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ABSTRACT

A thin section of the methanogenic archaebacterium, Methanoplanus limicola, shows that the

surface glycoprotein array (S5-layer) is separated from plasma membrane by a distinct inter-

space, approximately 4.0-6.0nm wide. We report our structural study of the S-layer by electron

crystallographic techniques. Image analysis and thin sections of the S-layer treated with and

without triton disclosed that retention of the single layer crystal requires the presence of

detergent to avoid hydrophobic bonding.
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ol nAgs esiRlE A=A wde kS
-layerg &8} U, M. Lmicola S-layerd] #-x}
22 o} 135kDa (deglycosylation¥ ¢ 115kDa)o] 3
mannose, galactose % glucose 5-2] neutral sugar-
¥l glen % neutral sugard] oFo] 240mg/g
polypeptideS 7}A+= glycoproteine. 2 #tal= ot
(Cheong et al., 1991). AA&Ev|AA 4,
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Wildgruber 5 (1982) & Wbl o 2 wjokgl M. limi-
colas 5CollA 4240xg= 1537t QA1 E-2) 51wl oFY
< AAzNGcE, FAEE 20mM Na,HPO, 9434
(pH 7.5,1% NaCl) 2.2 % # A3, DNase(Sigma,
1mg/100m! 3-8-<4) 5 H7pste] 37CelA 30E7F 3
A7}, Vibrogen cell mill(Buehln) ol &7)x "17§
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2.5-3.087 ¥4 A, Fel 5 AAs L, Q4L
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b 24170t} 10120xgE 2087 YAl E2)3le], A
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ol &A%l }2- 0.1% Triton X-100 €N o2 Fu
A3 20mM Tris/HCI 2+5-&<8 (pH 7.0, 1% NaCl, 0.
1% Triton, 3mM NaN,)o] 2-8-2]7c},
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3. Thin section

T2 W¥E 7] Yeild msEe Af(EEe S
~layer) ZE8-&- cryojet (Balzers Union) 2.8 g4
% 4] 7 th (Steinbrecht, 1980), =ElS- (i o} E)o]
glutaraldehyde (2%) ¢} uranyl acetate (0.5%) & %7}
stod abE X Bg-elE Al (m= S-layer) o] E&A19}
Aol A A FA|F]7] $sted —90CE §zhd 2] $-g-ol
of §4 W53 Al (2= S-layer) & 7}sle] 824171
- —60C = —50C o2 747} 8417k 241zl
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# —50Cel HM20/=18H2(3:7) SdolA 247,
HM20/#1ek-&(7 : 3) oA 2417}, 2|2 100% HM20
oAl 147} Eo} A7l g (Carlemalm ef al.,
1985; Acetarin et al., 1986) —50Col|4 UV (360nm)
T 48X T 7R A o AeellA 12-48417
et AA FZAlsle] 3434 Z e} (Carlemalm ef al.,
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Eikonix Corporatron) £ A}g-3s}e§ 1024 X 1024 pixel$
15pm pixel Z.7] (A=A} objectol] 3] 0.43nm) & A5
3} (digitalize) 4|z}, Image analysis®} processing
+ EM/(Hegerl and Altbauer, 1982) % SEMPER
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system (Saxton et al., 1979)-% o] &3} c}.
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2. oluld o 2 thin sectioni} freeze-etching
5o wez AP 5 Yok, M. limicola®] thin
section (Fig. 1a)o|A] A Z9 72 S-layers} plasma
membraneo. 2 FAE ] low], M. limicola?t F-AF
3l &0l Halbacterium volcanii (Kessel et al., 1988) )

A] S-layer$} plasma membrane?}e] 7132 < 6.5
nmeo|i, Sulfolobust < 18nm, Thermoproteust °F
25nme] zZhAoe g wWolx] glth(Baumeister ef al.,
1989). M. limicola®] 7172 4.0-6.0nmo.2A] H o
ol visl vlzd =}

Plasma membraneol| 4] *2]3 2z ZAAa S
-layer glycoproteing Triton X-100(0.1%)& *%
sk QA 7] &2 Tris/HCL 1388 (pH 7.
0,1% NaCl Z3hell zt7 Eetizl & 2% uranyl
acetate® A7 23 A0 AHA AL Fig. 200
Jehdgieh, R Aol sl 7l correlation
average® A2 23 ()9} (el vrebAe, o] F A
<% vl el Axdn]|A A2 2 AAe] power
spectrum?ke] 2ol ¢ler}, correlation averages
A3 o] & WoiFa Qi) Tritond IR 52
Tris/HCl $h&8-lo] Eetazl A4 79 (Fig. 2, d)
= ozejAl 3HA F2E RoiF L dbd, Tritong £
33 gdollo] EEhA]7] A% (Fig. 2, o) & 6H1A T
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3% (resolution) & 27+ 1.5, 1.7nmz Jebte},
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7},
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ZERA 7S W goAE class 1(Fig. 3, )& 5409
element cell& 7}x] 7. g)t}. Averager A A unit cell
o A& averagest f-A3t Hel2A 3% ke 2 o

thin section 5.2
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223 3A F2E 2e{Fe, S-layer ZH 9 IEF ¥
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A Tritong Z3e4A 2 F&odo] E=HA7l S
-layer 2 Aol P deformation ¥42] A& el
%ch. Fig. 5, a4l 2E AAE 3002 2AIS1
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Ao g o]FolA Fi(class 2) Bt} o] Fo] ¥

A unit celld FAY 5 9,
4 2

ek WA w A FQ Methanoplanus limicola®] thin
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Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

FIGURE LEGENDS

Electron micrographs of thin sections. Cells and S-layer pellet were cryo-fixed and embedded in Lowicryl
resin HM20 after freeze-substitution with organic solvents at low temperature. Thin section of a Methano-
planus limicola cell (a) shows that the S-layer is separated from the plasma membrane by an appox. 4.0-6.
0 nm wide interspace of constant width. Thin sections through the S-layer pellet treated with and without
Triton X-100 show that the S-layer crystal is present as single layer fragments in the presence of the
detergent (c), while it forms double layered crystals without the detergent (b). Where the layer was sectioned
nearly tangentially the hexagonal lattice can be seen quite clearly (e.g. see the area marked by an asterisk).
Electron micrographs (a, b) and correlation averages (c, d: no symmetry imposed) of negatively stained S
-layer with (a, ¢) and without (b, d) Triton X-100, the insert shows the computed power spectrum of the
crystal fragment.

Result of multivariate statistical analysis for the preparation without Triton. (a-d) ; Class averages based on
the classification from multivariate statistical analysis for a crystal fragment shown in Fig. 2(b). a: class 1,
b: class 2, ¢c: class 3, d: class 4. (¢} ; Distribution of the peaks of four classes in the CCF. []: class 1(540
element cells), & : class 2(490 element cells), X : class 3(164 element cells), + : class 4(140 element cells).
Results of multivariate statistical analysis for the preparation with Triton. (a-d); Class averages based on
the classification from multivariate statistical analysis for a crystal fragment shown in Fig. 2(a). a: class 1,
b: class 2, c: class 3, d: class 4. (e) ; Distribution of the peaks of the four classes in CCF. []: class 1(599
element cells), & : clziss 2(295 element cells), X : class 3(67 element cells), + : class 4(58 element cells).
Crystal distortion of S-layer fragment shown in Fig. 2(b). (a) shows the deformation map derived from the
displacement map obtained in the course of the correlation analysis. The size and shapes of the rectangular
boxes represent local deformation states such as unit cell rotation, deformations etc. (b) ; Distribution of the
rotation angles of unit cells as calculated b'y deformation analysis. The range runs from ca. —1.3° to +1.7°

and a standard deviation of 0.27.
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