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��������		 To develop the analytical methods to characterize the concentration, 
identity, purity, enzymatic activity, and potency of L-DOS47.

Background
L-DOS47 is a novel drug candidate for the treatment of lung adenocarcinoma.  
L-DOS47 is the conjugate of a single domain antibody, AFAIKL2, and the plant 
enzyme urease, purified from Jack Bean.  The AFAIKL2 antibody recognizes a 
domain of the carcinoembryonic antigen-related cell adhesion molecule 6 
(CEACAM6-A) and, thereby, localizes L-DOS47 to lung tumors.  The enzymatic 
activity of urease converts endogenous urea to ammonia, which has both a 
cytotoxic effect on the tumor and surrounding tissue and raises the pH, which 
inhibits the growth of the tumor.  
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The conjugation reaction used to 
produce L-DOS47 generates an 
ensemble of species with varying 
amounts of conjugated antibody.  
Consequently, it is difficult to calculate 
an extinction coefficient for L-DOS47 
based on the sum of the absorbances
due the antibody and urease without 
prior knowledge of the average 
conjugation ratio.  Instead, a total protein 
assay was developed based on Sigma®
Total Protein Kit, Micro Lowry, Onishi & 
Barr Modification, and adapted for use 
on a 96-well plate reader. The data from 
a typical assay are shown in Figure 1.  
The test sample (yellow cells) was 
assayed along with a 2.0 mg/mL bovine 
serum albumin (BSA) (blue cells) 
standard the 2.3 mg/mL L-DOS47 
reference material (green cells) to 
confirm the results of the assay. BSA 
standards of known concentration (pink 
cells) are used to generate a standard 
curve (Figure 2) that is used to analyze 
the test results and determine the total 
protein content of the L-DOS47 sample 
(Figure 3).  This modified Micro Lowry 
assay is used to measure the protein 
concentration of the drug substance and 
the protein content of the drug product.

Figure 1 – Data read from Micro Lowry plate

Figure 2 – Standard Curve for Micro Lowry assay

Figure 3 – Analysis of Micro Lowry data

Identity of L-DOS47 using 
Isoelectric Focusing (IEF)
L-DOS47 produces a complex IEF banding pattern, 
most likely due to variability of the conjugation reaction 
that adds the AFAIKL2 antibody to the urease subunits.  
An IEF method was developed using the Invitrogen™
Novex® pre-cast vertical IEF mini gels.  As shown in 
Figure 11, the IEF patten of L-DOS47 (lanes 3 and 5) is 
distinct from the urease (lane 7) and the AFAIKL2 
antibody (lane 9).  The pI of each species can be 
determined by comparison with the Serva IEF 3-10 
markers loaded in lanes 1 and 10.  The IEF pattern is 
used for the identity of the L-DOS47 drug substance 
and drug product.   

Figure 11 – IEF gel of L-DOS47, urease, 
and the AFAIKL2 antibody domain

Identity of L-DOS47 using Capillary Gel Electrophor esis
L-DOS47 produces a characteristic pattern a peaks resulting from the varying levels of conjugation on 
the urease subunits.  The urease enzyme is composed of six identical 91 kDa subunits.  In the presence 
of sodium dodecyl sulfate (SDS), the subunits dissociate and distinct peaks are detected for the urease
subunits with 0, 1, 2, 3, or 4 conjugated antibodies (Figure 4). Additionally, the conjugation reaction 
produces some chemically cross-linked subunits that are detected at later migration times (Figure 4).  
Due to the larger number of combinations when two subunits are cross-linked, the peaks associated 
with the cross-linked subunits are not well resolved and appear as a broad distribution.  An overlay of 
the test L-DOS47 sample and the L-DOS47 reference material is useful for lot-to-lot comparisons 
(Figure 5).  The CGE method is used for the identity of the L-DOS47 drug substance and drug product.

Subunits with 
conjugated 
antibodies

Chemically
cross-linked 
subunits

Figure 4 – CGE electropherogram of L-DOS47 
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Figure 5 – Overlay of electropherograms of L-DOS47 
reference and test samples

Determination of the Conjugation Ratio using an 
Experion™ Automated Electrophoresis System
The average conjugation ratio of the AFAIKL2 antibody to the urease enzyme can be determined from the 
peak areas in the electropherogram obtained using the Experion™ automated electrophoresis system.  
The Experion™ automated electrophoresis system, with the Pro260 analysis kit, uses LabChip
microfluidic technology to perform automated separation, staining, destaining, detection, and molecular 
weight analysis on a disposable chip (Figure 7).  Each Pro260 chip contains a series of wells connected 
by a network of microchannels that are primed with a gel solution before the samples are directed into 
them and analyzed.   In the presence of SDS, the urease subunits of L-DOS47 that have been conjugated 
with 0, 1, 2, 3, or 4 AFAIKL2 antibodies can be detected and quantified (Figure 8).  Using Equation 1, the 
conjugation ratio can be calculated based on the peak areas of the peaks shown in Figure 8.  The 
Experion™ software can display the data in the form of a tradition SDS-PAGE gel, a “virtual gel”.  A virtual 
gel showing urease (the unmodified form of L-DOS47) and L-DOS47 samples prepared with varying 
conjugation ratios is shown in Figure 9.  In lane 1, a band is detected at the molecular weight of a urease
subunit.  In lanes 2-6, conjugation of the urease subunits with the AFAIKL2 antibody produces a pattern of 
bands spaced apart by the molecular weight of an AFAIKL2 antibody.  As the conjugation ratio increases, 
the number and intensity of higher molecular weight bands increases.  Table1 shows the conjugation 
ratios of the samples in Figure 9 that were determined using the Experion™ system.

Electropherogram of L-DOS47

Conjugation ratio = 6*(PK 1*0+PK2*1+PK3*2+PK4*3+PK5*4)/(PK1+PK2+PK3+PK4+PK5).
Where, PK i (i=1-5) is the corrected peak area of the urease sub unit linked with i antibodies. 

Figure 8 – Electropherogram of L-DOS47 obtained using  
the Experion™ automated electrophoresis system

Equation 1 – Calculation of the conjugation ratio

Figure 9 – Virtual gel of L-DOS47 
samples with varying conjugation ratios

Table 1 – The conjugation ratios of 
L-DOS47 samples determined using 
the Experion™ system
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Virtual Gel

An ELISA method for the determination of 
the relative potency of L-DOS47 samples

Figure 10 – Detection Using ELISA Assay 
for L-DOS47 Samples with Varying 
Conjugation Ratios

Concentration of L-DOS47 ( �� �

An ELISA method was developed to measure the relative potency of L-DOS47 samples.  In 
the assay, a 96-well plate was coated with the CEACAM6-A antigen and incubated with 
control and test samples of L-DOS47.  The single domain antibody fragment, AFAIKL2, that 
is conjugated to the surface of L-DOS47 is specific for CEACAM6-A  and is responsible for 
the L-DOS47 binding activity.  A primary antibody, an anti-urease rabbit IgG conjugate, was 
used to detect the bound L-DOS47.  A secondary antibody, a goat polyclonal anti-rabbit IgG-
alkaline phosphatase conjugate, was then used to detect the bound primary antibody. 
Incubation of the bound secondary antibody with a substrate, pNPP, caused a color change 
in the solution that was detected at 405 nm.  Comparison of the sample wells with the 
standard curve, a serial dilution of the L-DOS47 reference standard, allowed for the 
determination of the relative potency of L-DOS47 samples based on the potency of the L-
DOS47 reference standard. The potency of L-DOS47 depends on the level of conjugation 
with the AFAIKL2 antibody.  Figure 10 shows the amount of detection in the ELISA assay, 
relative to a standard curve of L-DOS47 reference material, that was produced by L-DOS47 
samples with varying conjugation ratios.  In Table 2, the conjugation ratios and the 
corresponding binding potencies, relative to the L-DOS47 reference standard, are shown.
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Table 2 – Relative Potencies of L-DOS47 
Samples with Varying Conjugation Ratios

Determination of the purity of L-DOS47 samples 
using size-exclusion chromatography (SEC-HPLC)

A size exclusion chromatography HPLC (SEC-HPLC) method was developed for the determination of the purity of L-DOS47 
samples.  Aggregation of L-DOS47 is a major source of impurity.  As shown in Figure 6, the pH of the buffer is critical for the 
stability of the protein.  An aggregate species readily forms when the pH is below 6.5.  The samples in Figure 6 were measured 
by SEC-HPLC immediately after the pH was adjusted.

Figure 6 – SEC-HPLC chromatograms showing 
increased aggregation of L-DOS47 at low pH
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Determination of the enzymatic 
activity of L-DOS47 samples 
using a colorimetric assay

The enzymatic activity of L-DOS47 was measured using a 
colorimetric assay based on the Bertholet reaction and adapted 
to a 96-well plate format.  Test samples of L-DOS47 were 
incubated with urea, during which L-DOS47 enzymatically
converted urea to ammonia.  After a controlled amount of time, 
the reaction was quenched with acid and aliquots from each well 
were transferred to another plate for development. Phenol-
hypochlorite was added to the sample well, which reacts with 
ammonia to produce indophenol blue and gives a colorimetric 
response that is linearly dependent on the amount of ammonia in 
the sample (see Figure 12).  Aliquots of wells containing a serial 
dilution of an ammonia standard were simultaneous developed 
for the accurate quantitation of the amount of ammonia produced 
by L-DOS47 during the reaction period.  An example of the data 
is shown in Figure 13.  The pink cells are the ammonia standards
that were used to generate a standard curve (Figure 14).  The 
white cells are used as a blank to subtract the absorbance of the 
plate.  The blue and yellow cells are from sample control wells 
that contain all reagents, but were quenched before the 
enzymatic reaction could proceed.  The green and purple cells 
are the L-DOS47 reference standard and test sample,  
respectively.  An analysis of the data is shown in Figure 15.

Figure 12 – Image of the 
96-well plate used to 
perform the enzymatic 
assay

Figure 13 – Data from read from the plate 
following the colorimetric detection of ammonia

Figure 14 – Standard curve used to quantify the 
amount of ammonia based on absorbance at 650 nm

Figure 15 – Analysis of the enzymatic activity assay  data

Conclusions
Analytical methods have been successfully developed to 
support the manufacture and release of L-DOS47 and 
subsequent stability studies.  
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