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Svensk sammanfattning 
 
En ny metod för att kvantifiera mängden DNA i processprover har tagits fram. Den är 
utvecklad för att på kort tid kunna analysera ett stort antal prover under 
processutvecklingssteget för rening av proteinläkemedel producerade i djurceller. 
 
Metoden bygger på att underlätta och optimera förstärkningsfasen av den låga DNA-
koncentrationen i en qPCR-reaktion. 
 
Den nyframtagna metoden är snabbare än den befintliga som bygger på DNA-extraktion och 
innehåller färre manuella steg. Noggrannheten och lägsta kvantifieringsgräns är inom önskat 
område och uppfyller därmed sitt syfte att kvantifiera DNA i ett processprov. 
 
Genom att späda ut proteinprovet för att ta bort inhiberande effekt av proteinet, inhiberande 
effekt av bufferten eller av att proteinet aggregerar när det värmts upp, samt genom att 
använda ett proteas för att klyva proteinet i mindre bitar kan DNA koncentrationen mätas och 
kvantifieras. Den enkla och standardiserade metoden är som följer; späd proteinet, använd 
proteinase K för proteolys samt utför en qPCR-analys. 
 
Metoden fungerar som en relativ kvantifieringsmetod där provet analyseras med ett känt 
standardprov. Ett för syftet tillräckligt låg DNA-koncentration, 0.05 ng/ml, kan kvantifieras 
med tillfredställande noggrannhet. 
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Abstract 
 
A new method for quantifying the DNA in process samples has been developed. It is 
developed with the main purpose to manage a high throughput of samples, during the process 
development step for purification of proteins made in mammalian cells. 
 
The principle of the method is the pre-treatment of the protein sample performed to facilitate 
the amplification process of DNA during qPCR. The pre-treatment removes the inhibiting 
effect of the high protein concentration.  
 
The method is faster than the previous method based upon DNA extraction, and includes 
fewer manual steps. The accuracy and the limit of quantification of the method fulfill the 
purpose to quantify DNA in a process sample. 
 
By diluting the protein sample to remove the inhibiting effect by the protein, the inhibiting 
effect by the buffer or by the protein aggregating when heated up, and by using a protease to 
induce proteolysis and cut the protein into smaller pieces, the DNA could be measured and 
quantified. This simple standardized method is as follow, dilute the protein, use proteinase K 
for proteolysis, and perform a qPCR. 
 
The method works as a relative quantification method, where the sample is analyzed together 
with a known standard sample. A DNA concentration low enough for its purpose, 0.05ng/ml, 
can be quantified with sufficient accuracy. 
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Abbreviations 
 
PCR   Polymerase Chain Reaction 
qPCR  quantitative Polymerase Chain Reaction 
ct   Cycle threshold 
BSA   Bovine Serum Albumin 
IgG  Immunoglobulin G 
PBS   Phosphate Buffered Saline 
CHO   Chinese Hamster Ovary (cell line) 
PS1  Protein Sample 1 
PS2   Protein Sample 2 
dsDNA  double stranded DNA 
ssDNA  single stranded DNA 
SDS-PAGE   Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis 
gp23   T4 gene 32 protein 
NTP   Nucleoside TriPhosphate 
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Introduction 
 
In the field of medicine, a branch that has gained a larger part of the market lately and is still 
expanding is the branch of protein pharmaceuticals1. Antibodies can be used to efficiently 
treat and cure diseases, and are commonly produced in mammalian cells. In the production of 
pharmaceuticals a defined pureness has to be achieved. The demands from regulatory 
agencies such as FDA (USA) or Läkemedelsverket (Sweden) are very strict. There are rule 
sets and constraints coming from the government, and different unions and organizations are 
controlling products that are going to be released on the market. A company creating, 
producing and manufacturing a pharmaceutical product is bound to follow all restrictions that 
exist in the country they want to sell their product in. The reason is the health and safety of 
the user. It is of great importance that a pharmaceutical is strictly specified and verified when 
it is out on the market, to help and to protect the customer. Therefore, a pharmaceutical 
company has to be able to ensure that a product is perfectly safe to use, and they have to be 
able to show exactly what a drug substance consists of, how pure it is and describe every 
single step in the development and production process.  
 
When using mammalian cells in the production of protein pharmaceuticals, the amount of 
host cell DNA in the product has to be considered2. There is so far no direct evidence for that 
host cell DNA could be harmful to an individual taking the protein pharmaceutical. However, 
the amount of host cell DNA has to be measured and quantified due to the fact that it might be 
harmful. It counts as an impurity that has to be known. FDA has stated that the residual host 
cell DNA must not exceed 0.1 ng/therapeutic dose, while the World Health Organization, 
WHO, suggests that a higher level should be acceptable, 10 ng/therapeutic dose2, 3. There is 
however no fixed value for protein pharmaceuticals and the critical level is decided from case 
to case according to what the possibilities are concerning purification of the pharmaceutical 
and concerning the methods to measure and analyze the DNA concentration. 
 
In the purified protein product the amount of host cell DNA is much lower than the amount of 
the protein, up to 10^9 in concentration. Any method developed to quantify the DNA in the 
sample therefore has to be very sensitive and has to be able to detect the DNA despite the 
high protein concentration. This report will describe how a new method to detect, measure 
and quantify host cell DNA is developed. The DNA quantification method could rest upon 
any known principle; for example PCR, spectrophotometry or colorimetry. As shown later in 
this report, the PCR principle showed very promising results early in the study. The focus of 
this report turns according to that to how to prepare the protein samples to gain even better 
amplification in the PCR reaction. 
 
As mentioned, the main problem when analyzing the protein sample is that the concentration 
of DNA is very low compared to the protein concentration. A common method to amplify 
DNA to a measurable level is the PCR reaction, and qPCR constitute an important method to 
quantify the DNA. The protein concentration is directly affecting the ability to use qPCR to 
amplify and analyze the DNA. High concentration of protein leads to coagulation and 
aggregation of the proteins when heated by the PCR device, preventing the DNA from 
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amplifying. The polymerase does not get in physical contact with the DNA template due to 
the sterical hindering by the coagulated protein. 
 
The current in-house method to prepare the sample for the PCR reaction is built upon DNA 
extraction. Extraction means that the DNA is taken out from the sample. Through stepwise 
usage of different buffers, and by spinning down the solution over a membrane each time, the 
DNA fragments can be captured and later eluted and collected from the membrane. The DNA 
extraction method fulfills its purpose, which is to prepare the protein samples for 
amplification by a PCR reaction, in a manner that the host cell DNA can be measured and 
quantified in an accurate and statistically proven fashion. In different stages during a 
development process for purification of proteins, there are different demands that have to be 
taken under considerations. In an early stage there are lots of samples being tested. The DNA 
concentration is relatively high and the buffers are varied. Focus lies on the speed, throughput 
and robustness. Not so much on accuracy or limit of quantification. 
 
In later stages however, when coming to the analysis of drug substances or drug product there 
are few samples with low DNA concentration and less varied buffers. The DNA concentration 
has to be determined very precisely. The extraction method is well suited for this. It makes the 
amplification process accurate and gives it a relatively low limit of quantification. In this 
stage the extraction method works well despite the fact that it is relatively time consuming 
and includes many steps that have to be handled manually. 
 
A protein pharmaceutical produced in a cell has gone through different purification steps and 
are relatively clean. To be able to quantify the low amount of DNA, it has to be removed from 
the PCR inhibiting proteins. This can be done through extraction of the DNA, or by 
proteolysis of the protein. One purpose with this study is to improve the existing possibilities 
to amplify DNA and make it suitable for the beginning of the purification process 
development. In many previously published studies the focus lies on how to facilitate the 
amplification process when the samples are much more complex. For example when 
examining waste water for DNA contamination or at a crime scene when analyzing a material 
for DNA. 
 
In the article “Relief of amplification…”4 the two proteins BSA and gp32 are shown to 
facilitate the amplification process when the reaction mixture contains known inhibitors like 
hemin, fulvic acids, humic acids, tannic acids, or extracts from feces, freshwater and marine 
water. It is also stated that when there are no inhibitors present, no facilitation occur when 
adding BSA or gp32.  In the article” Pre-PCR…”5 many different preparations of the sample 
mixture are proposed to facilitate the amplification process and to give better results. The 
approaches are separated into four different groups; biochemical, immunological, physical 
and physiological methods are described. The article focuses mostly on how to amplify and 
increase the number of whole cells that have the DNA sequence that is to be amplified, or 
how to get the cells out from the inhibiting mixture. The methods for analyzing the low DNA 
amount could be DNA extraction (biochemical), antibody-coated magnetic beads to capture 
whole cells that have the desired DNA sequence (immunological), an aqueous two-phase 
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system to separate the whole cells from the inhibitory substances (physical) or to grow cells or 
cell components to increase the concentration (physiological).  As seen, the methods rest upon 
the principle to take out DNA or whole cells from a sample, to separate them from the 
inhibiting environment, or to make the cells with the desired DNA sequence multiply. In this 
study, there are no whole cells. There is only DNA and protein in a solution and the only 
contaminant that has to be removed to facilitate the amplification process is the protein. 
 
Possibly the protein sample that is to be analyzed contains a buffer that can affect the 
amplification. The protease used is relatively un-sensitive to pH and salt concentration. 
However, when having protein sample with relatively low concentration of protein, the 
sample does not have to be diluted. In that case, if there is some buffer effect, it would play an 
important role for the outcome of the PCR reaction.  
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Aim of the study 
 
The purpose of this study is to develop a method to measure and quantify host cell DNA in 
process samples during the purification process development. The method should be faster 
than the existing one built upon DNA extraction combined with qPCR to manage a large flow 
of samples. The demands on this new method, concerning detection limit and accuracy in a 
process analysis, are less rigid than in the in-house method. 
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Background 
 
One approach to remove the PCR-inhibiting effect of protein contaminating the sample is to 
dilute the sample. However, when the sample is diluted not only the protein concentration, but 
also the DNA concentration decreases. That makes the DNA even more difficult to quantify. 
Having a sample of protein and DNA, one approach that differs from the common method to 
extract out DNA from the sample would be the contrary, to remove or degrade the inhibiting 
protein from the sample. The degradation can be done with the use of a protease to induce 
proteolysis, to prevent the proteins from inhibiting the PCR amplification. 
 
An antibody has a molecular weight of approximately 150 kDa. The idea behind the approach 
presented in this report is that the relatively large protein would physically block and hinder 
the polymerase to get in contact with the ssDNA during the amplification process in the PCR. 
By cutting the protein into smaller fragments the polymerase would get in better contact with 
the DNA template enhancing the amplification process further, see figure 1. 
 

 
Figure 1. Left: Large protein preventing the polymerase from getting in contact with the DNA 
template. Right: Short protein fragments not preventing the polymerase from getting in 
contact with the DNA template. 
 
If the presence of a protease is combined with diluting the sample there are four factors 
variable to increase the protein degradation and subsequently make the PCR reaction more 
efficient. The concentration of the protein, the concentration of the protease, the time the 
protease is active and which protease to use.  In the extraction method Proteinase K is used as 
protease. It is very well suited due to the fact that it is relatively un-sensitive to changes in pH, 
salt concentration and temperature. It has a molecular weight of approximately 29 kDa, a fifth 
of the size of IgG. Also, Proteinase K is very efficient; given enough time it degrades the 
protein down to single amino acids. 
 
PCR/qPCR 
The principle of PCR is based on the fact that exponential growth can amplify a single, 
undetectable DNA chain into multiple chains possible to measure. The mathematical 
correlation makes it possible to count back from the point when it is possible to measure the 
DNA amount, revealing how much DNA it was from the beginning. A PCR device is an 
instrument that is able to change the temperature quick and precise. In each well on the PCR 
plate the template, the DNA sequence that is to be amplified, is added. For the amplification 
to occur, primers, the different NTPs and a polymerase, have to be added. 
 
There are different polymerases out on the market that can be used to polymerize the new 
DNA strand. The original and most widely used is the Taq polymerase6. Thomas D Brock 



 

isolated
not unti
prize7. T
namely 
Properti
elongati
 
The prim
decides 
DNA fr
importa
They ar
strand, a
specific
possible
in the m
 
The PCR
then low
into two
the long
because
the poly
identica
two. 
 

d the polyme
il 1987, Kar
The polyme
it is thermo
ies importan
ion rate, the

mer constitu
where the p

ragments tha
ant to be abl
re usually ei
and the othe

c for a uniqu
e even if oth

mixture8.  

R device sta
wering the t
o ssDNA. W
g DNA stran
e the primer
ymerase star
al to each ot

erase 1965 f
ry Mullis in
erase posses
ostable.  Dif
nt when cho
e processivit

utes an imp
polymerase
at will be am
le to quantif
ight to 20 nu
er one anne
ue DNA seq
her DNA se

arts one cyc
emperature

When loweri
nds than the
rs always ex
rts to polym
ther. The de

from the ho
vented the t

sses one of t
fferent poly
oosing polym
ty and the f

ortant and c
 starts to po
mplified. A 
fy the DNA
ucleotides l
als to the 3’

quence, the 
equences, sh

cle with rais
 to 600C. Th
ing the temp
e two long D
xist in exces
merize the co
evice then ra

ot-spring liv
technique o
the most im

ymerases hav
ymerases is;
fidelity. 

critical role 
olymerize th

specific an
A in an accur
long, one of
’ end of the 
amplificatio

hort fragmen

sing the tem
he higher te
perature the
DNA strand
ss9. When th
omplementa
aises the tem

ving bacteriu
of PCR, whi
mportant pro

ve different
the half-life

in the PCR
he new DNA
nnealing of t
rate manner
f them anne
antisense s

on of the de
nts or the w

mperature up
emperature 
e small prim
ds to each ot
he device ke
ary DNA st
mperature a

um Thermu
ch later gav
perties for w
t advantages
fe at 95 degr

R. The design
A strands an
the primer t
r6. One prim
als to the 3’
trand7. Sinc

esired DNA 
whole cell ge

p to 95 degr
makes the d

mer would h
ther. This oc
eeps the tem
trands givin
gain and sta

us aquaticus
ve him a No
working in 
s and drawb
rees Celsius

n of the prim
nd therefore
to the templ

mer pair is u
’ end of the 
ce the prime

A sequence i
enome, are p

rees of Cels
dsDNA sep
hybridize fas
ccurs prima

mperature at
ng two dsDN
arts cycle nu

 

11 

. But 
obel 
a PCR, 
backs. 
s, the 

mer pair 
e what 
late is 
used. 

sense 
ers are 
s 
present 

ius, and 
arate 
ster to 
arily 
t 600C, 
NA 
umber 



12 
 

Figure 2.The first cycle of a PCR reaction. The higher temperature makes the two DNA 
strands separate. The lower temperature makes the primers hybridize to the DNA strands. 
The polymerase starts to elongate the primers. 
 
There are mainly two usages of PCR. The first one is to detect DNA. If no DNA is detected 
after the PCR run, there was no DNA from the beginning and vice versa. The second usage is 
to amplify a gene or a gene sequence for later purpose. When investigating a gene, which 
protein it is coding for, what effect it has and how it is coupled to other genes it is common to 
amplify the gene with a PCR reaction. However, the basic PCR cannot be used to quantify or 
measure the amount of DNA. For that, qPCR is used. 
 
qPCR is a variant of PCR where the amount of DNA is measured after each amplification 
cycle. Included in the qPCR device is an optical mechanism reading the sample to generate 
the results. When having a traditional PCR run, the amount of DNA is estimated after the run, 
which often consists of 40 cycles. The drawback with this procedure is that to be able to count 
back how much DNA it was in the sample from start, the efficiency of the process has to be 
known. In theory, each DNA chain doubles each cycle. After 40 cycles every chain give cause 
to 2^40 DNA chains. So if the efficiency is not known, the result of the PCR gives the wrong 
DNA amount. 
 
To be able to measure the DNA amount a reporter is used. The reporter is a special molecule 
that gives away a signal measurable and proportional to the amount of DNA present. In this 
study the reporter used is SYBR Green. When SYBR Green is free in the solution it does not 
fluorescence. However, when the un-specific probe is bound to DNA it starts to fluorescence 
when exited by light and give rise to a measurable signal proportional to the amount of DNA. 
The PCR device lights every well on the plate and measure the resulting signal presenting the 
level of the signal in a computer program. However, when measuring the amount of DNA 
after each cycle the result is more reliable. When running the qPCR process using a relative 
quantification method, a standard curve has to be done at first. Samples with known DNA 
concentration are added to the wells. For each well in the PCR plate, the computer program 
draws a curve of the fluorescence signal after each cycle, see figure 3. 
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When having an unknown sample, the same threshold value is chosen, generating a ct-value 
that when compared to the standard curve gives information about the DNA concentration.   
After 40 cycles are done, a dissociation curve is made. The reason for that is to verify if the 
signal comes from a specific product or from by-products. SYBR Green is an un-specific 
probe, binding to all dsDNA. The ct-value indicates only when the signal from SYBR Green 
is strong enough, not from which DNA sequence it originates from. To ensure there are no 
by-products among the enhanced DNA the PCR device raises the temperature slowly, reading 
all the wells measuring the fluorescence. Different molecules will melt at different 
temperature, stopping SYBR Green from fluorescence.  If a specific probe is used as a 
reporter, the signal detected comes only from the DNA molecule that was to be amplified. 
There is no reason to draw a melting point curve, since no information about the by-product 
can be given. 
 
SDS-PAGE 
A common and useful method to analyze a protein solution is SDS-PAGE. The principle of 
SDS-PAGE is basically divided into two parts; the first part is to denature all proteins and 
give them a charge directly proportional to their molecular weight. The second part is to add 
the denatured proteins to an acrylamide gel, put a potential over the gel and make the proteins 
move according to size. 
 
When the detergent SDS is added to a protein solution, the proteins will denature and lose 
their quaternary, tertiary and some of their secondary structure. The anionic detergent disrupts 
most of the non-covalent interactions within the proteins9. This is done to remove the effect of 
the different three dimensional structures of the proteins when moving through the gel. 
Otherwise the advanced structures of the proteins could make two proteins with the exact 
same molecular weight, but with different structures migrate with different velocity through 
the gel. SDS does not remove all the disulfide bonds; therefore mercaptoethanol is added to 
reduce them. The dodecyl sulfate ions are negatively charged, binds to and adds a negative 
charge to all proteins. The charge is so much larger that the proteins own charge does not 
affect the total charge. The charge is then proportional to the size of the protein, and the fact 
that all proteins now have the same three dimensional structures makes it possible to separate 
them based on only their size. 
 
In the gel electrophoresis step, the denatured protein solution is added in the wells of a gel 
that consists of lots of differently sized pores and differently shaped tunnels that the proteins 
and the protein fragments could migrate through. When adding a voltage to the gel, the 
negatively charged proteins are pulled from the negative to the positive pole. Larger proteins 
migrate slower than small proteins. In one of the wells in the gel, a molecule weight marker is 
added. That is a solution with protein fragments with known molecular weight; so that the 
pattern of the un-known samples could be compared to the known, giving the answer which 
size the protein fragments have in the un-known sample. When the electrophoresis is done, 
the gel has to be washed and stained. The staining solution makes the protein fragments dyed, 
and leaves the gel transparent through that the staining dye binds the proteins. See Figure 5. 
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Figure 5. A typical SDS-PAGE stained with Coomassie Brilliant Blue. Well number 5, 15 and 
25 counted from the left are a molecular weight marker. 
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Material and methods 
 
qPCR 
The protein solution is diluted, with PBS or with water free from nucleases down to the 
desired concentrations. The DNA standard is diluted with water free from nucleases down to 
all the desired concentrations. The protease is diluted with water free from nucleases down to 
the desired concentrations. 100 µl protein solution is mixed with 20 µl DNA standard, 10 µl 
protease and 70 µl of water free from nucleases, to reach the total volume of 200 µl. The 
mixtures are incubated at 560C for different time periods. Then the protease is inactivated at 
990C for 5 minutes. The mixtures are then applied to a PCR plate, and the mix with primers, 
polymerase, NTPs and reporter is added to each well.  
 
The PCR device used is Applied Biosystems 7500 Real Time PCR system. The software is 
7500 System SDS Software v.1.4.0.25. The PCR plate used is 96 Well Optical Reaction Plate 
from Applied Biosystems. ROX Low is used as a reference to measure that every well has the 
same amount of reagents. KAPA SYBR Green is used as a reporter. The primer pair NV1is 
used: 
 
NV1_F 5’-ACAGGTTTCTGCTTCTGGCT-3’ 
NV1_R 5’-CATCAGCTGACTGGTTCACA-3’ 
 
The primers have minimal homology to sequences within the genome of mouse, rat and 
human and are very specific to hamster DNA10.  The primer is designed to ligate to the DNA 
sequence that is to be amplified. In this study the protein is produced in CHO cells. Therefore 
the primer is developed to ligate very specifically to CHO DNA10. The primer is tested 
against human DNA to avoid that it could ligate to any human DNA sequence. This is very 
important to be sure that the fluorescence signal generating the results only comes from CHO-
derived DNA and not from any contamination of human DNA.  
 
SDS-PAGE  
The protein solutions are diluted with water free from nucleases down to the concentration 1.5 
mg/ml. 10 µl of each sample is added to a well on the gel, and 10 µl of a special sample 
cocktail is applied to every well. The cocktail consist of for example mercaptoethanol and 
sodium dodecyl sulfate. The voltage is applied to the gel. When the electrophoresis is done, 
the gel is automatically cleaned and stained. Four different solutions are used in the process. 
TCA is used to fixate the protein fragments, copper wash to clean the gel, staining solution to 
stain the protein fragments, and impregnation solution to impregnate the gel. 
 
The gel used in the SDS-PAGE is a polyacrylamide gel from GE Healthcare, Excel Gel SDS 
Homogeneous 7.5 or 12.5. The Marker used is SERVA Recombinant SDS-PAGE Protein 
Marker 10 – 150 kDA. The staining dye used is Coomassie Brilliant Blue, which gives the 
protein fragments a blue or purple color. The TCA fix consist of trichloroacetic acid. The 
copper wash consists of CuSO4 and MeOH. The staining solution consists of CuSO4 and 
Coomassie Brilliant Blue. The impregnation solution consists of ethanol and glycerol. 
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Method optimization 
Through carefully designed and monitored experiments, qPCR or SDS-PAGE,  and by 
different setups a new method is presented. A first step is to investigate if the use of a protease 
affects the amplification process in a PCR reaction. Different protease concentrations, 
different working times, protein concentrations, DNA concentrations and different buffer 
compositions are used to reveal if this method could be used, in which stages during the 
process development it can be used and how to configure it to accomplish the best results 
possible. Also, an amplification facilitator is added to see if the fluorescence signal generates 
a lower ct-value. See appendix for details about every experiment done. The different 
parameters were tested as described below; 
 
Protein concentration 
The protein used is a purified antibody, IgG with the concentration 17.4 mg/ml. This 
concentration is relatively high, too high to use in a PCR reaction. When heated up the protein 
would coagulate and aggregate and cannot be used. Therefore protein concentrations between 
4.35 mg/ml and 4.35µg/ml were tested. The protein is diluted with 1xPBS. To investigate the 
buffer effect the protein is diluted with water free from nucleases and analyzed with qPCR. 
 
Protease concentration 
The protease is also a protein and can inhibit the PCR amplification. Therefore the 
concentration of the protease should be kept as low as possible. The concentration of the 
protease is almost as high as the protein concentration before dilution. In this project the 
protease concentrations used range between 0.75 mg/ml and 0.75 μg/ml and were tested with 
qPCR. 
 
Protease incubation time 
One of the main objectives with this new method is that it should be fast. Therefore as short 
time the protease is active as possible should be used. The time tested in this project ranged 
from 10 minutes to 120 minutes and the samples were analyzed with qPCR and SDS-PAGE. 
 
DNA concentration 
The main purpose with the method is to measure low concentrations of DNA. A goal is to 
reach the limit of quantification for the extraction method, 0.05 ng/ml. To determine that the 
method is linear, different DNA concentrations between 100 ng/ml and 0.01 ng/ml were used. 
Also, a blank without DNA was used. The samples were tested with qPCR. Two different 
DNA standards were also used. The first one, consisting of long DNA fragments filtrated to 
have the same size do not mimic the DNA in the real process samples. Therefore a DNA 
standard consisting of smaller more irregular-sized fragments was used. Both were tested with 
qPCR. 
 
Amplification facilitator/buffer effect 
20x Bovine Serum Albumin Ultrapure non-acetylated 1 mg/ml were used. Three different 
BSA concentrations 1 mg/ml, 0.1 mg/ml and 0.01 mg/ml, were used and compared to samples 
without BSA. The BSA was added before respectively after the protease step. The buffer 
effect was tested through dilution of PBS with water free from nucleases and the samples 
were analyzed with qPCR. 
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Effect of protease on different protein 
BSA, protein samples and a mixture of them were treated with a protease for 10 minutes up to 
two hours and analyzed by SDS-PAGE. An untreated sample of every mixture was added, to 
compare and to see what change the protease would do to the protein.  
 
Standard curves with different antibodies 
PS1, human IgM, IgA and IgG1λ were diluted to a final protein concentration of 0.1 mg/ml. 
Each protein sample was spiked with DNA standard to final concentrations of 10, 1, 0.1 and 
0.01 ng/ml DNA. The samples were tested with qPCR. To see if the protease degrades the 
different antibodies in different ways, SDS-PAGE analysis of the samples was made. The four 
proteins were analyzed untreated, treated for 15 minutes or treated for 30 minutes by the 
protease. 
 
Functional qualification 
To further develop and validate the method, a functional qualification was made. Earlier 
experiments have shown how to perform the experiments and how the parameters should be 
chosen to generate useful results. The protein first used was PS2 with a concentration of 9.89 
mg/ml. The protein was diluted directly in PBS down to a concentration of 2 mg/ml. DNA 
standards, protease and protein was prepared, and the samples were prepared, incubated and 
inactivated. When added to the rest of the mixture, a dilution of the protein down to 1 mg/ml 
occurs. 
 
To be able to make a functional qualification of the method, PS1 was used instead. It is 
produced in CHO cells and purified, and house a very low amount of DNA. Also, 
experiments earlier shows that the standard curve for PS1 has the same slope and 
approximately the same equation, as the other antibodies. PS1 was diluted to 1 mg/ ml. 
Proteinase K was diluted to 0.75 µg/ml. 9 different DNA concentrations that ranged from 100 
ng/ml down to 0.01 were used. Also a blank was used. The 10 different samples were 
prepared 3 times independently, giving 30 different samples. The exact same samples were 
prepared 3 separate days. 
 
Comparison of methods 
To get a measurement of how good the method is in reality, 9 different protein samples that 
was tested with the DNA extraction method was also tested with the new method. All 9 were 
diluted in nuclease free water down to the concentration of 2 mg/ml. Everything was done 
according to the method. The proteins had from the beginning different concentrations and 
were mixed with different buffers. See table 2 for dilution factors. 
 
 
 
 
 
 
 
 



19 
 

Results and discussion 
 
Protein 
When heating the sample to inactivate the protease, every sample coagulated and turned to a 
white gel-like substance. The final protein concentration of 4.35 mg/ml was too high. Because 
of this, no qPCR analysis could be done. When testing protein concentrations from 2.175 
mg/ml down to 4.35 µg/ml as high concentration as 1 mg/ml did not inhibit the amplification. 
 
The results showed that the protein concentration does matter, but not so much. Higher 
concentration of the protein inhibits the amplification process slightly, but with high 
concentration of DNA the inhibition is relatively low. However, if the protein concentration is 
too high, the protein will coagulate and no PCR amplification is possible. See Table 2 for how 
the protein concentration affects the amplification. 
 
Protease concentration 
The results showed that even the highest dilution of the protease would efficiently break down 
the highest protein concentration in the shortest tested time. However, the tendency was that 
higher concentration of protease gave slightly better amplification. See table 1. The dilution of 
the protease by 1:1000 corresponds to a concentration of 0.75 µg/ml in the final sample. At 
this point, the dilution of the protease by 1:1000 was chosen for further experiments. See table 
1 for how the protease concentration affects the amplification. 
 
Protease incubation time 
The results from different qPCR runs indicated that the change of time slightly changed the 
amplification results; longer working time than 10 minutes for the protease resulted in better 
amplification of the DNA. However, going up to 60 minutes or above, the amplification of the 
DNA seemed slightly inhibited. An incubation time of 15 min was chosen for further 
experiments. 
 

Protease conc (µg/ml) 
Incubation time 

(min) Ct-value 

1.5 15 29.63 
1.5 45 29.83 
1.5 90 29.98 
0.75 15 30.03 
0.75 45 30.02 
0.75 90 30.30 

Table 1. DNA concentration and protein concentration constant 
 
DNA concentration 
All different DNA concentrations gave a good amplification value. However, the melting 
point graph showed that the DNA concentration lower than 0.05 ng/ml gave source to by-
products, probably primer-dimers, that were amplified more than the desired DNA fragment. 
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DNA conc (ng/ml) Protein conc (mg/ml) Ct-value 

10 0 23.23 
1 0 26.40 

0.1 0 29.76 
0.01 0 33.23 

1 0.07 27.74 
1 0.67 29.58 

Table 2. Incubation time and protease concentration constant. 
 
The result showed that no DNA was lost during the process. The yield was good when 
comparing the protein samples spiked with DNA with the samples consisting of only water 
and DNA. The blank and the master mix both gave a small signal, from that the primers ligate 
to each other, giving rise to a signal during the amplification in the PCR. Even the lowest 
concentration of DNA, 0.05 ng/ml gave rise to a signal coming from the main product. 
Looking at the dissociation curve also verifies that it is the main product that give rise to the 
detected signal at this low DNA concentration. There is some byproduct, but it is mainly the 
desired DNA fragment that is amplified. 
 
The results showed a much greater amplification in the sample spiked with the DNA standard 
consisting of short fragments, than in the sample with the DNA consisting of long fragments.  
According to earlier research, shorter DNA fragment have a higher yield in a PCR process 
than longer ones11, the polymerase seems to favor shorter fragment in front of the longer ones. 
That is because both the primers and the polymerase are more probable to get in physical 
contact with the shorter fragments than the longer. Another, but not very likely explanation of 
the results is that longer DNA fragment has a shorter half-life. Since the PCR process is a 
quite fast process the difference in half-life would not affect the yield noticeable 
 
Amplification facilitator/buffer effect 
BSA, a transport protein, has shown promising results when added to the PCR mixture. It is 
able to bind to certain inhibiting factors, removing them from the template so that the 
polymerase gets in better contact with it4. However, there is a concentration interval where 
BSA acts optimally. Too much BSA would inhibit the amplification process. 
 
The results were somewhat difficult to interpret, but the tendency was that the lower amount 
of BSA made the amplification process better, while the higher concentration seemed to 
inhibit the amplification process. BSA facilitated the amplification, especially when the 
concentration of DNA was low. The amplification process for the sample with only BSA 
worked much better than for the one with the protein sample. With the BSA or protein 
concentration of 0.1 mg/ml there was a large difference in ct-value, in favor of the BSA 
sample. However, in the samples with a concentration of 1 mg/ml, the difference in ct-value 
was relatively small. 
 
The salt concentration has a great impact on the amplification results concerning the length of 
the fragments12. A low salt concentration gives rise to a better amplification of long 
fragments, while a high salt concentration drives the process towards higher amplification of 
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short fragments. A reason for this is that higher salt concentration makes the shorter fragment 
denature and separate in a more preferable manner than the longer ones. A too high salt 
concentration might however inhibit the Taq polymerase.  
 
The dilution of the sample by nuclease-free water before the protease step generated a higher 
ct-value for the higher protein concentration, but the opposite for the lower protein 
concentration.  The purpose with this being tested was to reveal if the concentration of the 
protein during the protease step affected the amplification process. Theoretically, the protease 
is able to work faster when the concentration of the protein is high according to that the 
probability they get in contact with each other increase. The lower concentration of the 
protein gave generally a lower ct-value. 
 
The conclusion so far is that when having a protein concentration of maximum 1 mg/ml, and 
when diluting the protease to 0.75 µg/ml active for 15 minutes, a DNA concentration down to 
0.05 ng/ml could be measured and quantified. 
 
Effect of protease on different protein 
To investigate what the difference is between BSA and the protein sample when treated with a 
protease, leading to large differences in the amplification process, the samples were separated 
and analyzed on a SDS-PAGE gel.  
 
The results for BSA showed that the use of a protease degraded the protein into smaller 
fragments, about 40-60 kDa, being slightly smaller when longer incubation times were used. 
The mixture of BSA and IgG shows the same result while the samples with only IgG seemed 
to migrate through the gel faster. IgG shows fragments of about 20kDa. The first attempt 
made on the 7.5 gel showed impurities in the BSA used. Some small fragment, approximately 
30 kDa were shown when the working time for the protease was short. When the working 
time was 30 minutes or more, no fragment at all was shown.  
 
To prevent this from happening, a 12.5 gel was used instead of a 7.5 gel. The higher number 
indicates that the gel is more compact than the one with lower number. That will make the 
protein fragments migrate slower, and give rise to a better resolution.  The 12.5 gel showed 
that IgG is broken down more efficiently than BSA by the protease. A small difference in size 
of the protein fragments is observed between the protease working times 10 minutes and 30 
minutes, but longer time seemed not to affect the fragment size. 
 
Standard curves with different antibodies 
So far all the examinations are based on the PS1 IgG samples. In real process samples, there 
are variations between the samples. They consist of different proteins in different 
concentrations, and they are mixed with different buffers. To be able to make an absolute 
quantification in a process sample, a standard curve has to be done in every case. The tenth try 
was done to reveal if different proteins give raise to the same results, so that the IgG samples 
always can be done in advance and always be used as standards. 
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As shown in figure 6 all four different proteins follow the same pattern, the slopes are the 
same and the difference in ct-value between them are almost constant. There are some small 
differences between them, but no large variation. However, the PS1 sample has at each DNA 
concentration a little higher ct-value than the other. 
 

 
Figure 6. Four different antibodies tested with four different DNA concentrations.  The ct-
value is plotted against the logarithm of the DNA concentration. 
 
The scatter between IgM and PS1 is for the lowest DNA concentration, 0.1 ng/ml only ct 
0.39, and for the highest DNA concentration, 100 ng/ml, only ct 0.61. If a DNA sample is 
diluted by two, it is expected to have a ct-value that is one cycle after. Generally, the method 
has shown linearity for low DNA concentrations. Above a DNA concentration of 10 ng/ml, as 
shown in figure 6 the amplification does not follow the linearity of the other concentrations. 
The purpose with the method is however to measure and quantify DNA in the lower 
concentration region, lower than the 100 ng/ml tested in this project. 
 
The results from the SDS-PAGE are not easy to interpret. However, it seems like the two 
versions of IgG, PS1 and IgG1λ are degraded more efficiently than the other two, IgA and 
IgM.  
 
Functional qualification 
The PS1 sample is produced in CHO cells and is contaminated by an unknown but low level 
of host cell DNA. PS1 is a drug product, purified and analyzed with a DNA concentration 
lower than 0.05 ng/ml. To overcome the small signal that the host cell DNA can give source 
to IgG produced in mouse cells is used instead. That makes it impossible for the specially 
designed primers to ligate and give rise to new copies during the amplification process in the 
PCR device. 
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The results from the first qPCR using PS2 were very different from the results generated by 
using PS1. The scatter was relatively high and showed no specific pattern possible to 
interpret. For all the samples with the DNA concentration of 10 ng/ml and below, the ct-value 
seemed to stabilize somewhere around 30. When using PS1, that corresponds to a DNA 
concentration of 3.1 ng/ml according to equation 1. Also the dissociation curves showed that 
there was product in all DNA concentrations. Even in the blank, where it was only protein 
sample and water. To trace what went wrong or where the contamination occurred, several 
experiments was done.  The line of thought was that the citrate buffer the protein came with 
gave a too low pH for the protease to work, despite the fact that the protease has a working 
range of pH 4.3-12.0. The citrate buffer lower the pH down to pH 5.5 and perhaps the 
polymerase used in the amplification process does not work well together with the buffer.  
Another idea is that the protein solution was too old, opened 12 years ago, and maybe some 
contamination has happened. Else, contamination has occurred during the experiment.  
 
First, the protein solution was tested with the existing method DNA extraction. The results 
showed contamination of CHO DNA. The reagents used in the DNA extraction method are 
the protein itself, PBS to dilute the protein and protease. To investigate which reagent was 
contaminated, the PBS was tested against the protease and a new dilution of the source 
protein down to 2 mg/ml. The results showed no DNA in any of the sample. That making it 
possible to draw the conclusion that the source protein is clean from CHO DNA, but 
somewhere in an early step have been contaminated. 
 
The newly prepared protein solution was used to generate 3 new standard curves with 10 
different DNA concentrations ranging from 100 ng/ml down to 0.01ng/ml, and also one 
sample without any DNA. As a control two samples with PS1 and a DNA concentration of 5 
ng/ml were tested. Even this time was the results different compared to when using the PS1 
samples. First, all the PS2 samples had a very high ct-value compared to PS1. PS1 with the 
DNA concentration of 5 ng/ml had a ct-value of approximately 25.3, while the PS2 with the 
same DNA concentration had a ct-value of 31.5. The PS2 sample with DNA concentration of 
100 ng/ml had the mean ct-value of 26.9.  Clearly something in the PS2 sample was inhibiting 
the amplification process. The dissociation curves showed that the lowest DNA concentration 
that gave mainly the desired product and not so much by-product was 5 ng/ml. By far more 
than for PS1 where 0.05 ng/ml seems to be the limit for where the results are trustable. 
 
To clarify if the protein concentration was too high, or if the citrate buffer had an inhibiting 
effect, PS2 was diluted 1:10 down to 0.2 mg/ml. That corresponds to a final concentration of 
0.1 mg/ml when adding 100 µl of protein solution to 100 µl of the mixture of DNA, protease 
and water. An additional test was done to compare the amplification when the inhibiting 
protein was PS1, PS2 or IgG1λ. The proteins were diluted down to a concentration of 0.2 
mg/ml and spiked with the final DNA concentration of 50 ng/ml and 5 ng/ml respectively. 
The results were very clear, PS1 and IgG1λ showed almost the same ct-value while PS2 had a 
very much higher. 
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The conclusion from this is that not every protein sample works with this method.  Enrolled in 
the method should be a self-test that the method actually works with the protein being tested. 
The results made it impossible for now to use the PS2 for a functional qualification.  The 
result for the functional qualification using PS1 is shown in table 3 and figure 7. 
 

DNA conc (ng/ml) Logconc Ct-value Standard deviation 

100 2.0 22.08 0.58 
50 1.7 23.13 0.33 
10 1.0 25.19 0.43 
5 0.7 26.03 0.30 
1 0.0 28.60 0.45 

0,5 -0.3 29.48 0.44 
0,1 -1.0 31.60 0.14 
0,05 -1.3 32.31 0.39 

Table 3. Mean ct-value of the nine DNA dilution series and their standard deviation.  
 

 
Figure 7. Mean ct-value of the nine DNA dilution series and their standard deviation. 
 
As mentioned before a lower ct-value corresponds to a better amplification. A difference in 
ct-value by one cycle corresponds to a difference in DNA concentration by a factor 2. The 
linearity of the different DNA concentrations is very good and the slope shows that a decrease 
in DNA concentration from 100 ng/ml down to 50 ng/ml corresponds to a difference in ct-
value by approximately one cycle, which corresponds to theory. 
 
The standard deviation is low. The highest, 0.58 in ct-value for the DNA concentration 100 
ng/ml shows that all 9 of the dilution series have almost the same DNA amount. There are 
low variations between dilution series, and even between different days. The equation of the 
trendline is:  y = -3.144x + 28.40 (equation 1). 
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Comparison of methods 

Tube Protein 
Ct-

value 
 Dilution 

factor 
DNA conc (ng/ml) 

new method 
DNA conc (ng/ml) 
extraction method 

1 P1 34,65  10,1 0,10 1,4 
2 P2 34,65  9,8 0,10 1,4 
3 P3 34,51  9,7 0,11 0,2 
4 P4 34,95  9,5 0,08 0,8 
5 P5 34,25  8,2 0,11 1,8 
6 P6 32,98  10,2 0,36 17,4 
7 P7 36,95  10 0,02 7 
8 P8 35,24  7 0,05 0,05 
9 P9 34,66  5 0,05 0,05 

Table 4. Nine different proteins compared with the two methods. 
 
The equation given by the functional qualification is used to calculate the DNA concentration 
in each sample. Since the new method is a relative quantification method, a standard curve 
should in reality be made for each protein sample. Therefore, the concentration values are not 
perfectly right. Very important is that to use the new method, every protein sample has to be 
diluted to reach a final concentration of 1 mg/ml. Dividing the DNA-concentrations in table 4 
with the dilution factors places the final DNA-concentrations in the PCR-reaction below the 
limit of quantification for all the protein samples. Looking at the results for the extraction 
method most of the concentrations are low. To get more out of the comparison of the two 
methods, more varied DNA concentrations have to be tested, especially protein samples with 
higher DNA concentrations.  However, this test indicated that the two methods follow each 
other. Arranging the samples tested with both methods in increasing DNA concentration 
order, would set the protein samples in almost the same order. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



26 
 

Conclusions 
 
By using a protease to cleave the inhibiting protein, and by using qPCR to amplify and 
quantify the DNA; a DNA concentration as low as 0.05 ng/ml could be measured and 
quantified if the protein concentration is maximum 1 mg/ml. The simple procedure makes the 
analyzing time short, and makes it possible to analyze many different samples at the same 
time. 
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Further work 
 
If more time was given to improve the method, one approach would be to use different 
amplification facilitators such as BSA or KCl. BSA is a known facilitator that works under 
certain conditions. KCl is a salt that can be used to control if long or short DNA fragments 
would be preferred during the PCR reaction. To further test the method, different proteins 
with different concentrations in different buffers should be tested. As mentioned before, the 
buffer effect is higher for protein solutions that do not have to be diluted. To discover the 
limit of the method, a low protein concentration in a buffer that inhibits the PCR reaction 
should be tested. 
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Appendix 
 
Purpose Experiment Results 

1. Does the usage of a 
protease affect the 
amplification? 

Protein concentration 4.35 
mg/ml. 
Protease concentration varied 
down to 75 µg/ml. 
Time varied up to 90 
minutes. 

Protein aggregated when 
heated up. A protein 
concentration of 4,35mg/ml 
was too high. 

2. Does the working 
time for the protease 
matter? Does the 
protein concentration 
matter? 

Protein concentration varied 
down to 4.35 µg/ml. 
Time varied up to 90 
minutes. 
Protease concentration 75 
µg/ml. 

Longer working time gave 
slightly better results. 
Protein concentration did not 
affect the results. 

3. Investigate low 
protease 
concentration. 

Protease concentration down 
to 0.75µg/ml. 
Working time up to 90 
minutes. 
Protein concentration 
between 0.435 mg/ml to 
0.0435 mg/ml. 

Low protease concentration 
and a short working time 
gave slightly better results. 

4. Investigate 
correlation between 
protein and DNA 
concentration. 

DNA concentration 10ng/ml. 
Protein concentration 
between 4.35 mg/ml to 0.087 
mg/ml. 

Higher protein concentration 
gave slightly worse results. 

5. Investigate the limit 
for how high the 
protein concentration 
could be, respectively 
how low the DNA 
concentration could 
be. 

Protein concentration from 
2.175 mg/ml down to 0.0435 
mg/ml. 
DNA concentration 5 ng/ml 
down to 0.01 ng/ml. 

Lowest DNA concentration 
possible is 0,05ng/ml 

6. Verify experiment 5, 
make a standard 
curve and investigate 
the effect of the 
buffer PBS. 

Protein concentration from 
0.2175 mg/ml down to 
0.02175 mg/ml while the 
DNA concentration went 
from 10 ng/ml down to 0.05 
ng/ml. 
Samples were also tested 
with dilution by water. 

The lowest DNA 
concentration works. No 
DNA gets lost. 

7. Test a DNA more 
fragmented DNA 

DNA and BSA concentration 
were varied. 

The DNA standard with 
shorter fragment gave better 
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standard. Test if BSA 
facilitates the 
amplification. 

results. BSA facilitates the 
amplification. 

8. Investigate the role of 
BSA. 

Samples without BSA, with 
BSA before the protease 
step, and samples with BSA 
added after the protease step. 

Low BSA concentration 
facilitate the amplification 
(lower ct-value) while high 
BSA concentration inhibit 
the process (high ct-value). 

9. SDS-PAGE to see 
how the protease 
breaks down the 
protein and BSA 

BSA, Protein and a mixture 
of them was treated with the 
protease for different time 
length. 

IgG is broken down more 
efficient. 30 minutes gives 
the best results. 

10. Different antibodies 
to see if they generate 
the same standard 
curves, if the method 
can be used as an 
absolute quantitative 
method. 

Four different antibodies, 
same concentration. Four 
different DNA 
concentrations. 

All showed the same pattern. 
However, they had different 
ct-values and the method 
cannot be used as an absolute 
quantitative method. 

11. Functional 
qualification. 
Investigate scatter, 
linearity, limit of 
quantification, 
repeatability. 

10 DNA concentrations. 3 
separate dilution series. 3 
different days. 

Linear from 100 ng/ml to 
0.05 ng/ml. Low standard 
deviation. 

12. Comparison of 
methods.  

Nine protein samples tested 
with both the extraction 
method and the new method. 

Too close to limit of 
quantification. Order of 
concentrations almost the 
same for both methods. 

 
 


