAA AxS At vt 9ok =, Wood-
cock®}l Baumeister (1990)% archaebacteriagl Clo-
stridium acetium®) S-layer SR ARL o} F

#2] negative stain 2, 9Fo]& (uranyl actate)

lattice

methylamine
tungstate, ammonium molybdate) 2.2 FZ9| ¥ 3}
% 2ASA. FHAANY AZe 121~116A02
o 4% zo|E Hugt Wb gich. |9} e Fxo
HEE A staind Delale] fAe glow Azt
&+ ol &, stain¥Ao] ARE gAsA FAA
712 Eale= A$ 49 stain effect (Kiselev ef al.,
1990)2 AZAE 4 ot Gaelser & (1992)-& Az}
oA S 3 ARENSAAFT fd9 39 F,
4945 37171 sk AA Rl AR (A @16‘
S7F oA 2 AS S99 FHAY Fo gsiA
AR ] F27} WE £ 9SS A vt 9l
o} Ca?t-ATPase ARE=3ee] HAAEL staine
A F AoAM BT A4 E BEUAE B
T X stain effect$} 949 3 = FuAE o
02 Add 4 glc}, = 29| o (Gap junction, S-
layer)dv} Z W3E HeFe e A gz
23 A9E 4 e Gap junction® S-layer&<
A g 22149 AA ey, AV=Fe)e) Ca’t-
ATPase2 3aA1 43X 22 lamella®™ (ac F™)o| grid
of #ALZ oA e 9o He W (FNF
HWHEA EBEalel $9 Ax2 Qg 55 oY%
2 Zx)d% lamella®d7re] Agl (&, ¢ spacing)7}
47 Aszkd e A4 5 A =3, & 2FEx=

38 c-spacingZt) Al w|$ THAYE 24

£0] 2 (sodium phosphotungstate,

Table 1. lattice space (c¢) and angle (B*) between a*
and c¢* of the cylinder-like crystals using
different preparation methods.

preparation c(A) a/2(A) b*(deg.) a/c
ﬁ%re;ted 184,7+1.5 84.4%0.4 85.32+0.7 0.457
%‘;g*zifltgﬁi)n* 179.0%2.0 82.1+1.3 88,38+1.0 0.459
g%;‘cérsi;fiiz‘}* 164.6+7.9 79.9+2.8 88.17+1.1 0,48
g*‘rc-d%e%%f’ 176.3+6.8 80,8+2.6 87.78%1.0 0,458

U see text, 2 see text, ¥ see text

4 3} (averaged projection map¥-2 =),

E 19]A] frozen hydrated® A[&9} air dried®
ABolM c2] 7HA] o 20A AE Ao|E Hejie
AAe A #2AE A% LA R dubdel Fupyt

< stain®2 A F, ALor Az} (Bre-
mer et al., 1992). o] o2 FuldE AR A
w7 #2AL T2 contrast® electron beamol o
4 QPYstEE Qe oz wel ol4u, iz

1 5 42T T9Y EEA Az 2oie

TEE Y 9t 2HE 72 YUE Bubo-
chet 5(1987)% HEEH 2§ EE2F 71335
A F28 2P F AQY MY 2o 3
A 02 cryoelectron microscopy (Stewart &
Vigers, 1986)9] 84S 723 v 9ok E 194

+ Hls} Zo] frozen hydrated® A|EBdA] I
unit cell parameterS 2t} air dried® A2 &
= el A HAFd of AL k2 wAdA
d EEAe Axz Qs BExpzlel
g itk E o2 H9E ZAY ey F, A

8o 3adAMReFow AzE 4 ). frozen
hydrated A|&% holy grid ({8 & v F2)=2
o]-§3}ed, holeell X3 AAS Efof A2 Ex)
S ubd, shAaTglo] HAg AAAM L) s
A AAY (AR F 9 #F2) A= Agd g
lamellarge] #49% A& #2Ed 4 &S Che-
ong & (1996)¢] B3} u} glv}. air dried® AlRE
hole grid®] holesol] Y1X3F AL HA3 4 91,
shahglo] A AAS #AY 5 glonz L9
A5y AA de AAEASN Fa9 ARA H7)=

/\ioixé

ol M o¢
i, oo
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Ao 93 Wske 49 4 ok
2. x=-ray diffraction

A A o2 BFF unit cell?) spacingS &l
3}7] $)8iM x-ray powder patterng A3}l
1% 2% A= Catt-ATPaseZAHE z4H
22 d& AAY AAE AE 2 3 F2) A
x-ray pattern®} intensity® radial integeration<
A R E & 29 e 23 29 el ring)
spacing® L ringe] lamellarZ (0,0,1) ¥=% lamel-
lar® (h,k,0)o] A reflectiond FEAI3Fs]v}.
low-order?] reflection& 7}3t intensity?] ring<
BeiFod (ol (20,0090 Wi 834, (1,1,0)¢ o3
53A. (4,0,0)5} (3,1,0)¢] W3] 40A), = in-plan
cell dimension (ab®)e]| djzj = AR =3efo}
FelolM 22 FE AAZ P9 53], lamellar
spacing (¢ spacing)zte] AHZFe] AAo] of 3
cryoelectron microscopy & Q-2 %}\'(C:185A)3}' o
A& Hejfoh. 2¥ 29 A HA ring (X 29 87.7
A2 o A4R 8349 ringiet FFOE o] FHo] Y
L w2 HoFoh o)A HAHuAN 4L la
mellar spacing 185A% 2742 % ring =, (0,
0,2)o] S8 92.5A7 (2,0,0)0] 3t 83A spacing
ringe] FHAM vehd Zez YA = o QL
(0,0,5)%} (0,0,6)2] reflection ring?] #FZ A9
Ho} A 4 9loh. o 70A% 47A9 F ringe o
reflections Bu} W3 o3 vehin} =3 Foju
AR M= equatorial 5& whebs ofF ofalA et
e}, a8lE2 o) ringE-S lamellar stacking?] 4
oz vepd oz A4E & 9z, =g in-
plane?] reflectiond] H|HHe]A F glorz o F
ringe 243} 7 FAH lipid/detergentZ o] o]
A EAA B RH el AAE e

T 394 37409 e ez Eve Aol o
3} x-ray diffraction®] & L.9Fstd vielligdo},
94 2ty 22 JAES] lamellar spacingztol
Aoz PAH FHENM Hop A2 gE B
o} &, 2% 3§ z=7|e] we} lamellar spacingZte)
A7t A AE & 5 ek A2 HAdE AA|
ME lamellar7te] Agte] 5AUdS & 5 ok A

Integrated Intensity

N

-0.02 0.0 0.02

Scattering Angle (A")

Fig. 2. X-ray diffraction from pellet of cylinder-like
crystal. The crystals were not centrifugied,
but allowed to settle naturally in capillaries
and no orientation is therefore observed. The
lower panel is the radial integration of the
corresponding x-ray diffraction patterns. Spa-
cings of individual rings were measured after
radial integration and background subtrac-
tion. The vertical bars in the lower panels
indicate the rings detected for these particu-
lar patterns; bars are at 87.7, 53.7, 47, 39.9,
37 and 30.7A. Assigments for these rings are
given in Table 2.
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Table 2. spacing and assigments for low-angle x-ray

diffraction.
spacing assignments?

a) (0,0,1) (h,k,0)
87,72 (0,0,2) (2,0,0)
67.1* - -
53.7 - (1,0,0)
47.0* (0,0,4) -
39.9 - (4,0,0);

(3,1,0)

37.0 (0,0,5)

30.7 (0,0,6) -
26.7 0,0,7) (2,2,0)
23.5 (0,0,8) (4,2,0)

3. Averaged projection map

AR =38 AAL cryoelectron microscopy¥ 2
2 92 9 imagesg 39| data setZ P (A&
2wy Fxz)ysleich. o] Y data set (merged
data set)® Y-E] o2& phases9 73 R-factor3}t
£ resolution®) FgHE F 4ciM vehfdch p2
symmetry-related phase residual (}& ¥ 8§ 2
Z)2 12.3°Z p2 symmetryE 71Ae FZE A4

D Assignments for crystals grow in 20% glycerol are
consistent with a lamellar spacing of 185.3A and in in-
plane spacing of a=166.4A and b=55.7A.

2 This strong reflection was broader than other assigned
reflections and is therefore consistent with an unresolv-
ed doublet of (0,0,2) at 92.5A and (2,0,0) at 83A,

* The intensities of these reflections were variable,
generally weaker and broader than other reflections,
we therefore belive that they come from a noncry-
stalline component in the solution.

Table 3. c-spacing for low angle x-ray diffraction
from different preparation methods.

C-spacing(A)

preparation cylinder plate

11,7001'(1);5(8, - 14243
i R

capillary, 185.3+1.6 155,70.6

no centrifugation

A=3e) AA 2 lamellar spacing> 185A 0.2 cryo-
electron microscopy® €& ¥ 4dHFPL BHAF
o = AR=yeel Yugee] A7 Q& ¢
spacing®] Ft-& 2 Abo] (% 30A)F BejZr}, oA
Stokes$} Green (1990b)e] A|A]& Ca’+-ATPase 3
2t A modell A AM=FH e 22 593
unit cell (a, b& )& 7IRHE, 90° 2 AR AAo|
e Mol dAsA dEE He{EH. low angle
x-ray diffraction®} cryoelcrton microscopy® 7
HE5e Ad=sldel Fdgde] 339 AAL in-
plane 2, a8} b¥x= #& 7He 7FAu}, lamellar spac
ingE B2 g /A AL & 5 sldh

Fig. 3. Projection map from frozen-hydrated cylin-
der-like crystals of Ca?*-ATPase. The area
corresponding to a single cytoplasmic head
has been shaded in the lower right corner.
The star shows possible intermolecular con-
tacts that stabilize the lamellar stacking,
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Table 4. Phase statistics in different resolution range
for merged data set of nine images.

resoloution phase phase figure-
(a) residuals?  error®  of-mert R-factorc
range  (degree) (degree) (f.o.m)
100.0~20.0 39,1 8.1 0.982 0,412 -
20.2~14,1 66.2 16.7 0,942 0.285
14.1~11.5 73.5 25.5 0,886 0.190
overall 43.3 11.0 0,970 0.408

aphase residuals was evaluated a measure of the depar-
ture from centrosymmetry in the pl average transform
and phase show below the rondam phase (random=90°).
bphase error was the averaged error in the final estimate
of the phase expressed as cos™' (f.0.m,).

R factor:iE(li-lavg)/ (Tavg)

& % sk

a4 data set® HE 9 W3 projection mapE
o 3o Elgl A, o] projection map ¢F 14
A9 resolutiong 7H2lch (& 3414 tehdl phase
residuals®} R-factor 9] Z}o.2 FA). o 194
M aZg et 19EE g3 godstd £x" o
(band)E bilayer® FA sttt 23d|AM cytoplas-
mic head?] A& FH (£x 7M7te] AF)E BT
o, 4 BAFHA BADES 44 7E & F 3ok
bilayer®] ¥74% 45A°2 spgeeid, AY=Hy)
A4 bilayerztel Ae o 140A22 oL
cytoplasmic head®] =7)7} 70A (lipid bilayer £m
o] 3E) 22 A3tgt Toyoshima ¥ (1993)¢]
A JdAFE Hejdot =¥ moleculars] 5ol
A Bxg BEL “nose” (X “beak”)el], bilayer
9} heads 94 AAFT 7ted +xE 99L
“stalk” oll S|FE o} (Taylor ef al., 1986, Toyoshima
et al., 1993). o] 2¥HE TR “nose’ ¥ aZd| I
g A Fa YFE & 5 A

2% 39|A F lipid bilayer A}e]2] cytoplasmic
head$} head Alelo] ¥ AALEs} REH Y&
£ RedFEY}, frozen hydratedd A 2%} air driedd
A Zo A lamellar spacinge] ¢} 20A HE
o] (B DE RFx, Huye] HA oHdt x-ray
diffractionl M= A|220] whae] we} 1449 2}o]
(% 3)F HoFH. o] Xo]EL cytoplasmic head
9} head Ateld] EExH w2 HxAL=2 Mg ¢
sith. A8} Azge wE £33 g 3 (Y4

22]) 93 headztd] A (27 3oM H FAD2Z ¢
spacing ZtAe} FolxA & AL 4 stk F,
cytoplasmic head Atol= €A % & ¢ 9lsg

Y 4 9l

Ca*t?-ATPase? F3e = A=)} 73
AR A AN AR x-rayAE2 7479
AA oA lamellar spacingZte] 717 zlel= 5o wd
(Stokes & Green, 1990b)e] opd& RoFr}h, A=A
o] A|&gv] de] w2 lamellar spacing®} A}
o] Z AR w43} (dehydration) Fol 7] AL
E A9E 2 ole F, 4EAEY AdA Ao 2
R Fx25 nAsr] SAs8AE cryoelectron mi-
croscope® Hio] Haslct HAHD|AI} x-ray
AzEuay e wE ¢ spacing AolE ac HH9
projection mapo|4 R.edF %= cytoplasmic head7+e]
@ A x Bxz nasglew, o projection
map-2- Ca?*-ATPased] 32k 25 o s)st=H vl
+ 8% 9gS F Held

INERE

2 A7) & EE38 Dr. Stokes$} Dr. Young
(Skirball Institute of Biomolecular Medicine,
New York)elA @& #AE =3t
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FIGURE LEGENDS

Fig. 1. Electron micrographs of cylinder-like crystals of Ca?*-ATPase from different preparation methods.
Stacking of lamellae is directly visible in these crystals and accessionally the (h,0,1) projection is
obtained, from which the angle can be measured. a) The crystals preserved in the frozen hydrated
state. b) Before freezing, the crystals were contrasted with the mixture of glucose and uranly
acetate (1: 1) and exposed at —175°C. c¢) The crystals were negatively stained with the mixture of
glucose and uranyl acetate (1:1) and exposed at 20°C. d) The crystals were conventional negatively

stained with 1% uranyl acetate containg 0.01% glucose.
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