HEEN

FIHEH Vol. 36, No. 4, pp. 201-206, 2015
etk BT WIS X 5 Rfrbih ]

T/ A=VKICEBDEZT T ETDEYD SEM RLEREEZE

SHNEZ ' - WARER - SRR - AR - TR B

HERERIKRE &431-3192 iR AR R IX EHIL 1 T H 20-1
MERTEKRE B 466-8555  FINEL A R A X A2 T W
TR FEN KR B 066-8655 ALiEE T 54 758-65

(2014 4E 12 A 18 H4F 5 2015 4E 3 H 2 HiBRkE)

A Thin Polymer Membrane, the NanoSuit®, for the Observation of Living and Wet Organisms
in High-Vacuum Scanning Electron Microscope

Takahiko Harryama', Yasuharu Takaku', Hiroshi Suzuki', Daisuke Isan”® and Masatsugu SHIMOMURA®

'Hamamatsu University School of Medicine, 1-20-1 Handayama, Higashi-ku, Hamamatsu, Shizuoka 431-3192
*Nagoya Institute of Technology, Gokiso-cho, Showa-ku, Nagoya, Aichi 466-8555
*Chitose Institute of Science and Technology, 758-65 Bibi, Chitose, Hokkaido 0668655

(Received December 18, 2014 ; Accepted March 2, 2015)

Scanning electron microscopy (SEM) has become an essential tool for observing the biological materials, however,
various complex procedures preclude observation of living organisms to date. Here we present a new method to observe
living organisms by a SEM. We observed the active movements of animals in vacuo (10 *~1077 Pa) by coating them
with a thin polymer membrane, NanoSuit®, made by polyoxyethylene (20) sorbitan monolaurate and found that the
surface fine structure of the living organism is very different from that of traditionally fixed samples. After observation
of the larvae of mosquitos, despite the high vacuum, we could rear them in normal culture conditions. We also found that
the NanoSuit® and self-standing biocompatible films were able to produce by plasma polymerization from various
monomer solutions. Our method will be useful for numerous applications, particularly in the electron microscopic

observation of life sciences.
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Fig. 1. (color online). (A-C) A living Drosophila larva was
exposed in high vacuo for 60 min. (E-G) Before SEM
observation, a different larva (light micrograph in F) was
introduced into the observation chamber without electron-
beam irradiation. It was collapsed thoroughly when observed
by SEM subsequently (G). TEM images of vertical sections
through the surface of each animal are shown in D and H. The
layer between the arrowheads in D shows the newly formed
outer membrane, not present in H.
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Fig.2. A living larval mosquito Aedes albopictus was
exposed in high vacuo and was collapsed completely within 8
min (A). Before SEM observation, a different larva was
protected by plasma-irradiated Tween 20 (B) and introduced
into the chamber. It moved in high vacuo. The blur around the
tail showed a rapid movement (C).

Fig.3. (color online). The adult mosquito which was
observed in a FE-SEM when it was a larval stage.
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Fig. 4. Comparisons of electron micrographs of traditional
treatment (A-C), based on treatments with 1% TW 20 solution
(D-F), extra coating with gold (D-F) and 50% TW 20 solution
(J-L). SEM images (A, B, D, E, G, H, J, K) and TEM images
(C, F, I, L). White squares indicated by arrows in A, D, G, J
are shown magnified in B E H, K. Layers between the
arrowheads indicate the newly formed NanoSuit.
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Fig.5. (color online). Preparation of the free-standing
biomimetic ECS film by plasma irradiation. Schematic
illustration of the preparation method (A). A water-soluble
layer onto a glass substrate becomes a water-insoluble film
upon plasma irradiation. Digital photographs of the plasma-
treated film (B), the free-standing film removed from glass
substrate (C) and the self-standing film on a plastic window
after natural drying (D). Arrows indicate the end of the self-
standing film.
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Table 1. The summary of the free-standing films prepared from precursors with PEO chains (1-
9) ; multiple hydrophilic groups (10-28) ; a single hydrophilic group (29-34) ; several double
bonds (35-41) ; and an imidazolium ring typical of ionic liquids (42-46). All the free-standing
films were insoluble in both water and ethanol. These results suggest that the radicals generated
by the plasma promoted polymerization of both the common polymerizable functional groups,
such as alkenes, and the hydrophilic groups, such as PEO chains, carboxyl, and hydroxyl groups,
on the irradiated surface.

Sample Monomer Polymerization site Solvent  State’

1 Tween 20™ PEO chain Water ©
2 Tween 40 © PEO chain Water ©
3 Tween 60 ” PEO chain Water ©
4 Tween 80 ¥ PEO chain Water ©
5 Brij 357" PEO chain Water ©
6 Triton X-100"" ¢ PEO chain Water ©
7 Poly(ethylene oxide) PEO chain Water ©
8 Pluronic F-127" ¢ PEO chain Water ©
9 Pluronic F-68 © PEO chain Water ©
10 Lecithin (from soy bean) ¢ Multiple OH Ethanol ©
11 Tannic acid © Multiple OH Ethanol ©
12 Tetraethoxysilane Multiple OH Ethanol ©
13 Span 20" Multiple OH Ethanol ©
14 D-Maltose ” Multiple OH Water ©
15 Trehalose C12 © Multiple OH Water ©
16 D-Glucose ® Multiple OH Water ©
17 n-Dodecyl-B-D-maltoside™ Multiple OH Water ©
18 MEGA-8" ¢ Multiple OH Water (e}
19 CHAPS™ Multiple OH Water (e
20 D-Trehalose Multiple OH Water @)
21 Sodium cholate™ Multiple OH Water (@)
22 n-Octyl-B-D-glucoside™ ¢ Multiple OH Water (e}
23 Inulin® Multiple OH Water A
24 Pullulan ™ Multiple OH Water A
25 D-Sorbitol Multiple OH Water A
26 L-Tyrosine ¥ Multiple OH Water A
27 L-Glutamic acid ¥ Multiple OH Water A
28 L-Aspartic acid Multiple OH Water A
29 Lauric acid ” Single OH Ethanol @)
30 Stearic acid n-dodecyl ester ” Single OH Ethanol (@]
31 Docosanoic acid ” Single OH Ethanol (e}
32 L-Proline ® Single OH Water A
33 L- Lysine Single OH Water A
34 L-Histidine ¥ Single OH Water A
35 Linolenic acid” OH & C=C double bond  Ethanol ©
36 Linoleic acid ® OH & C=C double bond  Ethanol ©
37 Oleic acid OH & C=C double bond  Ethanol ©
38 Erucic acid ¥ OH & C=C double bond  Ethanol ©
39 Methacroylcholine chloride * OH & C=C double bond  Ethanol ©
40 L-Glutamine * OH & C=C double bond ~ Water (e}
41 L-Arginine OH & C=N double bond ~ Water (e
42 1,3-Diallylimidazolium bromide C=C double bond Ethanol ©
43 1,3-Diallylimidazolium tetrafluoroborate C=C double bond Ethanol ©
44 1,3-Diallylimidazolium bis(trifluoromethanesulfonyl)imide © C=C double bond Ethanol ©
45 1-Buthyl-3-methylimidazolium tetrafluoroborate ¢ C=C double bond Ethanol (@]
46 1-Butyl-3-methylimidazolium bis(trifluoromethanesulfonyl)imide C=C double bond Ethanol ©
" ©: Large, thick, stable film O: Small, thin, stable film, A: Unstable film “ SEM observation of living organisms

“Wako Pure Chemical Co., ” Tokyo Kasei Kogyo Co., ? Sigma-Aldrich Japan Co., ¢ Kanto Chemical Co., ® Dojindo Co.
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