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Welcome to the April 2013 issue of the PMF
Newsletter.
Dr. Tim Sandle returns with a follow-up article
to the one that was presented in the last issue of
the PMF Newsletter. In this issue, Dr. Sandle
discusses mitigation of error in the Limulus amebocyte lysate (LAL) assay, including minimizing
and detecting errors and evaluating control data.
Sung-Oui Suh et al. from the American Type
Culture Collection (ATCC) discuss results of
their study to clarify the true taxonomic identity
and phylogenetic position of drug testing reference strain ATCC® 2601TM , an organism that
has long been classified as Saccharomyces cerevisiae.
We are always interested in your input and concerns. Please let us know if there are articles or
topics you would like to see addressed in this
newsletter.
Bob Westney

rwestney@cryologics.com
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Avoiding Dilution Error With the LAL Assay
Tim Sandle, PhD
Email: tim.sandle@bpl.co.uk
Blog: www.pharmig.blogspot.com
Introduction
This article examines some steps that can be taken
in order to minimise dilution error, or to detect a
problem in the event of an error, when conducting
the LAL test. Dilution is key to the LAL test as it
allows samples to be reduced in concentration so
that the resulting concentration of endotoxin falls
within the range of the standard curve used to
measure endotoxin within the sample. This piece
follows on from an earlier article published in the
Pharmaceutical Microbiology Forum Newsletter
which looked at LAL assay variability in general.
This article is not written from a regulatory perspective (indeed the approaches outlined are not
addressed in compendia text); instead the article
offers some considerations for internal laboratory
quality control.
The Limulus amebocyte lysate (LAL) assay is the
compendia test for the examination of bacterial
endotoxin in pharmaceutical products (as described in USP chapter <85> and European Pharmacopeia monograph 2.6.14). For large volume
parenteral products the LAL test is normally a
mandatory test for finished product release
(Baines, 2000).
Minimizing dilution errors
Any biological assay can be subject to dilution errors. The most important avoidance factor is having trained staff, for without proper training, the
opportunity for error could be substantial, and the

impact may vary from small to great. However,
even with trained staff errors can still occur.
Dilution errors can occur at different stages of an
assay (Das, 1980). The first dilution error is initial
sample size. If a sample of a particular size is to
be placed into a fixed amount of diluent, the size
of the initial sample (either larger or smaller than
nominal) would cause under-dilution or overdilution error. Secondly, errors can occur when
setting up the diluent. Here volumetric errors related to the use of graduated pipettes could occur,
leading to an incorrect amount of diluent being
pipetted into the test tube. Errors may also occur
through incorrectly reading the meniscus in graduated pipettes. The third area is with pipetting errors, which can occur for all dilutions after the
original sample is placed into the original blank
and the subsequent dilutions are made. A fourth
area for error is with votext mixing, especially
where this is insufficient to create a homogenous
sample-diluent mix (Chase and Hoel, 1975).
To avoid the possibility of dilution error arising
from the construction of the standard curve it is
recommended that the following controls are put
in place:
 The dilution series should be qualified before
each lot of endotoxin or lysate is released for
(Continued on page 3)
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Control Standard Endotoxin against Reference
Standard Endotoxin (both a purified extract of E.
coli O113:H10).
With the above in place a dilution error, should it
occur, would most likely arise from a mistake on the
part of the technician conducting the test. Such an
error would not be common based on the procedures
in place and the accepted level of training and assessment received by the technician.
Detecting dilution errors
With the above controls notwithstanding, dilution
errors can occur. The important thing is being able
to detect them promptly and not to release a batch of
product from the laboratory.

(Continued from page 2)

routine use, by three technicians who verify
the dilution series three times each. A similar
exercise is undertaken for each new technician who is trained in the test.
 For routine assays the dilution series should
not vary between tests (that is, the same dilution series is always undertaken).
 The starting concentration of endotoxin
should always begin with the same value (this
is normally with 1,000 EU/mL). Endotoxin
standard curves are constructed from the same
starting concentration of endotoxin: 1000 EU/
mL. This is verified by reviewing the manufacture’s Certificate of Analysis and from undertaking confirmatory tests of the manufacture’s certificate by comparing the in-use

In order to check that the LAL assay has been performed correctly the reaction time for the highest
endotoxin concentration point on the standard curve
should be examined to ensure that is lies within an
expected time range in seconds. This is important
because seemingly small changes in these onset
times result in changes to linearity, slope and yintercept that can have a significant effect on the test
result (Tsuchiya, 2011).
For this, the onset times for the starting endotoxin
concentration are examined (such as 5.0 EU/ml).
This requires a study of historical data in order to
establish the typical range. For greater accuracy, it is
recommended that the first one hundred tests performed using the endotoxin are assessed. If an error
occurs with the preparation of the dilutions then the
onset time would fall outside of the expected range.
Examining the onset time is an important indicator
of assay error as it directly relates to the way in
which the photometric LAL test method works.
(Continued on page 7)
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Update of USP Drug Testing Reference Strain ATCC® 2601TM
Sung-Oui Suh*, Brian Beck, Liz Kerrigan, and
Jianlong Jim Zhou
American Type Culture Collection (ATCC), 10801
University Blvd., Manassas, Virginia 20110, USA.
*Corresponding author: ssuh@atcc.org

Table 1. ATCC strains used in this study

Introduction
ATCC® 2601TM is a reference strain designated by
FDA and widely used in assays of amphotericin B
fungizone and nystatin fungicidin according to
U.S. Pharmacopeia General Chapters; <81> Antibiotics-Microbial assays USP35-NF30 (2012). It
has long been classified as Saccharomyces cerevisiae based on traditional taxonomic characterizations, i.e., morphology and physiological profiles.
However, due to the recent taxonomic revision in
the Saccharomyces sensu stricto complex (e.g.,
Kurtzman and Robnett 2003; Kurtzman et al.
2011), our in-house molecular authentication motivated us to perform a polyphasic study to clarify
its true taxonomic identity and phylogenetic position. In this study, we addressed two main questions: 1) is ATCC 2601 Saccharomyces cerevisiae
or other species; and 2) have phenotypic/genotypic
changes occurred in ATCC 2601 over time?
Materials and Methods
Strains used
Cultures from three currently available lots of
ATCC 2601 and type strains of Saccharomyces
cerevisiae and Saccharomyces kudriavzevii were
used in this study (Table 1).
Biochemical tests
More than 80 tests on fermentation, assimilation of
carbon and nitrogen, and vitamin requirements

were performed according to the methods in The
Yeasts, a taxonomic study (5th ed.; Kurtzman et
al. 2011).
Antifungal susceptibility tests
Thirty antifungal chemicals were tested for growth
inhibition by employing Phenotype MicroArrayTM
MicroPlates PM21D (Biolog) and YeastOne® Antifungal susceptibility plate (TREK Diagnostic
Systems) according to manufacturer's instructions.
Multi-locus DNA sequence analyses
Nuclear ribosomal RNA genes (ITS and D1/D2
region of LSU rDNA), mitochondria SSU rRNA
gene (Mt SSU rRNA), two large subunits of RNA
polymerase II gene (RPB1 and RPB2), and translation elongation factor 1 α gene (EF1α) were sequenced. The sequence data was analyzed for
maximum parsimony method using PAUP 4.0b10.
Results and Discussion
Is ATCC® 2601TM Saccharomyces cerevisiae?
Our results indicate that ATCC 2601 is clearly distinguished from typical S. cerevisiae strains alt(Continued on page 5)
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(Continued from page 4)

hough its physiological profiles are very similar to
those of S. cerevisiae.
Among the 82 substrates tested, more than 70 biochemical profiles were identical in all strains tested
and only eight profiles showed some variations
among the strains (Table 2). Physiological similarity of ATCC 2601 was 97.5% (80/82 tests) to S.
cerevisiae and 90.2% (74/82 tests) to S.
kudriavzevii. The three lots of ATCC 2601 were
physiologically identical (Table 2).
On the other hand, the fungal DNA barcode sequences (ITS and D1/D2 region of LSU rDNA) as
well as several other protein-coding genes clearly
showed that ATCC 2601 belongs to Saccharomyces kudriavzevii, a close relative of S. cerevisiae
(Fig. 1; Naumov et al. 2000). Phylogenetic trees
from nuclear/mitochondria rRNA genes and RPB 1
and 2 genes evidently indicated that ATCC 2601 is
a member of S. kudriavzevii with 99-100% of similarity, not S. cerevisiae (87-98% of similarity) (Fig.
1a to 1d). Interestingly EF1α gene of ATCC 2601 is

a hybrid type of S. cerevisiae, S. kudriavzevii, and/
or other Saccharomyces spp. (Fig. 1e, page 6).
Have phenotypic/genotypic changes occurred in
ATCC® 2601TM ?
Three lots of ATCC 2601, produced within a 50
year time span, were compared physiologically
and genetically to uncover possible changes. The
multi-locus sequences from six genes were identical to each other among the three lots (Fig. 1).
Similarly, no significant variations were found in
their physiological profiles among these lots
(Table 2, page 5). The susceptibility pattern of amphotericin B, nystatin, and 28 other chemicals
were consistent in different lots of ATCC 2601
from repeated tests (Fig. 2 and Table 3). The pattern was overall similar to those of S. cerevisiae
and S. kudriavzevii (data not shown).
(Continued on page 6)

Table 2. Physiological differences among ATCC 2601 and other species
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(Continued from page 5)

Fig. 1. Phylogenetic trees from multi-locus DNA sequence analyses
a) A parsimony tree from the combined sequences of ITS and
LSU rRNA gene

d) A parsimony tree from RNA polymerase II gene (RPB2)
gene

e) A parsimony tree from translation elongation factor 1 α
gene

b) A parsimony tree from mitochondrial SSU rRNA gene

Important Links:
Information on the PMFList at
http://microbiologynetwork.com/
pmflist.asp
c) A parsimony tree from RNA polymerase II gene (RPB1)
gene

Past Issues of the PMF Newsletter at
http://www.microbiologyforum.org/

(Continued on page 10)
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(Continued from page 3)

With the kinetic-turbidimetric or chromogenic LAL
test method lysate, when aliquoted into reaction
tubes, reacts with any endotoxin present in an aliquoted sample or within a standard curve dilution
(Guy, 2003). The reaction which takes place is one
of turbidity or color change as measured against
time. The faster the time taken to reach a turbidity
threshold (measured in milli-aborbance units at a
pre-set optical range) the greater the endotoxin concentration. This onset time range not only varies
depending upon the level of endotoxin, it will vary
for different lots of lysate and Control Standard Endotoxin.
That the onset time falls within the correct range is
important because it establishes that the correct dilutions have been performed. It is possible, for example, that if a test was diluted incorrectly the correlation coefficient and the reported endotoxin values would still appear to be correct. This is because
the correlation coefficient is the line of best fit between actual and expected values and the software
that interprets this data and produces an estimated
endotoxin concentration by extrapolating from the
standard series (McCullough, 2009).
One way by which the range for the time taken for
the optical density of the starting concentration to
reach the required threshold can be calculated from
the second standard deviation from the mean. Given
the inherent inaccuracy of the LAL test (which is
accepted as ±25%), and to incorporate a level of

standardisation with approaches taken to other biological assays, the second standard deviation is arguably the appropriate measure. The standard deviation is a measure of how much individual elements
tend to deviate from the average (mean). It is calculated as the square root of the variance (as shown in
the figure below):
The use of two standard deviations from the mean
indicates that within the upper and lower ranges
95% of the values fall. The 5% outside of this are
taken to represent atypical values.
After the completion of each LAL test, the onset
times highest endotoxin concentration (the start of
the curve) are compared against this range and the
test is only deemed to be acceptable should the
(Continued on page 8)
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(Continued from page 7)

measured onset time fall within this range. If a dilution error had occurred then the onset time
would have fallen outside of the onset time range.
By adopting two standard deviations from the
mean any test values which fall outside of the calculated range are said to be atypical values and not
representative of the normal population. On this
basis the LAL test requires investigation.
As a way of a further check on technician performance, the onset times for each technician's standard curve are trended and examined by the area
supervisor. If an out-of-trend situation occurs an
Out-of-Specification (OOS) report should be
opened and the technician considered for retraining and as to whether they can continue perform-

ing the assay. An example of such a chart is shown
on page 8.
For the test to be consistently satisfactory the centre
line must fall within the upper and lower bars (each
bar represents the upper and lower second standard
deviation from the mean).
Other measures
Other measures can also be considered to act as controls for the LAL test.
Standard curve correlation coefficient
The correlation coefficient of the standard curve
should be examined for each test (where the requirement is for a correlation coefficient of 0.980 or
(Continued on page 9)
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or less or 25% or less (depending on the requirement set by the lysate vendor).
In order to assess the variation between replicates,
the coefficient of variation is examined. The C.V.
is the standard deviation expressed as a percentage
of the mean. It allows a comparison of the variability to be made between concentrations through
the production of a dimensionless number
(i.e. a number with no units) (Brosnahan, 2006).
As the mean between different samples increases,
then the CV is a measure that accounts for this variability. The C.V. is useful in comparing means
and determining if they differ substantially.
 The lower the %C.V. the closer the level of
precision between the different test replicates
is (the ‘scatter’ from the mean is relatively
small).
 The higher the %C.V. the weaker the level of
precision between the different test replicates
is (the ‘scatter’ from the mean is relatively
large).
(Continued from page 8)

greater). This check is required by the pharmacopoeia
for each test run.
Standard curve consistency is an important feature of
the LAL test. A change of only 1% in y-intercept for
a linear standard curve can result in a 30 - 35%
change in endotoxin determination. So, a sample with
a known 10 EU/mL can read 13.5 EU/mL, not because of a change in the endotoxin content of the
sample, but because of a shift in the y-intercept
(McCullough, K. (2008).
Coefficient of variation
The coefficient of variation (% C.V.) expressed as a
percentage, between test replicates. The common requirement is for the coefficient of variation to be 10%

There are different approaches to the calculation of
C.V.s. These relate to different ways of calculating
the standard deviation.
Different approaches are based on the way of calculating the standard deviation. This can be a
standard deviation which measures the entire population (n) or one that measures a representative
(Continued on page 12)
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(Continued from page 6)

Fig. 2. Results from chemical sensitivity assays for two ATCC 2601 lots by Biolog PM21D

Microplates
(red, ATCC
2601 lot 58127915; green, ATCC 2601 lot 223396; yellow, overlapped by the two lots.). Test chemicals: Guanidine hydrochloride (A, 1-4); 2,2`-Dipyridyl (A, 5-8); Promethazine (A, 9-12); Nystatin (B, 1-4); Dodecyltrimethyl ammonium bromide (B, 58); Protamine sulfate (B, 9-12); Cetylpyridinium chloride (C, 1-4); Domiphen bromide (C, 5-8); L-Aspartic acid b-hydroxamate
(C, 9-12); 1-Hydroxypyridine-2-thione (D, 1-4); EDTA (D, 5-8); Sodium dichromate (D, 9-12); Compound 48/80 (E, 1-4);
Manganese(II) chloride (E, 5-8); Magnesium chloride (E, 9-12); Copper(II) sulfate (F, 1-4); Neomycin (F, 5-8); D-Cycloserine
(F, 9-12); Sodium Selenite (G, 1-4); Nickel chloride (G, 5-8); Trifluoperazine (G, 9-12); Diamide (H, 1-4); Thiourea (H, 5-8);

Table 3. Results from YeastOne® Antifungal susceptibility test

(Continued on page 11)
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(Continued from page 10)

About the Authors:

Conclusions
The results from above polyphasic characterizations convincingly show that ATCC® 2601TM is
Saccharomyces kudriavzevii, not S. cerevisiae.
ATCC will rename and reclassify ATCC® 2601TM
and the products derived from this strain. We
want to emphasize that the taxonomic update of
this strain will not affect its application in antifungal drug testing assays and many other usages.
Additionally, no DNA sequence change and no
meaningful phenotypic change were detected
among different lots of ATCC 2601 over time.
Acknowledgements
We thank Amy Smith and Janice Houseknecht for
their assistance on chemical sensitivity assays.
References
Kurtzman, C. P. & Robnett, C. J. (2003). Phylogenetic relationships among yeasts of the
'Saccharomyces complex' determined from multigene sequence analyses. FEMS Yeast Res. 3: 417
-432.
Kurtzman, C. P., Fell, J. W. & Boekhout, T.
(2011). The yeasts, a taxonomic study, 5th ed.
London, UK: Elsevier.
Naumov, G. I., James, S. A., Naumova, E. S.,
Louis, E. J. & Roberts, I. N. (2000). Three new
species in the Saccharomyces sensu stricto complex: Saccharomyces cariocanus, Saccharomyces
kudriavzevii and Saccharomyces mikatae. Int. J.
Syst. Evol. Microbiol. 50: 1931-1942.

Sung-Oui Suh is a scientist in the Mycology Collection at
ATCC. His recent research has focused on developing rapid
identification of fungi, such as DNA barcoding and molecular typing for a variety of fungal strains collected worldwide.
After receiving his Ph. D. in Microbiology from the University of Tokyo, Sung had further training in molecular ecology
through the studies on insect-associated fungi at Louisiana
State University and the deep-sea microbial environment at
Japan Marine Science and Technology Center. His research
has been published in many journals, such as Mol. Biol.
Evol., Mol. Ecol., Mycologia, IJSEM, and PNAS, and he
serves as an editor for the journal Mycoscience.
Brian Beck manages the acquisition, characterization and
maintenance of more than 19,000 items in the Bacteriology
collection at ATCC. He leverages the ATCC collection with
new technologies to describe novel species, develop associated reagents, and support contracted research efforts. His
research interests include using genomics technologies to
support rapid molecular diagnostics and the bacterial taxonomy. He is also involved with multiple international working
groups developing quantitated, highly-characterized culture
and nucleic acid standards for detection of microorganisms.
Brian received his PhD in Bacteriology from the University
of Wisconsin-Madison.
Liz Kerrigan is the Director of Products, Services, BioCollections and Standards at ATCC in Manassas, Virginia. Liz
serves as the ATCC representative to the United States Pharmacopeial (USP) Convention, ANSI (American National
Standards Institute) and CLSI (Clinical Laboratory Standards Institute). She is also the ATCC representative to the
AOAC/DHS SPADA (Stakeholder Panel on Agent Detection
Assays) and a member of PDA, ASM, USP, ISBER and AMP.
Liz has been with ATCC for 10 years. Prior to ATCC, she
spent 18 years at DuPont in the Medical Products Division
with DuPont/NEN Products.
Dr. Jianlong "Jim"Zhou is currently Head of Mycology Collection and Sr. Scientist for Manufacturing Science and
Technology at ATCC. He has nearly 20 years of research
and product development and service experience in microbiology, mycology, and molecular biology. His professional
interest covers a wide range of subjects such as fungal diversity, taxonomy and phylogeny, long-term stable preservation
of microbes, cost-effective authentication methodologies for
microbial strains, and development of yeast platform technology. He has published over 20 peer-reviewed papers,
book chapters and technical articles.

Pharmaceutical Microbiology Forum Newsletter – Vol. 19(2)
Page 12 of 14

standard series, this is 0.005 EU / ml). This check is
required by the pharmacopoeia.
Important Links:

Summary
Information on the PMFList at
http://microbiologynetwork.com/
pmflist.asp
Past Issues of the PMF Newsletter at
http://www.microbiologyforum.org/

(Continued from page 9)

population (n-1). The best approach for a biological
assay uses a population of n-1 because the volume
of endotoxin used in the LAL test only represents a
small volume of the original solution.
Once the approach for calculating the standard deviation has been adopted, the C.V. becomes expressed as the ratio between the standard deviation
and the mean.
From this, the %C.V. can be calculated, thus:
100% x (standard deviation / arithmetic mean)
From the above it can be seen that the C.V. is converted into a percentage by multiplying the obtained number by 100 to produce the % C.V
(Richardson and Novitsky, 2002).
Negative controls
Negative controls should be run for each test. The
negative controls are samples of the water used to
construct the standard curve. The negative control
samples will indicate if any contamination has occurred during the preparation of the endotoxin series. The controls are required to have an endotoxin
level below that of the lowest endotoxin concentration within the standard curve (for the routine

Due to the inherent variability in the test, no further
analysis will yield meaningful data with which to
evaluate the performance of the test. The LAL assay has an inherent variability of 50-200% (or one 2
-fold error either side of each endotoxin standard)
(Kumar, 2007) and with a precision of ±25%.
A risk does arise from samples with endotoxin falling outside of the cut-off. This is avoided by setting
limits below pharmacopoeial endotoxin specifications. For example, a limit for water-for-injections
(WFI) could be set at 0.125 EU/mL, compared with
the pharmacopoeia specification of 0.250 EU/mL.
The objective of this article was not stipulate that
the approaches contained within should all be followed; instead the article aims to provide some
practical advice which could be considered if a laboratory has concern about dilution error or wishes
to strengthen its internal quality control measures.
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USP Corner
The Microbiology Network
(http://www.microbiologynetwork.com) was established in 1996 and provides consulting, training services and webinars to industry. Microbiology Network specializes in difficult jobs of all sizes, and can
answer a simple question through qualification of a
new facility. Take advantage of the network of proven, experienced independent consultants who operate
through the network.
The Microbiology Network also supports:
 PMFList, a microbiology Email list - http://
microbiologynetwork.com/pmflist.asp
 PSDGList (pharmaceutical stability topics) http://microbiologynetwork.com/psdglist.asp
Services Offered
 Consulting
Contamination control, environmental monitoring,
lab operations, facility qualification, temporary
assistance by qualified bench microbiologists and
laboratory audits
 In-house training
cGMP, QC Microbiology, EM, Contamination
Control, Lab Audits
 Mock Audits
Full range of mock audits through network of
GMP experts available
 Webinars

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.
The Pharmacopeial Forum is now available for
free online at http://www.usp.org/USPNF/pf/

Discussion List Update
PMFList:
Number of Subscribers: 4159
Number of Countries: 64
Number of Messages Last Month: 193
PSDGList (Pharma Stability Discussion Group):
Number of Subscribers: 1731
Number of Countries: 35

Membership is FREE. To join the PMFList (or any of the
other lists, as well), visit
http://microbiologynetwork.com/subscription_form.asp and
register.
You can ask, answer, or read questions and comments from
your colleagues. Archives of the lists are available at:
 http://lists.microbiologynetwork.com/scripts/wa?
A0=PMFLIST
 http://lists.microbiologynetwork.com/scripts/wa?
A0=PSDGLIST

