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Letter from the Editor 
 
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 ame-
bocyte 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 refer-
ence strain ATCC® 2601TM , an organism that 
has long been classified as Saccharomyces cere-
visiae. 
 
We are always interested in your input and con-
cerns.  Please let us know if there are articles or 
topics you would like to see addressed in this 
newsletter. 
 
Bob Westney            rwestney@cryologics.com 

Letter from the Editor 1 

Avoiding Dilution Error With the LAL 
Assay by Dr. Tim Sandle 2 

Update of USP Drug Testing Reference 
Strain ATCC® 2601TM  by Sung-Oui Suh, 
Brian Beck, Liz Kerrigan, and Jianlong Jim 
Zhou  4 

USP Corner and Discussion List Update 14 

Pharmaceutical Microbiology Forum  
(PMF) 2013 Editorial Board 

President/Editor-in-Chief:  

Scott Sutton, Ph.D. 
Microbiology Network, Inc.  USA  

                    
Editor 
 Robert Westney, M.S., RAC, CMQ/OE 

Cryologics, Inc. USA 
Westney & Associates Consulting, LLC 

USA 
 
Editorial Board:   

Ziva Abraham, Microrite, Inc., USA 
Phil Geis, Proctor-Gamble, CTFA, USA 
Klaus Haberer, Ph.D., Ph. Eur., Germany  
Karen McCullough, MMI Associates, LAL 

User’s Group, USA 
Paul Priscott, Ph.D., AMS Labs, Australia 
Eric Strauss, Teva Pharmaceuticals, Israel 



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

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 per-
spective (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 de-
scribed in USP chapter <85> and European Phar-
macopeia 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 er-
rors. The most important avoidance factor is hav-
ing 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 over-
dilution error. Secondly, errors can occur when 
setting up the diluent. Here volumetric errors relat-
ed 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 gradu-
ated pipettes. The third area is with pipetting er-
rors, 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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routine use, by three technicians who verify 
the dilution series three times each. A similar 
exercise is undertaken for each new techni-
cian who is trained in the test.  

 For routine assays the dilution series should 
not vary between tests (that is, the same dilu-
tion 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 manu-
facture’s Certificate of Analysis and from un-
dertaking confirmatory tests of the manufac-
ture’s certificate by comparing the in-use 

(Continued from page 2) 

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 as-
sessment 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.  
 
In order to check that the LAL assay has been per-
formed 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 y-
intercept 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 per-
formed 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) 



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 
 
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> Anti-
biotics-Microbial assays USP35-NF30 (2012). It 
has long been classified as Saccharomyces cere-
visiae based on traditional taxonomic characteriza-
tions, 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 moti-
vated us to perform a polyphasic study to clarify 
its true taxonomic identity and phylogenetic posi-
tion. In this study, we addressed two main ques-
tions: 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® An-
tifungal 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 transla-
tion elongation factor 1 α gene (EF1α) were se-
quenced. 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 dis-
tinguished from typical S. cerevisiae strains alt-

(Continued on page 5) 
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Update of USP Drug Testing Reference Strain ATCC® 2601TM  

Table 1. ATCC strains used in this study 



hough its physiological profiles are very similar to 
those of S. cerevisiae. 
 
Among the 82 substrates tested, more than 70 bio-
chemical profiles were identical in all strains tested 
and only eight profiles showed some variations 
among the strains (Table 2). Physiological similari-
ty 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 se-
quences (ITS and D1/D2 region of LSU rDNA) as 
well as several other protein-coding genes clearly 
showed that ATCC 2601 belongs  to Saccharomy-
ces 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 simi-
larity, not S. cerevisiae (87-98% of similarity) (Fig. 
1a to 1d). Interestingly EF1α gene of ATCC 2601 is 

(Continued from page 4) 

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 identi-
cal 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 am-
photericin B, nystatin, and 28 other chemicals 

 were consistent in different lots of ATCC 2601 
from repeated tests (Fig. 2 and Table 3). The pat-
tern was overall similar to those of S. cerevisiae 
and S. kudriavzevii (data not shown). 

Pharmaceutical Microbiology Forum Newsletter – Vol. 19(2) 
Page 5 of 14 

Table 2. Physiological differences among ATCC 2601 and other species 

(Continued on page 6) 



Important Links:   
 
Information on the PMFList at 
http://microbiologynetwork.com/
pmflist.asp 
 
Past Issues of the PMF Newsletter at  
http://www.microbiologyforum.org/
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Fig. 1. Phylogenetic trees from multi-locus DNA sequence analyses 

a) A parsimony tree from the combined sequences of ITS and 
LSU rRNA gene 

b) A parsimony tree from mitochondrial SSU rRNA gene  

c) A parsimony tree from RNA polymerase II gene (RPB1) 
gene 

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

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

(Continued from page 5) 

(Continued on page 10) 



With the kinetic-turbidimetric or chromogenic LAL 
test method lysate, when aliquoted into reaction 
tubes, reacts with any endotoxin present in an ali-
quoted 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 con-
centration. This onset time range not only varies 
depending upon the level of endotoxin, it will vary 
for different lots of lysate and Control Standard En-
dotoxin.  
 
That the onset time falls within the correct range is 
important because it establishes that the correct di-
lutions have been performed. It is possible, for ex-
ample, that if a test was diluted incorrectly the cor-
relation coefficient and the reported endotoxin val-
ues would still appear to be correct. This is because 
the correlation coefficient is the line of best fit be-
tween 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 

(Continued from page 3) 

standardisation with approaches taken to other bio-
logical assays, the second standard deviation is ar-
guably the appropriate measure. The standard devi-
ation is a measure of how much individual elements 
tend to deviate from the average (mean). It is calcu-
lated 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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measured onset time fall within this range. If a di-
lution 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 cal-
culated 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 perfor-
mance, the onset times for each technician's stand-
ard 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 retrain-
ing and as to whether they can continue perform-

(Continued from page 7) 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 con-
trols for the LAL test. 
 
Standard curve correlation coefficient 
 
The correlation coefficient of the standard curve 
should be examined for each test (where the require-
ment is for a correlation coefficient of 0.980 or 

(Continued on page 9) 
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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 be-
cause 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 re-
quirement is for the coefficient of variation to be 10% 

(Continued from page 8) 

or less or 25% or less (depending on the require-
ment 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 varia-
bility 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 var-
iability. 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).  

 
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 cal-
culating the standard deviation. This can be a 
standard deviation which measures the entire pop-
ulation (n) or one that measures a representative 

(Continued on page 12) 
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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 hydrochlo-
ride (A, 1-4); 2,2`-Dipyridyl (A, 5-8); Promethazine (A, 9-12); Nystatin (B, 1-4); Dodecyltrimethyl ammonium bromide (B, 5-
8); 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); 

(Continued from page 6) 

Table 3. Results from YeastOne® Antifungal susceptibility test 

(Continued on page 11) 
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Conclusions 
 
The results from above polyphasic characteriza-
tions 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 antifun-
gal 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. 
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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 de-
viation has been adopted, the C.V. becomes ex-
pressed 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 con-
verted into a percentage by multiplying the ob-
tained 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 oc-
curred during the preparation of the endotoxin se-
ries.  The controls are required to have an endotoxin 
level below that of the lowest endotoxin concentra-
tion within the standard curve (for the routine 

(Continued from page 9) 
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standard series, this is 0.005 EU / ml). This check is 
required by the pharmacopoeia. 
 
Summary 
 
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 as-
say 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 fall-
ing outside of the cut-off. This is avoided by setting 
limits below pharmacopoeial endotoxin specifica-
tions. 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 fol-
lowed; instead the article aims to provide some 
practical advice which could be considered if a la-
boratory has concern about dilution error or wishes 
to strengthen its internal quality control measures. 
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in 1992 by a small group of microbiologists in the pharmaceu-
tical industry. The goal of the organization was to provide a 
forum for microbiologists to exchange information on micro-
biology issues and to interact with USP and regulatory agen-
cies around the world. 
 
Today, the PMFList reaches over 4,000 microbiologists from 
more than 60 countries. It is lead by Scott Sutton, Ph.D. and 
aims to provide a voice of the working microbiologist on is-
sues in the pharmaceutical, OTC, biotechnology and personal 
products industries. 
 
The Newsletter Committee produces and publishes the PMF 
Newsletter. This publication is based on articles, questions, 
and answers contributed by the members and experts in the 
industry.  It has become a valuable source of information to 
the pharmaceutical microbiologist. 
 
The PMF also sponsors a public e-mail list with The Microbi-
ology Network (http://www.microbiologynetwork.com/). This 
e-mail list is devoted to topics of interest to microbiologists 
working in the pharmaceutical, cosmetics, biotechnology, and 
medical device industries. 
 
Those wanting to join the PMF should fill out the membership 
registration form: http://microbiologynetwork.com/
subscription_form.asp. 
 
For additional information, please contact Scott Sutton at 
scott.sutton@microbiol.org 

 
PMF is a not-for-profit scientific and educational organization 



The Microbiology Network 
 
(http://www.microbiologynetwork.com) was estab-
lished in 1996 and provides consulting, training ser-
vices  and webinars to industry.   Microbiology Net-
work 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 prov-
en, 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 

 

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 

 

USP Corner 
 

Any questions concerning USP documents 
should be sent to Radhakrishna (Radha) Tiruma-
lai, Ph.D. You can reach Dr. Tirumalai at: (706) 
353-4514, via mail at United States Pharmaco-
peia, 126 Twinbrook Parkway, Rockville, MD 
20852 or via e-mail at RST@USP.org. You can 
write representing your company, or as an indi-
vidual scientist. 
 
The Pharmacopeial Forum is now available for 
free online at http://www.usp.org/USPNF/pf/ 
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