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ABSTRACT

Cryo-SEM which enables specimens to be observed in frozen form has been used to study liquid specimens in their
native states. Cryo-methods, sample preparation for cryo-SEM, are quite complex and involve several discrete but vitally
interconnected steps which are rapid cooling, fracturing, sectioning, etching and coating. It isimportant to select practical
techniques and to optimize conditions of each steps considering analytic purpose and specimen characters, viz., sample
dimension, water contents. In this study, etching methods and sample preparation before freezing had been studied for
observation of cyanobacteria, Synechocystis sp. PCC 6803 using cryo-SEM and their cryo-SEM images were compared to
Conventional SEM (CSEM) images treated by chemical fixation. We could observe the improved morphological images
of the pili of the surface and membranes of Synechocystis sp. PCC 6803 and the three-dimensional architectures of their
biofilm, which were difficult to observe using chemical fixation and CSEM. These results suggest that cryo-methods/cryo-
SEM are useful techniques for morphological study of biological specimen.
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=7 71&2 E3-A&8r] 7 (Transmission Electron Micro-
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tron Microscope, ©]&} SEM) #Ao] 2-£-5e] 4= um~mm
Z7] Alge] 32 Fx2E ez way golsh 1
Ao whoz AHgEn 53] AlsE 2% Az &
A 4 9lE cryo-SEM-2 A g2] 37HA] A (phase)& Akl
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(Echlin, 1992).

Cryo-SEM #-A1& 9]3F =74 x]7] 9 (cryo-methods)-&-
rapid cooling, fracturing, sectioning, etching, coating=} 72
EYAd = A% o2 SHos AT 24 FAo
w2} fracturinge]y} sectioning, etching®] Z}A1-2- AJ kx| 7]
= ek =3 2 e B4 BRoht AR B4, gE) 4
o5& melste] HAe) zoht A wEe s
oF 2ie}. Rapid coolinge A2 Hele] MHE fukshe o
< AAe) ANglel weA $4 wAshe Aol Fad 3
Aoz Alg =7 EAJe| w} jet cooling, plunge cooling,
high pressure cooling, spray cooling % impact cooling® <
A el sto] Al-g-3o} (Echlin, 1992; Robards AW & Sleytr UB,
1985). TR 50 SEM A8 Ry} =3 TEM thn] SEM
o] ®aflse] Yormz A& AR o3t Fx WP oJ3F
o] A 7hsdte] &2l Aee] AA| A A AA (o]
3 LNy)JE ©]-8-& quenching cooling®l & AH8-3}7]1= 3}A)
Tt 8sls FE-SSEM S o] 83 7% AW 8% o7
o] ¥t} & Aol At A8l =27)7F 1~2
ume]m] o] go]gHe- 9] deionized water (¢]3} D.I.
water)ol] #AME ofFe] AlgE 314 (eF 2100ban)elA <=
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stgiet o) W B F& B Hs FAE AR
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2 #] gle}(Shimoni & Muller, 1998).
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E dFE ayo-SEM S o] 8-3te] AEA| 8 FHt (Cyano-
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Fig. 1. Cryo-SEM images of surface faces of frozen-hydrated Synechocystis sp. PCC 6803 illustrating etching at different conditions. Sample
etched at (@) —100°C for 20min. (b) —90°C for 10min. (c, d) —90°C for 25min. (a) Unetched face with little topographic contrast other than cell
outlines. (b) Lightly etched surface showing increased topographic contrast of cell outlines. (c, d) Deeply etched sample shows clear cells and

exopolymer.

Fig. 2. Cryo-SEM images of the etched face of Synechocystis sp. PCC 6803 treated by (a) directly freezing and (b) pre-fixation with 2%

glutaraldehyde before freezing.

polymer?] #1712 $|3] D.|. waterz AA3ta Q4 Bl
% A}719] cryo-methodsz A 2)sled Fslg]o) (Fig. 2a).
*F 23 exopolymer7t o] Al AF ot A8 A7
o glow B3] A 4% 5 Waol WAHI o

Mz A7 24 9 high pressure coolingell 23 224 o
Foz AE Yo ol I P77 Sisted 5
AR A 82 APH zAsGE AP 242 2.0% glutaralde-
hydeg ol43t 348t mgoz Mzt A4 Aelre] o
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Fig. 3. Conventional SEM images of Synechocystis sp. PCC 6803 prepared by chemical fixation. White arrows indicate the thick pili projected

from the cell.
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Zate] B9kt Ad 23} Fig. 2bel] Bo|& wie} 3re] Yyne-
chocystis sp. PCC 68032] ¥ 3 ¢lo] Bm3t pili +2o #2
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Fig. 4. (ab) Cryo-SEM images of Synechocystis sp. PCC 6803 prepared by cryo-method. (c,d) TEM images of negatively stained cells. White
arrows and white arrowheads indicate the thick pili and thin pili, respectively.
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Fig. 5. Cryo-SEM images of the deeply etched fracture face Synechocystis sp. PCC 6803 prepared by cryo-methods. The white arrow indicates
the thylakoid membranes and the white arrowhead indicates the cytoplasmic inclusion.

Fig. 6. Cryo-SEM images illustrating three-dimensional architecture of biofilm. The samples were diluted with different water content. The
images show that the structures are sensitive to water-related perturbations and that diluted biofilm has characteristic network structure (d).

cryo-methods= x]]8F & 233} cryo-SEM °]u]7<]i N A5 4= 9)edc}(Fig. 6¢). Cryo-SEMZ o]8-3} biofilm <
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filme <<l F43 o= Jefjo] 728 7B (Fig.  biofilme] A=} microbolite¥qdd A7l S-84=3 3=
6b) o8 3ME 7S wA 2B Fx= HIEHE S (O'Toole & Kalter, 1998; Reid et al., 2000; Handy et al., 2008).
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