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Tim Sandle of BPL contributes an excellent overview of the
resources available on the internet to microbiologists, and is
himself responsible for expanding those choices with the
launch of his new blog through the Pharmig group at http://
www.pharmig.blogspot.com/.
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resources on the web.
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The second article this month is a different sort of approach to
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Microbiology and the World Wide Web
Tim Sandle
tim.sandle@bpl.co.uk
Web-blog: www.pharmig.blogspot.com
Pharmaceutical microbiologists have gradually
been exposed to the potential of the internet since
the mid-1990s. Today the internet has expanded to
the extent that it forms a key part of our everyday
lives and some talk of ‘Web 2.0’ (with reference to
the re-launch following the Dot Com crash and
more interactive, user focused sites which come
under the umbrella term of ‘social networking’).
The purpose of this shorter article is not to survey
the World Wide Web for sites of relevance to pharmaceutical microbiology and pharmaceuticals in
general. For one reason such a task would now
take several months in order to be truly comprehensive. The intention here is to:
Highlight some selected sites which may be of
interest;
Discuss how the internet can be used to further
professional connections between microbiologists (including a new blog
launched in December 2009).
Where to start?
One problem of entering the internet these days is,
despite the vast range of web sites, there are the
very few indexes and directories. One of the most
comprehensive is the open source directories. Open
source refers to compendia, encyclopaedias and
directories which can either be freely edited or edited by a ‘trusted’ band of volunteers. Probably the
most popular example of this is Wikipedia. The
disadvantage of such sites is that the information
may be unreliable and may be overly biased with
the views of the author (or those with editing privileges).
For the field of microbiology, one of the best staring points is:
http://dmoz.org/Science/Biology/Microbiology/

This is an open source initiative driven volunteer editors
which surveys a vast range of different sites which are
grouped into different subject matter from education,
through taxonomy, to funding sources.
General Microbiology
Another site which focuses on general microbiology is
‘Microbes.info’. This is an internet web site to reduce
the clutter of the thousands of microbiology related web
pages and filter through the information in an organized
manner. It can be found at:
http://www.microbes.info/
(Continued on page 3)
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Medical Microbiology

Pharmaceutical Microbiology
There are only three locations which are truly essential for pharmaceutical microbiology. The first is the
Pharmaceutical Microbiology Forum (PMF). The
key resource of this site is the email discussion list.
Although the quality of some of the postings is varihttp://pathmicro.med.sc.edu/book/bact-sta.htm

able, many are essential, and the democratic principles of the list are important enough to outweigh the
http://www.microbiol.org/lists/pmflist_subscribe.htm

odd email. There is also a complete archive of all
postings dating back to 1998. The PMF list can be
subscribed to via:
The second area is related to the PMF list. This is
the Microbiology Network. This site is a communication resource for microbiology and biotechnology
http://microbiol.org/

professionals associated with the pharmaceutical,
medical device and personal products industries.
The third site is the Pharmaceutical Microbiology
Interest Group (Pharmig), which is a UK and Ireland
www.pharmig.org.uk

based society. Pharmig is an essential site to visit
for meeting dates, back issues of the newsletter and
some papers exclusive to the members section.

Commercial
A less academic, more commercially orientated site
is Rapid Microbiology. This site lists companies
that are operating in the area of pharmaceutical and
medical microbiology as well as listing meetings
and conferences. This site is at:
http://www.rapidmicrobiology.com/

Medical microbiology websites are useful especially
in gathering information about the origins of a micro
-organism. Unlike specific pharmaceutical microbiology sites there are a plethora of domains dedicated
to medical microbiology. One of the most useful is
the Fleming Forum which is a medical microbiology
site with a range of abstracts from papers and review
updates. This can be accessed at:
http://flemingforum.org.uk/

Text books
Several general microbiology text books offer sample chapters and chapter reviews. There are a few
complete books on line. One of the most useful is
(Continued on page 4)
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run by the University of South Carolina. This can
be found at:
http://pathmicro.med.sc.edu/book/bact-sta.htm

In order to keep up with the latest book publica-

tions, a useful staring place is:
http://www.biologybooks.net/Bacteriology.html

Microbial taxonomy
Although microbiologists attempt to remain up-todate with taxonomic changes that are of relevance
to pharmaceutical microbiology quality control
(refer to the member only section of the website), a
far more comprehensive, albeit unfiltered, list of
changes is operated from France. This list of prokaryotic names with standing in nomenclature is
located at:
http://www.bacterio.cict.fr/

Regulatory
This article does not set out to detail the general
regulatory sites on the internet. However, the
FDA’s own ‘bad bug book’, although covering the
food and medical fields, is worthy of examination
for background information about different microorganisms as well as keeping abreast of what the so
-called FDA objectionable micro-organisms are.
Go to:
http://vm.cfsan.fda.gov/~mow/intro.html

Podcast
Podcasting (audio streams, named after the Apple i
-pod but playable on any MP3-player) is currently
vogue. Unfortunately there is currently no specific
pharmaceutical microbiology broadcast (which is
probably a gap in the market). One very interesting
‘stream’ is the 90 second ‘Microbe World’. This

can be subscribed to via I-Tunes or directly at:
http://www.microbeworld.org

General Science
The scientific world undergoes a rapid pace of
change. One way to become quickly appraised of
the major developments is by subscribing to the
(Continued on page 5)

A podcast is a digital media file, or a series of such files, that is
distributed over the Internet using syndication feeds, for playback on portable media players and personal computers. A podcast is a specific type of webcast which, like 'radio', can mean
either the content itself or the method by which it is syndicated;
the latter is also termed podcasting. The most widespread format for these files is MPEG-1 Audio Layer 3, more commonly
referred to as MP3 .
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weekly email digest from Science Week. To receive
the full text of Science Week each week by Email
the word "CONTENTS" should be placed in to the
subject box and posted to:
contents@scienceweek.com

The blog has recently discussed updates to standards
and regulation, discussed recent taxonomic changes
and has looked at how the internet can aid pharmaceutical microbiology. Please take some time to have
look at it, comment on the articles and register as a
follower.

This review has been relatively brief. Nevertheless I
think that some of these internet sites will be of interest to mist pharmaceutical microbiologists. I
would be very interested to here your favourite sites.
Please can you email me and, if there are enough,
perhaps we can feature these as a regular spot in
forthcoming newsletters.
Blogging and social networking
In addition to web-sites, social networking provides
a means for microbiologists to communicate with
each other and to share ideas. The most commonly
known are MySpace and Facebook. Although these
allow users to set up pages for special topics, the
ethos of the sites tends towards the more ‘social’
side of networking. Other sites, such as LinkedIn,
are more orientated towards professional and academic interests.
An arguably more effective way to connect with
other microbiologists, to post longer articles and to
encourage debate is through a blog. A ‘blog’ is a
contraction of term ‘web-log’. A blog is a website
with a series of regular entries of commentary, descriptions of events, and other material such as
graphics. Many blogs can be set up for free (free is
often with the proviso for some advertising, which
is generally unobtrusive and of relevance to the blog
content). Examples of blog sites include Google’s
Blogspot, Blogger and Open Diary.

Microcheck Microbial Analysis Exceeding Industry
Standards for Quality and Excellence Since 1988

Why professional microbiologists choose Microcheck:
√
√

√

√

√

√
√

Expertise: Microbial Identification and Analysis
Microcheck Signature Reports – There is no need to guess
what your results mean, we use our 19 years of experience to
create your comprehensive interpretive report with analytical
comments.
Depth: Offering a comprehensive analysis suite (genotypic
and phenotypic) of bacteria, fungi, yeasts and actinomycetes.
• 16S and 28S rDNA gene sequencing
• Fatty acid methyl ester (FAME) analysis, a cost effective alternative
• Microscopic fungal identifications by our staff mycologist
• Professional consultation with our microbial experts
• Custom projects to meet your individual needs
Experience:
• First commercial laboratory to offer FAME identifications - 200,000+ IDs since 1988
• 40,000+ fungal IDs by our staff mycologist
Excellence:
• FDA registered, cGMP, ISO/IEC 17025 Compliant
• Standard quality purity checks for every FAME sample before release of result
• Microcheck signature reports
Cost effective: Low pricing and volume discounts
Trust: Personal, rapid, responsive service with on-time
results from our microbiology lab personnel
NELAC Accredited microbiological PT Provider for water
testing labs

A successful blog is topical, especially in notifiying
√
its readers of the latest developments and trends.
There are in excess of 112 million blogs in the collective ‘blogsphere’ but there are few with relevance As the first lab to offer commercial microbial identifications we
to pharmaceutical microbiology.
would like to be your first choice service laboratory. For more
I have recently set-up a blog dedicated to pharmaceutical microbiology. It can be found at
www.pharmig.blogspot.com

information about our services and pricing please visit our website
at www.microcheck.com or contact us at 866-709-6600.
The PMF Newsletter thanks Microcheck for its sponsorship.
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Non-Destructive Characterization of a Steam System Biofilm by Microscopy
Mark Fornalik
Industrial Biofouling Science, LLC
Rochester, NY
585-750-8785
mfornalik@gmail.com
Betsey Pitts
Center for Biofilm Engineering
Montana State University
Bozeman, MT
406-994-7813
Betsey_p@erc.montana.edu
Jill Fornalik
Scanning Probe Microscopy
Corporate Engineering & Analytical Sciences
Eastman Kodak Company
Rochester, NY
585-477-0899
Jill.fornalik@kodak.com

Introduction
The food industry (particularly the dairy industry
(1)) has long been aware of heat-resistant organisms. Some of these heat-resistant organisms are
capable of forming biofilms in a process (2, 3, 4).
Bacilli sp. form biofilms in processes exposed to
continual heat in as little as 16 hours (4).
Biofilms have been discussed in this newsletter in
the past (5,6), and are of interest to the pharmaceutical microbiologist in part because of a biofilm’s propensity for growth in harsh environments (7). In
natural settings, biofilms have been found to exist in
acidic mine tailings (pH of 0), hot thermal springs,
and Antarctica.
In this article, we discuss microscopy techniques to
characterize a biofilm found in a steam sterilization
line.

Background
A company with an interest in increasing their ca-

pacity attempted to bring a out-of-use bioproducts
manufacturing operation back to functional status.
While validating the steam sterilization (SIP) process, they discovered that during the time the process
had been non-operational, Bacillus cereus had taken
up residence in the steam line. Repeated cycling of
pure steam (8) through the line use did not eliminate
the organisms. The company was forced to cut out
the contaminated portions of the steam line and rebuild with new materials.
The company, however, wished to learn more about
the contaminating organisms, specifically whether
the organisms in the steam line had formed a
biofilm. To answer this question, we decided to use
various forms of microscopy to image surfaces
(Continued on page 7)

Sartorius is an internationally leading laboratory and process
technology supplier covering the segments of biotechnology
and mechatronics. Sartorius has over 75 years experience in
the manufacturing of cellulose nitrate membranes which are
routinely used today for microbiological analysis.
The detection of microbial contamination in sample liquids
such as final product, incoming inspection or during inprocess testing plays a significant role in the quality assurance process. The requirements for a practical microbiological test method are that it permits quantitative and reproducible detection of trace contamination and that it can be performed efficiently and economically under routine conditions.
These requirements are fulfilled optimally by the membrane
filtration method. The membrane filter method is worldwide
accepted and the preferred method for analyzing aqueous
solutions for microbial contamination.
Sartorius offers an extensive line of high quality and reliable
membrane-based solutions for all your microbial analysis
needs, specifically for microbial enumeration, sterility
testing and air monitoring. To learn more about Sartorius
Microbiology Products, please visit us at:
www.Sartorius.com/microbio.
The PMF Newsletter thanks Sartorius for its sponsorship.
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within the
steam line, specifically a sanitary
diaphragm valve. The company provided two sanitary diaphragm valves from the steam line; both
were removed from the process and shipped dry
for analysis.
The valves were not ideal surfaces for microscopy.
Ideal samples for microscopy would be small, flat
and transparent (think glass microscope slide),
whereas the valves were large, decidedly not transparent, and very three dimensional. Further, because we wanted to use several forms of microscopy, we wanted to use non-destructive analyses;
introducing immersion oil or sputtering a metal
overcoat for one technique may ruin the sample for
subsequent methods.
The results of biofilm characterization in a steam
line are presented in this article.

Methods: Biofilm Characterization by
Non-Destructive Microscopy
The valve body sample is shown in Figure 1. The
biofilm can be seen even at this magnification as
the haziness on the stainless steel surface. The
valve body measured about 5 cm x 5 cm x 2.5 cm.
Clearly, the valve was not an ideal candidate for
most forms of microscopy.

Figure 1. Sanitary Diaphragm Valve from Steam Supply
Line

Several forms of imaging were evaluated: reflection
fluorescence optical microscopy, scanning confocal
laser microscopy (SCLM), and atomic force microscopy (AFM). The optical methods (i.e., fluorescence and SCLM) were done at the Center for
Biofilm Engineering’s Microscopy Laboratory. The
AFM work was done at Eastman Kodak’s Scanning
Probe Microscopy Laboratory, part of Kodak’s
Analytical Sciences Division.
There was no sample preparation involved with this
work. The valve was not stained, metal overcoated,
or altered in any fashion for these analyses.
Once the valve body was removed from the manufacturing system, it was stored dry and at ambient
conditions for several months before microscopy
analysis.
(Continued on page 8)
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an organic deposit on the stainless steel surface.

Low-magnification optical microscopy was accomplished with a Nikon SMZ1500 Zoom Stereomicroscope. Image capture was accomplished with an
Infinity2 digital color camera.
Fluorescence microscopy was accomplished with
an Olympus BH-60X compound fluorescent microscope, with image capture accomplished using a
digital B&W camera.
Confocal imaging was done on a Leica TCS SP2AOBS laser scanning confocal microscope, using a
63 x 0.9 NA water immersion objective, with a
working distance of 2.2 mm. There was no staining
required for the sample, as the organisms exhibited
autofluorescence when excited with both the 488
and 561 nm lasers. Images were collected from 506
to 547 nm (green) and from 577 to 691 nm (red).
Three-dimensional reconstructions of the confocal
images were produced with Imaris image analysis
software (Bitplane, Inc., Zurich).
AFM results were obtained with a NanoScope Dimension 3100 scanning probe microscope (Veeco
Metrology Inc., Santa Barbara,CA) in an environmentally controlled laboratory with the relative humidity set at 20%. Photomicrographs were acquired
using tapping mode atomic force microscopy (TMAFM) in ambient conditions. With TM-AFM, the
tip is driven at a known amplitude and frequency of
oscillation, which is typically near the cantilever
resonance. The oscillatory motion is reduced as the
tip is brought closer to the surface. The changes in
the amplitude allow the atomic force microscope to
track the surface, providing topographical information. A single crystal silicon Nanoprobe was used
with a spring constant of ca. 17-43 N/m and resonance frequencies in the 262-359 kHz range to examine the surface.

Results
Stereo Zoom Microscopy
Figure 2 presents an image of the valve body surface taken with the stereo zoom microscope. Note
the discoloration over the surface and the jelly-like
organic material. The jelly-like material was clearly

Figure 2. Stereo Zoom Microscope Image of Deposit on
Stainless Steel Surface of Steam System Diaphragm Valve
(40X magnification)
(Continued on page 9)

Pharmaceutical Microbiology Forum Newsletter – Vol. 15 (11)
Page 9 of 13

(Continued from page 8)

Fluorescence Optical Microscopy
Figure 3 shows a black and white image of the unstained, fluorescing valve body surface. Biofilm
organisms can be naturally fluorescence at some
wavelengths of incident light. Some regions of the
surface were relatively free of organisms, whereas
other regions were dense with sessile organisms.
Figure 3 is an image of a denser area, and it can be
seen from the image that not all the organisms are
in focus. The colonies were very three-dimensional
and organisms not in the plane of focus appeared
out of focus.
More importantly, water was used in place of immersion oil, and it was noticed that after a few minutes of hydration under the microscope, many of
the organisms were observed to be motile. In spite
of several months of dry storage, the organisms
came back to life upon addition of water.

der the scanning confocal microscope as well, when
water was used as an immersion aid.

Figure 4. SCLM Photomicrograph of Organism Colonization
on Stainless Steel Surface of Steam System Diaphragm Valve
(No Staining, White Bar is 10.0 um)

Atomic Force Microscopy
AFM is a non-destructive microscopy tool, and re(Continued on page 10)

Figure 3. Fluorescence Optical Photomicrograph of Organisms on Stainless Steel Surface of Steam System Diaphragm Valve (100X Objective, No Staining)

Scanning Confocal Laser Microscopy
Figure 4 presents a representative image of the
biofilm analyzed by SCLM. No staining was used
for this image. The image shows a region of dense
colonization, nearly obscuring the underlying
stainless steel surface. Each small particle is an organism, organized in clusters over the surface. We
also saw that the organisms exhibited motility un-
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quires no sample preparation. However, unlike the
optical techniques used in the study thus far, AFM is
a surface-sensitive technique. AFM is not able to
penetrate even organic films on solid surfaces, and
instead will image the outermost surface of the organic films. Thus, the images taken of the steam
valve biofilm show a very different aspect of the
biofilm.
AFM is capable of imaging in several modes. Here,
we present only height mode imaging (the left-hand
images for Figures 5 and 6) and phase imaging (the
right-hand images in Figures 5 and 6). Because
AFM is quantitative, it is capable of measuring feature height on a surface, and high points are represented by white areas whereas low points are represented by increasingly darker shading. For phase
imaging, the instrument is capable of detecting differences in chemistry of the surface, and imaging
such differences in a gray scale. In the phase mode
image, darker regions typically represent softer materials and conversely brighter regions indicate a
stiffer material.
Figure 5 shows a region of transition from dense organic material (presumably a bacteria-rich area of
the steam valve body) to bare valve body surface.
Note the polishing scratches of the bare surface in
the lower left side of both the height and phase mode
images. Now look at the upper right side of both images, at the cloud-like organic material adsorbed to
the surface. This was likely microbial exopolymer;
and because AFM is surface specific, individual
cells could not be seen through this exopolymer
coating.
Figure 6 demonstrates one of the other forms of
fouling in a steam system: plates of crystalline material, presumably a carbonate scale. Biofilms can be
closely associated with inorganic fouling material
and that can be seen with these images.

Conclusions
Our conclusion from these analyses is that the organisms in the steam system existed in the form of a
biofilm. We also concluded that the biofilm was not

uniformly distributed over the valve body, but instead occurred as patches of colonies. We observed that inorganic material was also part of the
biofilm. These two observations support Characklis and Marshall’s definition of biofilm (9). Further, we found by direct observation that the organisms were alive and well, in spite of repeated
cycles of steam exposure, and in spite of several
months of dry storage prior to analysis. The organisms in this case formed a heat-resistant biofilm in
the steam line.
We also found that even large, difficult-to-work
with objects can be used for direct microscopic
examination, if the right instrumentation is available. In this case, each of the instruments used in
this study had the ability to work with a relatively
large sample, had a long depth of focus, and was
(Continued on page 12)
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Figure 5. AFM Photomicrograph of Biofilm on Stainless Steel Surface of Steam System Diaphragm Valve
(10 um x 10 um image area)

Figure 6. AFM Photomicrograph of Biofilm on Stainless Steel Surface of Steam System Diaphragm Valve (10
um x 10 um image area)
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capable of working in reflection mode rather than
transmission (for the optical techniques). This enabled biofilm characterization work without removing the biofilm from the substrate.
Industrial microbiologists may wish to consider use
of non-destructive imaging techniques as complements to microbiological culturing methods, analyzing the organisms on the original surfaces that
they colonized.
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Upcoming Events
PMF Microbial Control Conference - Microbiology in
the Keys
February 22-23, 2010
Key Largo, FL
LAL User's Group 2010 Bacterial Endotoxin Summit
- Understanding Variability in the BET Laboratory
March 22-23, 2010
San Francisco, CA
Advanced Topics in Biofilm
April 12-13, 2010
Philadelphia, PA
PMF Workshop on GMP for the Microbiology Lab
May 17-18, 2010
Baltimore, MD
PMF Workshop on Risk Considerations in the Investigation of Microbiological Data Deviations
June 7-8, 2010
Chicago, IL
PMF Conference on Advanced Topics in Cosmetic
Microbiology
September 13-14, 2010
Philadelphia, PA
2010 PMF Fall Forum
October 7-8, 2010
Rochester, NY. for the lab or the manufacturing

Webinars http://micronetwork.webex.com

USP Corner
Any questions concerning USP documents
should be sent to Radhakrishna (Radha) Tirumalai, Ph.D. You can reach Dr. Tirumalai at:
(706) 353-4514, via mail at United States
Pharmacopeia, 126 Twinbrook Parkway,
Rockville, MD 20852 or via e-mail at
RST@USP.org. You can write representing
your company, or as an individual scientist.

Discussion List Update
PMFList:
Number of Subscribers: 3689
Number of Countries: 88
Number of Messages Last Month: 253
PSDGList (Pharma Stability Discussion Group):
Number of Subscribers: 1235
Number of Countries: 34
Membership is FREE. To join the PMFList, visit
http://microbiol.org/pmflist.htm and register.
A sister Email is devoted to topics in the stability testing
of pharmaceuticals, medical devices and personal products.
To join the PSDGList, visit
http://microbiol.org/psdglist.htm and register.
You can ask, answer, or read questions and comments
from your colleagues. Archives of the lists are available at:
• http://lists.microbiol.org/archives/PMFLIST.html
• http://lists.microbiol.org/archives/PSDGLIST.html

