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Clostridium thermocellum - Possess extracellular structure
that degrades cellulose
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Imaging In air

Additional
ultrastructure iIs
often visible
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Immobilization of
bacteria on gelatin-
coated mica

e A thin layer of warm
gelatin is added to the
mica and allowed to dry

e An aliquot of the
bacterial suspension is
allowed to incubate on
the treated mica

Doktycz et al. Ultramicroscopy (2003) 97(1-4): 209-216

el NIVERSITYof
ENNESSEE Or



Preparation of the gelatin coated mica surface

® Weigh out 0.5 gm of gelatin --- Then In a 150 ml Wheaton or Gibco glass bottle add 100 m|
of nanopure distilled water, place in microwave and bring to a boil, add the gelatin and
shake to dissolve. Note, chromium potassium sulfate 10 mg is sometimes added to cross link

gelatin but is not necessary.

® When the gelatin is about 60-70 °C, pour into a 20 m| beaker as shown below, dip freshly
cleaved mica surfaces, let dry overnight standing on edge.

® The gelatin solution can be stored in the refrigerator and used for 60-90 days. For reuse
heat in the microwave 60-70 °C.

® For best results, a drop of bacteria suspended in water is placed on the gelatin and spread
with a pipette tip. After 10 min rinse the surface in a stream of water or buffer,

Very important not all gelatin works!!

Sigma bovine Sigma porcine
gelatin gelatin
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Imaging in solution

Rhodopseudomonas palustris (diverse energy metabolizer)
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Locating membrane bound proteins

Selective transport occurs via
transport proteins located on
the cytoplasmic membrane

Requires removal of the outer
membrane and peptidoglycan

Nusleohd tegivn ™\
, Ribosomes

Plasma membrane

— The peptidoglycan gives Periplasmic space
the cell its shape and Cell wall
rigidity Onter memibrans

— Immobilization procedures
need to change

Need to verify that the cells  pageia

are alive
From: Principles of Biochemistry,
Horton, Moran, Ochs, Rawn, Scrimegour

Prentice Hall
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Spheroplasting

Spheroplasting involves removal
of the cell wall through treatment
with lysozyme and EDTA
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Spheroplasting procedure

Lysozyme solution
Step (2) after 20 min on

Sucrose solution incubator shaker add
Step (1) Add 500 pl (TB)/ lysozyme to cell suspension
0.5M sucrose(TBS1) and final concentration 50pg/ml.

place on incubator Return to shaker 20 min,

- \
shaker 20 min 37 °C ( Q/ ,Q dilute 1:1 with TB.

(= G =
Begin with Pellet 4.5 rcf ’ Re-suspend
1 ml overnight LB | (relative Plasmolyse ’
~

E. coli pelleted—— centrifugal for;:e)
suspend in 1ml Tris-

(g E
HCI pH 8.0 (TB) @ \j -

> ~
-

EDTA Step (4) After 90 % of
Step (3) EDTAwas  —— rod shaped bacteria are
added to final conc. Q/\ / spherical, centrifuge 25 min
of 10mM and sample ;i’é Pellet ——>» 0.5rcp, remove supernatant
re_turned to shaker 20-30 Dggrade v Wash | with pipette, suspend pellet
anlght e Peptidoglycan | Re-suspend T In 1 ml 0.25M sucrose/0.01M

. > -0 - l‘ Tris-Hcl/10mM MgSO,(TBS2).
to monitor spheroplast k\ repeat centrifugation step
formation -5 o. and suspend pellet in200 pl

@ & of TBS2.

Birdsell, D. C., and Cota-Robles, E. H. (1967)
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Immobilizing Spheroplasts

€ Topograph

e Pretreat mica with
aminopropyltriethoxysilane and
glutaraldehyde (APTES/glut)

— Previously shown to successfully
Immobilize chromatin on mica (Wang,
H.D., et al., Biophysical Journal, 2002. .
83(6): 3619-3625) B WP e

e Incubate the spheroplast suspension on the R — —
treated mica

— Immobilization results from interactions
between the proteins and the substrate

— Conceivably, only the surface in contact
with the substrate is affected, leaving
the exposed surface in its native state
and accessible to the tip

e Rinse and image in sucrose buffer
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Spheroplasts of E. coli Immobilized on
APTES/Glut-Treated Mica
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(a,b) MAC Mode® images generated with
a silicon nitride cantilever (0.1 nN/nm).

Immobilization is robust. C.
(c) Cross section of (b) shows lateral

diameter ~1pm and height of only : ez & er % T

~100nm.
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Glutaraldehyde-Fixed Spheroplasts
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After immobilization, spheroplasts were fixed
with 0.5% glutaraldehyde

(a,b) MAC Mode® image generated with a
silicon nitride cantilever (0.1 nN/nm)

(c) Cross section of (a) shows lateral diameter
~1um and height of ~250nm
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Indentation and Elasticity
e Spheroplasts are much

softer than the Frod pterlest ||

cantilever ) Pt of conton complnce ||
e Crosslinked ; -l Pt of sonstant compliancs |-

spheroplasts are stiffer | ] e ‘

and indent less (more i :

practical for E| _

recognition imaging) ' )
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Cantilever Spring . Spring Constant
Sample Constant (k) Slope Indentation of Bacteria (k)
Intact 0.0343 nN/nm (+/- 0.002) 0.85 (+/- 0.02) | 50nm (+/- 11.5) 0.194nN/nm
untreated |4 4519 n\N/nm (+/- 0.016) | 0.97 (+/-0.05) | 160nm (+/- 21)
Spheroplasts ' ' ' '
Fixed
0.0364 nN/nm (+/- 0.003) 0.94 (+/- 0.06) 20nm (+/- 5) 0.571nN/nm
Spheroplasts
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Summary

® Due to forces exerted by the AFM tip imaging samples
with scanning probe microscopes require immobilization
techniques

® Gelatin coated mica surfaces can be effectively used to
immobilize both gram positive and gram negative bacteria
for AFM imaging

® Immobilization of spheroplasts cannot be accomplished
with gelatin coated mica surfaces

® Spheroplast immobilization can be accomplished by a

technique using a mica surface treated with APTES and
glutaraldehyde
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Intemational Scanning Probe Microscopy Conference

Seattle, USA, June 22-24 2008

Seartle "08 is the 10th meeting in a continuing series of international
meetings featuring research on SPM, Sensors, and Manostructures that
began with Seartle '99 and was followed by Heidelberg "00 and Tokyo "01,
Las Vegas "02, Oxford "03, Beijing-TEDA "04, Cancun "05, Montpellier "06
and Jeju "07. Detailed history of this conference can be seen in this page.
Also, please visit the Bristol site, where all the history and related
information are well documented. We, the commites of Seartle 08, are
currently organizing this conference. Further announcements will be
provided soon.

10t Anniversary Meeting




