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SCANNING ELECTRON MICROSCOPY IN STUDIES OF
BIOLOGICAL SAMPLES

Abstract. This article reviews methods of biological sample preparation including plant cell
for scanning electron microscopy. The methods described below for SEM have proved satisfactory
with a variety of different specimens and should with minor modification be suitable for most
situations.
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Introduction

The Kazakh-Japan Innovation Centre at the Kazakh National Agrarian University has
installed a combination of light and electron microscopy devices to help researchers better
understand the structure, function and capabilities of the plant, animal and microorganisms cell.

The centre’s Laboratory of Electron microscopy, established as part of the The Kazakh-
Japan Innovation Centre, will complete assignments for KazNAU scientists and outside research
groups as well as attempt to further the development of microscopic imaging. Three-dimensional
mappings of cell internal structure as well as microscopic cell and tissue observation in living
organisms are both capabilities of the laboratory.
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Our goal is to provide the KazNAU research community with the highest quality
microanalytical data. The laboratory’s mission is to educate researchers and undergraduate,
postgraduate students about the tools available to them and how best to utilize these resources to
achieve their research and educational goals.

The Electron Microscopy Laboratory is a state-of-the-art facility on the KazNAU campus.
The lab is open for use by students, faculty and staff of KazNAU, as well as regional commercial
and non-profit groups with a need for the analytical services the lab can provide.

The Electron microscopes were purchased with funds provided by the state program of
development of science of the Republic of Kazakhstan for 2007-2012 and installed in 2009.

Many fields of research have applications for SEM and TEM, including life science, earth
science, materials science, medicine, pharmacy, environmental science, and engineering. Our
microscopes are equipped with several detectors capable of surface imaging, compositional
analysis, compositional imaging, and microtextural variability in a wide variety of materials at very
high spatial resolutions.

The lab’s microscopes allow researchers to observe changes in the cell of plants, animals
and microorganisms in real time, helping the study of cell structure.

To achieve the best results during examination in the Electron Microscope (EM), the perfect
EM Sample Preparation (for TEM, SEM) is a prerequisite. The required techniques depend on the
samples (biological samples, material samples) as well as on the application. EM Sample
Preparation incudes all methods of preparations from embedding, tissue processing, coating,
immunogold labeling through ultrathin sectioning with ultramicrotomes, cryo-ultramicrotomy,
cryosectioning, critical point drying, plunge freezing, freeze substitution, freeze fracturing, freeze
drying, contrasting, cryofixation, high pressure freezing, cryo transfer, freeze etching, freeze
fracture to ion beam milling, ion beam etching, and target preparation — mechanical ginding and
polishing. Only if each step of sample preparation is of the highest quality, can optimum results be
obtained from a high resolution electron microscope.

Two types of electron microscope have been used to study plant cells, the transmission
(TEM) and scanning (SEM) electron microscopes. With the TEM, the electron beam penetrates thin
slices of biological material and permits the study of internal features of cells and organelles. The
TEM has been particularly important for basic studies of the structure and function of plant. Cell
organelles such as microtubules and coated vesicles, examining polyethylene glycol-induced fusion
of protoplasts, and monitoring internal changes during the development of cultured explains (e.g.,
Fowke 1989; Fowke et al. 1985, 1991). The electron beam of the SEM scans the surface ol prepared
specimens. Thus, the SEM is important for studying the external morphology of intact cells, (tissues
and organs and is capable of resolving details intermediate in size between those, detected by the
light microscope and the TEM.

Specimen preparation for the TEM is much more complicated and time consuming than tor
the SEM. Both procedures require specimen fixation and dehydration, but TEM specimens must
also be infiltrated and embedded in epoxy resins, a process usually requiring a number of days. The
ultramicrotome must also be mastered in order to prepare thin sections for examination in the TEM.
Specimens fixed and embedded for TEM can also be sectioned and stained for light microscopy.
Such sections facilitate location and orientation of critical specimens for observation in the TEM. In
addition, the sections provide excellent material for morphological studies by tight microscopy.

Extensive and detailed methods for ultrastructural work with plants have been published in
the form of reviews and books (e.g., Weakley 1981; Robinson et al. 1987; Hall and Hawes 1991),
Methods vary with different specimens and, therefore, it is not possible to present a single standard
method for all cultured plant materials. The methods described below for SEM have proved
satisfactory with a variety of different specimens and should with minor modification be suitable for
most situations.

Objectives and Goals

To provide detailed procedures for preparing plant materials for SEM analysis.
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Equipment, Materials, and Reagents

All samples must also be of an appropriate size to fit in the specimen chamber and are
generally mounted rigidly on a specimen holder called a specimen stub. Several models of SEM can
examine any part of a 6-inch (15 cm) semiconductor wafer, and some can tilt an object of that size
to 45°.

For conventional imaging in the SEM, specimens must be electrically conductive, at least at
the surface, and electrically grounded to prevent the accumulation of electrostatic charge at the
surface. Metal objects require little special preparation for SEM except for cleaning and mounting
on a specimen stub. Nonconductive specimens tend to charge when scanned by the electron beam,
and especially in secondary electron imaging mode, this causes scanning faults and other image
artifacts. They are therefore usually coated with an ultrathin coating of electrically conducting
material, deposited on the sample either by low-vacuum sputter coating or by high-vacuum
evaporation. Conductive materials in current use for specimen coating include gold,
gold/palladium alloy, platinum, osmium, iridium,tungsten, chromium, and graphite. Additionally,
coating may increase signal/noise ratio for samples of low atomic number (Z). The improvement
arises because secondary electron emission for high-Z materials is enhanced.

An alternative to coating for some biological samples is to increase the bulk conductivity of
the material by impregnation with osmium using variants of the OTO staining method (O-osmium,
T-thiocarbohydrazide, O-osmium).

Nonconducting specimens may be imaged uncoated using environmental SEM (ESEM) or
low-voltage mode of SEM operation. Environmental SEM instruments place the specimen in a
relatively high-pressure chamber where the working distance is short and the electron optical
column is differentially pumped to keep vacuum adequately low at the electron gun. The high-
pressure region around the sample in the ESEM neutralizes charge and provides an amplification of
the secondary electron signal. Low-voltage SEM is typically conducted in an FEG-SEM because
the field emission guns (FEG) is capable of producing high primary electron brightness and small
spot size even at low accelerating potentials. Operating conditions to prevent charging of non-
conductive specimens must be adjusted such that the incoming beam current was equal to sum of
outcoming secondary and backscattered electrons currents. It usually occurs at accelerating voltages
of 0.3-4 kV.

Embedding in a resin with further polishing to a mirror-like finish can be used for both
biological and materials specimens when imaging in backscattered electrons or when doing
quantitative X-ray microanalysis.

The main preparation techniques are not required in the environmental SEM outlined below,
but some biological specimens can benefit from fixation.

Biological samples: For SEM, a specimen is normally required to be completely dry, since
the specimen chamber is at high vacuum. Hard, dry materials such as wood, bone, feathers, dried
insects, or shells can be examined with little further treatment, but living cells and tissues and
whole, soft-bodied organisms usually require chemical fixation to preserve and stabilize their
structure. Fixation is usually performed by incubation in a solution of a buffered chemical fixative,
such as glutaraldehyde, sometimes in combination with formaldehyde and other fixatives, and
optionally followed by postfixation with osmium tetroxide. The fixed tissue is then dehydrated.
Because air-drying causes collapse and shrinkage, this is commonly achieved by replacement
of water in the cells with organic solvents such as ethanol or acetone, and replacement of these
solvents in turn with a transitional fluid such as liquid carbon dioxide by critical point drying. The
carbon dioxide is finally removed while in a supercritical state, so that no gas-liquid interface is
present within the sample during drying. The dry specimen is usually mounted on a specimen stub
using an adhesive such as epoxy resin or electrically conductive double-sided adhesive tape,
and sputter-coated with gold or gold/palladium alloy before examination in the microscope.

If the SEM is equipped with a cold stage for cryo microscopy, cryofixation may be used and
low-temperature scanning electron microscopy performed on the cryogenically fixed
specimens. Cryo-fixed specimens may be cryo-fractured under vacuum in a special apparatus to
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reveal internal structure, sputter-coated, and transferred onto the SEM cryo-stage while still
frozen. Low-temperature scanning electron microscopy is also applicable to the imaging of
temperature-sensitive materials such as ice and fats.

Freeze-fracturing, freeze-etch or freeze-and-break is a preparation method particularly useful
for examining lipid membranes and their incorporated proteins in "face on™ view. The preparation
method reveals the proteins embedded in the lipid bilayer.

Materials: Back scattered electron imaging, quantitative X-ray analysis, and X-ray mapping
of specimens often requires that the surfaces be ground and polished to an ultra smooth surface.
Specimens that undergo WDS or EDS analysis are often carbon coated. In general, metals are not
coated prior to imaging in the SEM because they are conductive and provide their own pathway to
ground.

Fractography is the study of fractured surfaces that can be done on a light microscope or
commonly, on a SEM. The fractured surface is cut to a suitable size, cleaned of any organic
residues, and mounted on a specimen holder for viewing in the SEM.

Integrated circuits may be cut with a focused ion beam (FIB) or other ion beam milling
instrument for viewing in the SEM. The SEM in the first case may be incorporated into the FIB.

Metals, geological specimens, and integrated circuits all may also be chemically polished for
viewing in the SEM.

Special high-resolution coating techniques are required for high-magnification imaging of
inorganic thin films.

References:

1. O. L. Gamborg, G. C. Phillips (Eds.). Plant Cell, Tissue and Organ Culture. Fundamental
Methods.

2. L.C. Fowke. Transmission and Scanning Electron Microscopy for Plant Protoplasts, Cultured
Cells, and Tissues.

3. Seligman, Arnold M.; Wasserkrug, Hannah L.; Hanker, Jacob S. (1966). "A new staining
method for enhancing contrast of lipid-containing membranes and droplets in osmium tetroxide-
fixed tissue with osmiophilic thiocarbohydrazide (TCH)". Journal of Cell Biology 30 (2): 424—
432. d0i:10.1083/jch.30.2.424. PMC 2106998.PMID 4165523.

4. Malick, Linda E.; Wilson, Richard B.; Stetson, David (1975). "Modified Thiocarbohydrazide
Procedure for Scanning Electron Microscopy: Routine use for Normal, Pathological, or
Experimental  Tissues". Biotechnic and Histochemistry 50 (4): 265-269. doi:10.3109/
10520297509117069.

5. Hortola, Policarp (2005). "SEM Examination of Human Erythrocytes in Uncoated Bloodstains
on Stone: Use of Conventional as Environmental-like SEM in a Soft Biological Tissue (and Hard
Inorganic Material)". Journal of Microscopy 218 (2): 94-103.d0i:10.1111/j.1365-
2818.2005.01477 ..

6. Jeffree, C. E.; Read, N. D. (1991). "Ambient- and Low-temperature scanning electron
microscopy"”. In Hall, J. L.; Hawes, C. R. Electron Microscopy of Plant Cells. London:
Academic Press. pp. 313-413. ISBN 0-12-318880-6.

7. Faulkner, Christine; et al. (2008). "Peeking into Pit Fields: A Multiple Twinning Model of
Secondary  Plasmodesmata  Formation in  Tobacco". Plant  Cell 20 (6):  1504-
18.d0i:10.1105/tpc.107.056903. PMC 2483367. PMID 18667640.

8. Wergin, W. P.; Erbe, E. F. (1994). "Snow crystals: capturing snow flakes for observation with
the low-temperature scanning electron microscope™. Scanning 16(Suppl. 1V): 1\V88.

9. Barnes, P. R. F.; Mulvaney, R.; Wolff, E. W.; Robinson, K. A. (2002). "A technique for the
examination of polar ice using the scanning electron microscope”. Journal of
Microscopy 205 (2): 118-124. doi:10.1046/j.0022-2720.2001.00981.x.PMID 11879426.

91


http://en.wikipedia.org/wiki/Wavelength_dispersive_X-ray_spectroscopy
http://en.wikipedia.org/wiki/Energy-dispersive_X-ray_spectroscopy
http://en.wikipedia.org/wiki/Fractography
http://en.wikipedia.org/wiki/Focused_ion_beam
http://en.wikipedia.org/wiki/Ion_beam
http://en.wikipedia.org/wiki/Scanning_electron_microscope#cite_ref-Seligman_13-0
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2106998
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2106998
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2106998
http://en.wikipedia.org/wiki/Digital_object_identifier
http://dx.doi.org/10.1083%2Fjcb.30.2.424
http://en.wikipedia.org/wiki/PubMed_Central
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2106998
http://en.wikipedia.org/wiki/PubMed_Identifier
http://www.ncbi.nlm.nih.gov/pubmed/4165523
http://en.wikipedia.org/wiki/Digital_object_identifier
http://dx.doi.org/10.3109%2F10520297509117069
http://dx.doi.org/10.3109%2F10520297509117069
http://en.wikipedia.org/wiki/Digital_object_identifier
http://dx.doi.org/10.1111%2Fj.1365-2818.2005.01477.x
http://dx.doi.org/10.1111%2Fj.1365-2818.2005.01477.x
http://en.wikipedia.org/wiki/International_Standard_Book_Number
http://en.wikipedia.org/wiki/Special:BookSources/0-12-318880-6
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2483367
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2483367
http://en.wikipedia.org/wiki/Digital_object_identifier
http://dx.doi.org/10.1105%2Ftpc.107.056903
http://en.wikipedia.org/wiki/PubMed_Central
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2483367
http://en.wikipedia.org/wiki/PubMed_Identifier
http://www.ncbi.nlm.nih.gov/pubmed/18667640
http://en.wikipedia.org/wiki/Scanning_electron_microscope#cite_ref-WerginErbe_21-0
http://www.anri.barc.usda.gov/emusnow/Contacts/242.txt
http://www.anri.barc.usda.gov/emusnow/Contacts/242.txt
http://en.wikipedia.org/wiki/Digital_object_identifier
http://dx.doi.org/10.1046%2Fj.0022-2720.2001.00981.x
http://en.wikipedia.org/wiki/PubMed_Identifier
http://www.ncbi.nlm.nih.gov/pubmed/11879426

10. Hindmarsh, J. P.; Russell, A. B.; Chen, X. D. (2007). "Fundamentals of the spray freezing of
foods—microstructure of frozen droplets”. Journal of Food Engineering 78 (1): 136-
150. doi:10.1016/j.jfoodeng.2005.09.011.

1. A. OnneiticoB, M.JK. Hyprneiicos

CKAHEPJIEYIII 9JIEKTPOHAbI MUKPOCKOIITHI 5
BUOJIOT'MAJIBIK CbIHAMAJIAPIbIH K¥PbUIBIMBIH 3EPTTEYAE ITAUJTAJIAHY

buonorusnblK celHaMallapJblH, COHBIH IIIIHJE ©CIMIIK >XKacyIIaChlHbIH KYpPbUIBIMBI MEH
KYPBUIBICBIH 3€PTTEY/IET1 CKaHEePIICYIIi AIEKTPOH Bl MUKPOCKOIITHIH MaHbI3/IbUIBIFBI KapaJiFaH.

. A. Ansniencos, M.JK. Hypniencos

HCIIOJIb30BAHUE CKAHUPYIOIIEN RJIEKTPOHHOM MUKPOCKOITUHN
B U3YUYEHUU CTPYKTYPbI BUOJIOTUYECKHNX OBPA3LIOB

PaccmarpuBaeTcss  BaXXHOCTh IPUMEHEHHS METONOB  CKAHMPYIOLIEH  AJIEKTPOHHOM
MHUKPOCKOIMU JJIsi M3y4eHHUs OMOJIOTMYECKMX O00pa3loB, B TOM YHCIE CTPYKTYPbl M CTPOECHHUS
PaCTUTENBHOM KIIETKHU.

O0XK 556.531 (576)
K.K. 9nyapo6exos, O.3.3y0anpos
Ka3zax ynmmeulx acpapnvix ynueepcumemi
CYFAPMAUJIBI EI'ICTIKTE CY-T¥3 PEXXUMJIEPIH XKAKCAPTY

Angatna. Makanaga Celpaapusi ©3eHIHIH TOMEHT1 aFbICBIHAAFbl CyFapMallbl €riCTIKTepIiH
Cy-TY3 pexuMaepiHiH xargaiibl, [1lueni aynansl bupaiiken cyrapManbl ericTIMIHAETI TY3 MeJIIepi
MEH KYPTi3UIreH KYbIT-11al0 HOPMAChIHBIH HOTHKEIEepl KOPCETiITeH.

Kinm ces30ep: Xybln-mar0 HOpMAachl, Ty3JaHy, KalIbIPTKbI, OaKpLIay KYABIFBI, TOXKIpUOE
analbl, Cy-Ty3 Tene-TeHIIT1.

Ke13putopna obinbicbiHa KapacTsl [lueni ayganst OoiibiHIma 2013 KbUTbI JKajIbl CyFapMalbl
xep kesiemi 31118 ra Gonapl. OHBIH IIIHAE MHXKEHEPIIK jKyilere KeNTipUIreH cyFapMaibl Xep
kesnemi 25801 ra, ait aynan OOMBIHIIA KaMbI eric kenemi 22736 ra kypasst [1].

[Iueni aynaHbIHBIH aya-paiibl a3aa eTe bICTBIK, KbIChI KaTThl CYBIK Kenesi. Ericke Komaiiisl
Ke3€H Coyip ailblHaH OacTall Ka3aH aillbIHbIH OpTachlHA JIEHIH CO3bUIaAbl. EH BICTBIK ME3ril HIiiae
aifbl, €H CaJIKbIH ME3T1J1 KaHTap MEH aKMaH ailylapbl caHaJIabl.

AynaH keneMiHJe KeWOip Kbuigapbl TaHa Oojmaca >Kajimbl JKaybIH-IIAIIBIH ©T€ a3 TYCEel.
bliran KpIc xoHE KOKTEM aillapblHaa TYCEII.

2013 xpurrel [1lueni MeTEOCTAaHITUSCHIHBIH MOTIMETI OOWBIHINIA OWBUIFBI TYCKEH BUIFAJ
mommepi 164,7 mm Gomael. EH sxoraprsl Temmepatypa +27°C, an en tomenri -4,8°C, oprama
temmepatypa 13,3°C kypazmsi [2,3].

AyblTapyamibuiblK  JaKbUIAAPBIH CyFapaThlH Herisri cy kes3i Illueni aymanel OoiibIHIIA
Coipnapust e3eHi 0ombin Tabblmaabl. OHBIH Herisri cy anatbiH Oediri JKana [ueni marucrpanbai
KaHalbl apKbUIbl TeMeHaphlK JereH xkepaeH Oactay amanasl. bynm kaHam apkeuiel AKmasd,
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