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Evolution: PyroGene™ rFC Test Method 

PyroGene™ rFC is an innovative assay method for the detection 
of endotoxin that utilizes recombinant technology to deliver an 
elegant improvement on the basic LAL reaction. The PyroGene™ 
assay contains a recombinant form of Factor C (rFC), the 
endotoxin-sensitive protein that initiates the LAL clotting cascade. 
The rFC enzyme is activated by the binding of endotoxin, the same 
mechanism as the traditional LAL assay. It works through a single 
step endpoint assay that measures the enzymatic cleavage of a 
fluorogenic substrate.

PyroGene™ rFC does not use horseshoe crab blood as the raw 
material, offering the industry a reliable method for endotoxin testing 
that is not dependent on the animal. In 2009, 510(K) submissions 
were FDA-approved using PyroGene™ rFC as a final release test.

Advantages:

— Endotoxin-specific: rFC technology eliminates false-positive 
glucan reactions

— Predictable, reliable assay performance, lot-to-lot
— Sustainable resource – no animal utilization
— rFC assay is comparable to other quantitative LAL methods

Traditional LAL Test Methods

Since the Limulus Amebocyte Lysate (LAL) test was commercially 
introduced in the 1970s, it has become the industry standard for 
the detection of endotoxin in parenteral products and medical 
devices. After the LAL gel clot assay was introduced, a number 
of new methods have been developed over the years, and today, 
users have a choice of rapid and sensitive methods that suit most 
applications. 

However, due to its biological nature, all forms of the LAL assay still 
have several challenges that a user may encounter. These include:

— Lack of specificity for endotoxin with variable glucan reactivity
— Lot-to-lot variability
— Concerns regarding the use of an animal in the production of 

the product
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PyroGene™ rFC: How Does It Work?

In the PyroGene™ rFC assay, activated Factor C directly cleaves a 
fluorogenic substrate, producing a signal that can be read using a 
standard fluorescent plate reader. Due to the high dynamic range of 
the fluorescent signal, PyroGene™ rFC delivers a quantitative range 
of 10.0 EU/ml – 0.01 EU/ml in a single step, with better resolution 
than conventional kinetic LAL assays.  

Figure 1. The traditional LAL clotting cascade can be triggered by endotoxin or glucans. Figure 2. The rFC reaction is one-step, not triggered by glucans.

A Quantitative Fluorescent Assay 

The PyroGene™ rFC assay includes the rFC enzyme cloned from 
the horseshoe crab. The working reagent is produced by mixing 
the liquid format rFC enzyme, buffer and fluorogenic substrate, 
removing the traditional lysate reconstitution step. This allows for 
more flexible use of the kit components as the user only needs to 
prepare the reagent mix for the number of tests needed.

The PyroGene™ rFC method is a quantitative assay that is run 
on a 96-well plate incubated in a microplate reader at 37°C that 
measures fluorescence with excitation/emission wavelengths at 
380/440 nm. In the presence of endotoxin, activated rFC will cleave 
the fluorogenic substrate, causing the solution to fluoresce.
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Predictable Assay Performance 

The traditional LAL method is derived from proteins contained in 
the amebocytes (blood cells) of the horseshoe crab. Due to the 
biological nature of LAL, utilizing blood from the horseshoe crab 
introduces lot-to-lot variability. Differences between the blood 
of animals, seasonal changes and environmental factors all can 
contribute to the variability of the final product. 

Because PyroGene™ rFC is a clone of the horseshoe crab Factor C, it 
retains all of the endotoxin reactivity that LAL is known for. However, 
the cloning and downstream manufacturing procedures result in a 
reagent that contains only Factor C and none of the other factors 
found in the traditional LAL cascade. The end result is greater 
control, leading to a product that has greater lot-to-lot consistency.

Standard curves generated from different lots of PyroGene™ rFC show 
remarkable consistency. This translates into more reproducible 
results and less variable recovery values for your PPCs (Positive 
Product Controls) (Figure 3).

No Animal Utilization

The PyroGene™ rFC method does not use the blood of the horseshoe 
crab and offers an alternative to traditional LAL methods that will 
decrease the overall usage of the animal for endotoxin testing.

Comparable to Other Quantitative LAL methods

PyroGene™ rFC is equivalent to other photometric endotoxin 
detection methods that use LAL to detect endotoxin according to 
the parameters listed in United States Pharmacopeia (USP) chapter 
<1225> “Validation of Compendial Procedures.”  These parameters 
include specificity, linearity, precision, accuracy, and limit of 
detection.  The following are some of the results of our comparability 
studies .

Endotoxin Specific

Studies have demonstrated the ability of Factor C to selectively 
recognize and bind endotoxin. The PyroGene™ assay contains 
recombinant Factor C that is specifically activated by endotoxin.  
Unlike LAL, PyroGene™ rFC does not contain Factor G, which is 
reactive to glucans. In the LAL assays, the degree of reactivity of 
Factor G can be variable depending on the manufacturer and the 
formulation of the lysate. The PyroGene™ rFC assay does not react 
with glucans, thereby reducing false-positive results (Figure 4).
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Figure 4.  Comparison of glucan activity between kinetic chromogenic LAL and rFC. The 
false positive signal from the LAL assay is reduced in the presence of a glucan blocker. 
The rFC assay is endotoxin specific.
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Figure 3.  Endotoxin standard curves using 8 different lots of rFC. The log net fluorescence 
is proportional to the log endotoxin concentration and is linear in the 0.01 – 10 EU/ml 
range. Lot-to-lot standard curves exhibit excellent reproducibility.
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Response to Different Endotoxin Sources

Studies were conducted to demonstrate the ability of the PyroGene™ 
rFC assay to detect endotoxin.  

Figure 5  includes the results of a comparison between the responses 
of the rFC, kinetic chromogenic LAL and kinetic turbidimetric LAL 
photometric methods to different sources of purified endotoxin.  
Three assays were performed for each endotoxin and method 
combination.

From the results shown in Figure 5, the rFC method recognizes 
endotoxin from different source materials similar to other 
photometric procedures, demonstrating comparability to the LAL-
based methods.

Endotoxin Recovery Similar to Other Methods

To follow on the previous study, comparisons of the recoveries of 
known amounts of endotoxin were conducted.  A global, multi-center 
study included testing of ten pharmaceutical or related products 
with the kinetic chromogenic and rFC methods. 

The products tested in the multi-center study included items 
such as Water for Injection, Lactated Ringer’s Injection USP, 0.9% 
Sodium Chloride Injection USP, Erythropoietin, Albumin (Human) 
USP 25% Solution, Vancomycin HCl USP, and Hemodialysate.  Each 
product was spiked with 0.1 EU/ml of endotoxin and tested by the 
kinetic chromogenic and rFC methods by 3 analysts at 6 different 
locations.  Figure 6 illustrates the results of the recovery of the 
spike.  The percent recovery of the 0.1 EU/ml spike in all products 
(except Human Albumin) was within the current USP specification 
of 50 – 200% for both methods.

In an additional study, the recovery of an endotoxin spike of 0.1 EU/
ml in Water for Injection was measured by the kinetic turbidimetric 
LAL photometric method for comparison. The turbidimetric assays 
were conducted by 3 analysts at one location.  The results in Table 
1 show the similarity in the detected level of the endotoxin spike 
between the methods.

In summary, the recovery of endotoxin from water and the other 
tested products using the PyroGene™ rFC method is comparable to 
that of the LAL-based methods.
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Figure 5. Endotoxin potency of four purified lipopolysaccharide preparations as tested by 
multiple methods.

Chromogenic Turbidimetric rFC

Average EU/ml 0.092 0.112 0.105

Std. Dev. 0.009 0.009 0.012

Table 1.  Recovery of a 0.1 EU/ml endotoxin spike in Water for Injection as tested by 
multiple methods.

Figure 6. Recovery of a 0.1 EU/ml endotoxin spike in multiple products is comparable 
between methods.
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PyroGene™ rFC Standard Curves are Linear

An acceptable USP method must elicit results that are proportional 
to the concentration of the analyte being tested.  For an endotoxin 
test, the analyte is endotoxin and linearity is demonstrated by the 
correlation coefficient.

Table 2 summarizes the linear regression statistics from eighteen 
rFC standard curves generated by the multi-center study.  Each 
curve was comprised of four standards (0.01, 0.1, 1, and 10 EU/ml) 
in replicates of 3.

The correlation coefficients for all eighteen standard curves 
were greater than the U.S. FDA required 0.980 specification for a 
quantitative endotoxin detection test.

Innovation Is in Our Genes: Our Evolution

The endotoxin detection products manufactured at the Lonza facility 
in Walkersville, Maryland play an important role in helping to assure 
that only products which are safe from endotoxin contamination are 
released for consumer or patient use.

Lonza’s LAL endotoxin detection products have been available 
since the 1970s. For three decades, Lonza has been leading the 
way in innovation for endotoxin detection products,  methods and 
software.

The PyroGene™ rFC assay is the evolution of the LAL test.  Combining 
21st century technology with the horseshoe crab’s endotoxin 
sensitive protein, Lonza has developed an equivalent, reliable and 
sustainable endotoxin detection method for the future.

Standard curve 
characteristic

Mean CV%
Range

Min Max

Correlation 0.996 0.1% 0.995 0.998

Slope 0.865 1.9% 0.831 0.901

Y-intercept 3.398 1.1% 3.307 3.450

Table 2. Linear Regression Statistic Summary, based on 18 standard curves, by six analysts at six sites.
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Ordering Information 

The PyroGene™ Endpoint Fluorescent rFC kits are provided in 192- and 2,880-test kit configurations. The kits contain the rFC enzyme solution, 
rFC assay buffer, fluorogenic substrate, and matched endotoxin. The 192-test kit also includes LAL Reagent Water. The larger kit may require 
lead times for production.

Requirements

— Incubating fluorescent microplate reader
— WinKQCL™ software
— Pyrogen-free dilution tubes
— LAL reagent grade 96-well plates
— LAL Reagent Water (for larger kits)

Kit Configurations

Catalog No. Sensitivity (EU/ml) No. of Tests Contains

50-658U 0.01 to 10 192 2 x 96 tests/vial rFC enzyme solution
2 x 6 ml vial fluorogenic substrate
2 x 5 ml vial rFC assay buffer
2 x 10 ng/vial endotoxin
2 x 30 ml vial LAL Reagent Water

50-658NV 0.01 to 10 2,880 30 x 96 tests/vial rFC enzyme solution
30 x 6 ml vial fluorogenic substrate
30 x 5 ml vial rFC assay buffer
10 x 10 ng/vial endotoxin

Accessory Items

Catalog No. Name Description

25-344  FLx800™ Reader Incubating Fluorescent Reader

00189910 WinKQCL™ 4 Software Package CD, Software Manual and License Agreement*

00189921 WinKQCL™ 4 Standard License Agreement Additional License Agreement

00189922 WinKQCL™ 4 Qualification Manual IOPQ for Endotoxin Detection Systems

00189923 WinKQCL™ 4 Validation Package CD containing software validation documentation

25-339S System Qualification Service Labor expenses only

N207 Pyrogen-free Test Tubes Without caps, 13 x 100 mm, 30 per foil pack

25-340 LAL Reagent Grade Multi-well Plates Pack of 50, <0.0005 EU/well

25-364 LAL Reagent Reservoirs Pack of 10

25-415 Eppendorf® 2-200 μl BioPur Pipette tips 5 x 96 tips

25-417 Eppendorf® 50-1,000 μl BioPur Pipette tips 5 x 96 tips

W50-100 LAL Reagent Water 100 ml, <0.005 EU/ml

W50-1000 LAL Reagent Water 1,000 ml, for medical devices

W50-500 LAL Reagent Water 500 ml, <0.005 EU/ml

W50-640 LAL Reagent Water 30 ml, <0.005 EU/ml

Standard curve 
characteristic

Mean CV%
Range

Min Max

Correlation 0.996 0.1% 0.995 0.998

Slope 0.865 1.9% 0.831 0.901

Y-intercept 3.398 1.1% 3.307 3.450

Table 2. Linear Regression Statistic Summary, based on 18 standard curves, by six analysts at six sites.

* License agreement includes license to load software on all computers connected to one WinKQCL™4 network database and to connect to one instrument. 
Each additional instrument connected to the network that communicates with WinKQCL™ software will require an additional license.
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Lonza Walkersville, Inc. 
Walkersville, MD 21793

FLx800™ is a trademark of Biotek Instruments, Inc. Eppendorf® is a trademark of Eppendorf AG.

Unless otherwise noted, all trademarks herein are marks of the Lonza Group or its affiliates.
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any existing patent.
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