
J. Sci. Dev. 2010, 8 (Eng.Iss. 2): 185 - 192                                           HA NOI UNIVERSITY OF AGRICULTURE  

TRANSIENT TRANSFECTION OF CHO-K1 CELLS IN SERUM-CONTAINING MEDIUM AND 
SERUM-FREE MEDIUM WITH GENE CODING FOR HUMAN IGG HEAVY CHAIN PROTEIN 

Nghiên cứu sự hình thành protein là chuỗi nặng của kháng thể lai tái tổ hợp IgG 
thông qua quá trình chuyển gen tạm thời trên dòng tế bào động vật CHO-K1 được 

nuôi trong môi trường có và không có huyết thanh 

 Quan Quoc Dang1, Phan Van Thu2, Le Tram Nghia Thu3, Do Minh Si3, Dam Sao Mai4 

1Human and Animal Biotechnology Lab, HCM University of Industry 
2The School of Biotechnology, International University 

3Stem Cell Research and Application Lab, University of Sciences 
4Genetics Lab, HCM University of Industry 

Corresponding author email: damsaomai@foodtech.edu.vn 

TÓM TẮT 
Mục đích của nghiên cứu nàyanhfm kiểm tra sự biểu hiện của protein là chuỗi nặng của kháng 

thể lai tái tổ hợp IgG thông qua quá trình chuyển gen tạm thời trên dòng tế bào động vật CHO-K1 
được nuôi trong môi trường có và không có huyết thanh. Dòng tế bào CHO-K1 được nuôi trong hai 
môi trường khác nhau: môi trường dinh dưỡng Ham’s F12 (Invinogen) có bổ sung 10% huyết thanh 
bò (FBS) và môi trường dinh dưỡng ExCELL® CD (Invinogen) không có huyết thanh. Quá trình 
chuyển gen tạm thời vào tế bào được thực hiện bởi hợp chất ExGen500 (Fermentas). Protein tái tổ 
hợp thu nhận từ dịch nuôi cấy tế bào trên sau 72 giờ sau chuyển gen được kiểm tra thông qua 
phương pháp ELISA trực tiếp và SDS-PAGE. Kết quả cho thấy trong môi trường có huyết thanh 
lượng protein tái tổ hợp thu nhận là 16,6 µg.ml-1, trong môi trường không có huyết thanh là 9,5 µg.ml-
1 (khoảng 57% lượng protein sản xuất từ môi trường có huyết thanh). Nghiên cứu cũng cho thấy sự 
gia tăng hàm lượng protein thu nhận khi tăng cao nồng độ dinh dưỡng của môi trường nuôi cấy tế 
bào động vật. 

Từ khóa: Môi trường có huyết thanh, môi trường Ham’s F12, môi trường không có huyết thanh, 
môi trường ExCELL® CD không có huyết thanh, protein tái tổ hợp, tế bào CHO-K1, IgG. 

SUMMARY 
The aim of this research project is to examine recombinant human immunoglobulin G (IgG) 

heavy chain protein expression in Chinese hamster ovary (CHO-K1) cells in serum-containing medium 
and serum-free medium. The CHO-K1 cells in Ham’s F12 medium supplemented with 10% of fetal 
bovine serum (FBS) and in ExCELL® CD CHO serum-free medium were transiently transfected with 
pHuIgG plasmid containing gene encoding for human IgG heavy chain protein using ExGen 500 
transfection reagent. The recombinant protein expressed in culture supernatants at 72 h after 
transfection were examined by Direct ELISA and SDS-PAGE. Results indicated that the full-length 
human IgG heavy chain protein was highly expressed, at 9.5 µg ml-1, in the serum-free medium, 
approximately 57% of that in the serum-containing medium, 16.6 µg ml-1. Biological protein 
productivity of cells in animal component-free medium would be higher if the medium is developed at 
a higher nutrient level. 

Key words: CHO-K1 cells, ExCELL® CD CHO serum-free medium, Ham’s F12 medium, human IgG 
heavy chain protein, recombinant protein expression, serum-containing medium; serum-free medium. 
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1. INTRODUCTION  
1.1. Human immunoglobulin G (IgG) 

Human immunoglobulins are a group of 
structurally and functionally similar glycoproteins 
that confer humoral immunity in humans 
(Spiegelberg 1974). They are composed of 82-96% 
protein and 4-18% carbon hydrate. There are five 
classes of immunoglobulins (IgG, IgA, IgM, IgD, 
and IgE), in which IgG is the most special antibody 
that will be discussed. 

Human IgG antibodies play very important 
roles in human immune system due to their specific 
reactions of the fragment antigen-binding (Fab) 
region with antigen (primary function) and effector 
functions (secondary function) (Hamilton 2001). 
IgG molecules have highest synthetic rate and 
longest biological half-life of immunoglobulin in 
serum (Aalberse, 1983). In addition, they can bind 
to a wide range of pathogens, for instance bacteria, 
viruses, fungi by agglutination, immobilization, 
compliment activation, and opsonization for 
phagocytosis and neutralizationthem. Human IgG, 
indeed, displays high antibody-dependent cell-
mediated cytotoxicity and complement-dependent 
cytotoxicity, and that makes it the best suitable for 
therapeutic uses against pathogens and cancer cells 
(Hamilton 2001).  

Although human immunoglobulin G (IgG) has 
unique and essential roles over the other 
immunoglobulin molecules (IgA, IgD, IgE and 
IgM) in immune system, studies on its production 
by molecular biotechnology are limited.  

1.2. Chinese hamster ovary (CHO) cells for 
         protein production 

Chinese hamster ovary (CHO) cells are a cell 
line derived from a biopsy of an ovary from a 
female Chinese hamster first cultured by Puck in 
1958 (Puck, 1958), and were cloned into many 
different sub-lines. CHO cells are adherent and 
epithelial-like cells and usually used in biological 
and clinical researches including studies of 
genetics, toxicity screening, nutrition and gene 
expression, particularly to therapeutic recombinant 
protein expression (Puck 1958; Ham 1965; Kao and 
Puck 1968). CHO cells are most commonly utilized 
since they are also well characterized, known for 
the stability of chromosomal transgene integrations 
and expression, known for rapid growth and easy-
to-cultivate at large scale (Lucas et al. 1996; Korke  

 
et al. 2002), and simple to adapt for suspension 
growth in serum-free media (Zang et al., 1995). 

Chinese hamster ovary (CHO) cells for 
recombinant protein production have been well 
studied in the aspects of adapting them into serum-
free medium for their cultivation in stirred 
bioreactor. Researchers have been developing 
transfection conditions to take full advantages of 
Chineses hamster ovary (CHO) cells for 
recombinant protein production. And serum-
containing medium with many adverse effects on 
protein production needs to be replaced by an 
alternative medium, serum-free medium.  
1.3. Serum-containing medium and serum-free 
        medium 

Mammalian cells, which are considered as 
wonderful host cells for therapeutic protein 
production, require a comprehensive mixture of 
nutrients in order to survive and grow in vitro (Xie 
et al., 2003). Many basal media comprising basic 
ingredients such as glucose, amino acids, vitamins, 
and various salts are now commercially available . 
Nevertheless, for cell growth and protein 
expression these media often require 
supplementation of fetal bovine serum (FBS). This 
animal serum, in fact, provides cells with a good 
basic source of nutrients; but it, in the other hand, 
associates a lot of disadvantages. At first, it is very 
expensive ($162 - $199 for 500mL of FBS Heat 
Inactivated, and $427 for 500mL of FBS Charcoal-
Stripped, Sigma-Aldrich), and is not readily 
available in amounts as required for commercial 
processes. In addition, it is a chemically undefined 
commodity containing many major components as 
well as minor components that have not been fully 
identified, making their action differ from batch to 
batch, and their various effects on cell cultures 
(Zutphen et al., 2001). 

In this paper we examine recombinant human 
immunoglobulin G (IgG) heavy chain protein 
expression in Chinese hamster ovary (CHO-K1) 
cells in serum-containing medium and serum-free 
medium. In methodology, CHO-K1 cells in Ham’s 
F12, 10% FBS medium and ExCELL® CD CHO 
serum-free medium were transiently transfected 
with gene coding for human IgG heavy chain 
protein using ExGen 500 transfection reagent. After 
transfection three days, culture supernatants of 
transfected cells were recovered for direct enzyme-
linked immunosorbent assay (ELISA) and sodium 
dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE). The results showed a higher 
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concentration of recombinant protein in the serum-
containing medium, but much cleaner recombinant 
protein in the serum-free medium. These findings 
suggest that serum-free medium can give 
commercial benefits in therapeutic protein 
manufacture industry although its nutrient level 
needs improving. 

2. MATERIALS AND METHODS 
2.1. Cell line and vector 
CHO-K1 cell line 

Chinese Hamster Ovary cell line, CHO-K1 
(ATCC CCL 61), is one of the sub-lines cloned 
from original cell line that was initiated from an 
ovary biopsy of a female Chinese hamster. CHO–
K1 cells are proline-requiring and are epithelial–
like cells. They are commonly used in studies of 
genetics, toxicity screening and gene expression, 
especially for expression of recombinant proteins 
(Puck, 1958; Ham, 1965; Kao and Puck, 1968). 

pHuIgG vector 
Recombinant plasmid DNA containing human 

IgG heavy chain used for gene transient 
transfection in this research, pHuIgG, was 
graciously provided by Dr. Do Minh Si (Faculty of 
Biology, University of Science HoChiMinh City) 
Main components of the plasmid were described in 
Figure 1. 

Structure of the pHuIgG vector contains 
functional regions (CMV enhancer – enhancer from 
Cytomegalovirus; CMV promoter – promoter from 
Cytomegalovirus; huIgG heavy chain – coding 
region for human IgG heavy chain protein; Ter – 
Rabbit -globin terminator; Ori – E.coli replication 

origin; Kan R – Coding region for Kanamycin 
resistance) and some restriction sites. 

2.2. Methods 

2.2.1. Cell culture 
For serum-containing medium, CHO-K1 cells 

were cultured in T-25 flasks at 37 0C and 5% CO2 
in Ham’s F12 medium supplemented with 10% 
fetal bovine serum (FBS), 100 U ml-1 penicillin G 
(Sigma), and 100 µg ml-1 streptomycin (Sigma). 
Cells were seeded at a density of 105 cells ml-1, and 
culture medium was refreshed every 3 days. In 
order to refresh culture medium, gentle pipetting 
was directly used to suck dry the poor nutrient 
medium prior to adding 5 ml of new medium. 

For serum-free medium, CHO-K1 cells were 
grown in suspension in a commercially available 
animal component-free medium, ExCELL® CD 
CHO serum-free medium (Sigma), supplemented 
with 100 U ml-1 penicillin G (Sigma), and 100 µg 
ml- streptomycin (Sigma). They were adapted in the 
chemically defined serum-free medium for 2-3 
days. Centrifugation at 2,500 rpm for 5 min was 
demanded to pellet the cells prior to resuspending 
cells in 5 ml of fresh medium. 

2.2.2. Transient transfection of CHO-K1 cells 
With the growth-curves determined in 3.2.2, 

12 h after culture was considered as the suitable 
time for gene transfection of CHO-K1 cells in both 
Ham’s F12, 10% FBS medium and ExCELL® CD 
CHO serum-free medium. ExGen 500 in vitro 
Transfection Reagenet kit (Fermentas) was applied, 
and there were 3 steps in the transient transfection.  β
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Figure 1.  pHuIgG vector 
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Cell plating 

CHO-K1 cells in serum-containing medium 
and serum-free medium were subcultured into 4 
wells of 24-well plate for each type of the media 
with viable cell density of 105 cells ml-1 in 1 ml of 
culture medium.  
ExGen 500/pHuIgG complex preparation 

60 µl of recombinant plasmid pHuIgG 
solution which contained gene coding for human 
IgG heavy chain protein was pelleted by 
centrifuged at 13,000 rpm for 20 min in a 1.5-ml 
Eppendorf tube. The supernatant was gently 
removed by pipetting and the plasmid pellet was 
then air-dried at room temperature for 10 min 
before being diluted in 600 µl of 150 mM NaCl. 
The Eppendorf tube was vortexed briefly for 5s. 
19.8µl ExGen 500 was added and vortexed 
immediately for 10s. Then the mixture was 
incubated at room temperature for 10 min for 
ExGen 500/pHuIgG complex formation. 
Transient transfection of cells with ExGen 
500/pHuIgG complex 

After CHO-K1 cells had been cultured for 12 
h, both media were respectively refreshed with 400 
µl of transfection media without antibiotics, i.e. 
Ham’s F12, 10% FBS was used for adherent cells, 
and ExCELL®  CD CHO serum-free medium for 
suspended cells. Three out of 4 wells for each type 
of the media were transfected with 100 µl of ExGen 
500/pHuIgG complex solution per well by 
dropping, and the remaining well was added with 
100 µl of sole ExGen 500 reagent, considered as 
control. The plate was incubated at 370C and 5% 
CO2 for 3 h. Each of the wells was supplemented 
with 500 µl of transfection media and incubated for 
further 69 h. After 72 h incubation, culture 
supernatants from the wells were recovered by 
centrifugation at 2,500 rpm for 5 min and stored at 
-200C until used for recombinant protein analysis 
by Direct ELISA and SDS-PAGE. 

2.2.3. Bradford protein assay 
Bovine serum albumin 100 mg ml-1 was 

prepared by dissolving 300 mg of BSA powder in 3 
ml of PBS, pH 7.4. Each of the bovine serum 
albumin solutions was transferred to 3 test tubes 
with 0.5 ml per tube. 19 new test tubes were 
required involving 15 tubes for 5 BSA solutions, 3 
tubes for blanks containing 0.5 ml of PBS used to 
prepare BSA solutions and 1 tube for the sample 
containing 0.5 ml of human IgG heavy chain 
protein with unknown concentration. The standard 

protein solutions, blanks and sample were then 
diluted 10 times by 4.5 ml of Coomassie Brilliant 
Blue R-250 solution. After brief vortex for 5s and 
incubation for 20 min at room temperature, the 
absorbance was read with SP65 spectrophotometer 
at wavelength of 595 nm. 

2.2.4. Direct ELISA  
The diluted standard IgG solutions, blanks and 

samples were incubated in a 96-well plate at 100µl. 
The plate was covered carefully with aluminum 
foil. Coating solutions were removed and the wells 
were washed 3 times by 250 µl of washing buffer. 
Remaining protein-binding sites on the well surface 
were blocked by adding 150 µl of blocking buffer 
and incubating for 1h at room temperature. Next 
100µl of secondary antibody, anti human IgG 
heavy chain protein conjugated with horseradish 
peroxidase enzyme, was added. The absorbance of 
each well was read with SpectraMax Plus384 
Microplate reader at wavelength of 450 nm.  

2.2.5. SDS-PAGE 
The gel was degased and flattened by 2 ml of 

ddH2O on its surface. A clean 10-well comb was 
inserted straight on down on the top of stacking gel, 
then a little more stacking gel was softly poured on 
the sides of the comb to fully seal it. The latter gel 
was solidified and associated with the former at 
room temperature after 30 min. 

The culture supernatants were processed in 
this waiting time. Each of them was mixed 
thoroughly into sample buffer with ratio 1:1 for 
Ham’s F12, 10% FBS medium, i.e. culture 
supernatant 5 µl:5 µl of sample buffer (2X), and 
with ratio 4:1 for ExCELL® CD CHO serum-free 
medium, i.e. culture supernatant 20 µl : 5 µl of 
sample buffer (5X). The mixtures were then heated 
at 960C for 5 min in a water bath. 

The gel was then soaked in 7% (v/v) acetic 
acid for 7 min prior to soaking in 200 ml of 50% 
(v/v) methanol twice, 20 min for each, was stained 
by soaking in silver staining solution for 15 min. 
Washing the stained gel by 200 ml of ddH2O for 5 
min was repeated before the bands were visible by 
soaking the gel in developing solution for 15 min. 
The development was stopped by rinsing the gel 3 
times with 200 ml ddH2O. 

2.2.6   Statistical analysis  
Data were expressed in means ± SD by 

Microsoft Office Excel 2003. 
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3. RESULTS AND DISCUSSION the cells in the medium richer in nutrients. 

3.2. Concentration of standard human IgG 
          heavy chain protein solution by Bradford 
          protein assay 

3.1. Growth-curves of CHO-K1 cells in Ham’s 
        F12, 10% FBS medium and ExCELL® CD 
        CHO serum-free medium 

Basing on the standard line equation of BSA 
protein, y = 0.0399x + 0.7498, where y is ΔOD 595 
nm value and x is concentration of BSA (mg ml-1), 
concentration of unknown human IgG heavy chain 
protein is specified. Because its OD 595 nm is 
0.771 and PBS OD 595 nm is 0.017, its ΔOD 595 
nm is equal to 0.754 (y value). And the 
concentration of the protein (x value) is inferred 
from the standard line equation, 0.1053 mg ml-1. 
Because the protein solution was diluted 10 times 
in Coomassie Brilliant Blue R-250 solution, the 
concentration of original human IgG solution was 
1.053 mg ml-1. 

The resulting growth-curves of CHO-K1 cells 
in serum-containing medium and serum-free 
medium indicate some differences in their growth 
phases in these two different media. Firstly, 
although the initial viable cell densities in two types 
of media are comparative (0.92 x 105 cells ml-1 
versus 0.91 x 105 cells ml-1, respectively), and their 
lag phases and log phases are quite similar in span 
of times, the number of viable cells in Ham’s F12 
10% FBS medium is obviously higher than that in 
ExCELL® CD CHO serum-free medium, 3.19x105 
cells ml-1 compared to 1.91 x 105 cells ml-1. This 
observation may be due to the higher growth rate of 
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Figure 2a. Growth-curve of CHO-K1 cells in 

Ham’s F12, 10% FBS medium 

Grand means of viable cell density (x105 cells ml-1) 
     from the individual means in triplicate at different  
     times were plotted (means ± SD, n = 3). 

Figure 2b. Growth-curve of CHO-K1 cells in 
ExCELL® CD CHO serum-free medium 

Grand means of viable cell density (x105 cells ml-1)  
        from the individual means in triplicate at different  
       times were plotted (means ± SD, n = 3). 

y = 0.0053x + 0.4036
R2 = 0.9897, n = 6
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Figure 3. Standard line of bovine serum albumin (BSA) protein 
Five concentrations of BSA, 0.016, 0.08, 0.4, 2, and 10 mg ml-1 (x axis), and  

their ΔOD 595 nm values (y axis) made a standard line by adding trendline, n = 5. 
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3.3. Concentrations of recombinant human IgG 
        heavy chain protein by Direct ELISA 

The concentrations of recombinant human IgG 
heavy chain protein in culture supernatants are 
found out using the standard line equation y = 
0.0053x + 0.4036 (Figure 4-5), where y is ΔOD 
450 nm value and x is concentration of the protein. 
The resulting concentrations of expressed human 

IgG heavy chain protein in Ham’s F12, 10% FBS 
medium and ExCELL® CD CHO serum-free 
medium are illustrated.  

It is comparable to the highest expression level 
of Chinese hamster ovary (CHO-K1) cells in a 
latest study by Haldankar et al. (2006). 
3.4. Full-length recombinant human IgG heavy 
       chain protein by SDS-PAGE 

y =  0 .0 0 5 3 x +  0 .4 0 3 6
R 2 =  0 .9 8 9 7 , n =  6
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Figure 4. Standard line of human IgG heavy chain protein concentrations 
Serial dilutions of standard human IgG heavy chain protein concentration consisting of 

3.3, 6.6, 13.2, 26.3, 52.7 and 105.3 µg ml-1 (x axis), and their ΔOD 450 nm values (y axis)  
made standard line of the protein concentration by adding trendline, n = 6. 

Table 1. Absorbance and concentrations of recombinant human IgG heavy chain protein 
in Ham’s F12, 10% FBS medium and ExCELL® CD CHO serum-free medium

 Ham’s F12, 10% FBS medium ExCELL® CD CHO serum-free medium 

Sample 1 2 3 C (a) 1 2 3 C (b)

OD 450 nm 
(c) 0.512 0.494 0.468 0.028 0.446 0.443 0.473 0.040 

ΔOD 450 nm (d) 0.609 0.591 0.565 0.125 0.543 0.540 0.570 0.137 

[IgG] (µg ml-1) (e) 20.5 17.1 12.2 -70.9 (f) 8.0 7.4 13.1 -68.6 (g)

Average [IgG] (h) (µg ml-1) 16.6 ± 3.4 9.5 ± 2.6 
   

For Ham’s F12, 10% FBS medium, there are 
many dark bands (event smears) distributing 
thorough the lanes (Figure 5) although a very small 
amount of samples (2.5 µl) is loaded, because of 
ratio of sample/sample buffer 1:1, and loading 
volume, 5 µl per well. That reveals the presence of 
various proteins with high concentrations in the 
medium. It should be specially remarked the four 
big bands at 50 kDa in lane 1, 2, 3 and 4, in which 
the negative control (line 1) shows a similar band 
as the samples. This is contrary to the negative 
result in Direct ELISA. Actually, it can be 

interpreted by the presence of other proteins in 
serum, involving bovine antibodies in bovine serum 
albumin. Disulfide linkages in these bovine 
proteins are also reduced and they are identically 
charged by sodium dodecyl sulfate, and are also 
linearized by 2-β-mercaptoethanol at high 
temperature along with human IgG heavy chain 
protein. As the result, they interfere with the target 
protein and create undistinguishable bands in the 
gel. That is the reason why in manufacture of 
protein-based drugs, serum-free medium is 
recommended (Hodgson, 1993). 
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 1 2 3 4 5 6 7 8 9  

 

50 kDa 

Figure 5. SDS-PAGE gel of samples and molecular weight ladder stained by silver staining solution 
The gel was loaded with different volumes of sample/sample buffer with different ratios. For Ham’s F12, 
10% FBS medium, lane 1 was the control transfected with sole ExGen 500, and lane 2, 3, 4 were samples 
transfected with ExGen 500/pHuIgG complexes. For ExCELL® CD CHO serum-free medium, lane 5, 6, 7 
were samples transfected with ExGen 500/pHuIgG complexes, and lane 8 was the control transfected with 
ExGen 500 only. Lane 9 was SpectraTM Multicolor Broad Range Protein Bladder (MBI Fermentas), 
including 10 bands from the top to the bottom with 260, 135, 95, 72, 52, 42, 34, 26, 17 and 10 kDa, 
respectively. The arrow pointed the position of recombinant human IgG heavy chain, 50 kDa.

For ExCELL® CD CHO serum-free medium, a 
few of thin bands (line 5, 6, 7 and 8) indicate a low-
protein medium for protein expression even though 
the samples are condensed 16 times compared to 
the serum-containing samples, i.e. ratio of 
sample/sample buffer 4:1, and loading volume 20 
µl per well. No band in the control sample (lane 8) 
at position of 50kDa shows that the negative 
control works well without contamination of the 
target protein. The concentration of recombinant 
human IgG heavy chain protein in the culture 
supernatant is too low, 9.5 µg ml-1, to give clear 
bands. Therefore, the samples have been highly 
condensed up to 16 times, and the gel has been 
stained by silver staining, which is much more 
sensitive than Coomassie Brilliant Blue. Anyway, it 
was clear that the recombinant protein was 
expressed in full-length (lane 5, 6 and 7 focused in 
open rectangles, at 50 kDa) in the serum-free 
medium, and bovine proteins complicatedly 
interfered with the target protein in the serum-
containing medium. 

4. CONCLUSIONS 
This study was designed to examine 

recombinant human IgG heavy chain protein 
expression of Chinese hamster ovary (CHO-K1) 
cells in Ham’s F12 medium supplemented with 
10% fetal bovine serum (FBS) and ExCELL® CD 
CHO serum-free medium. The findings were based 
on the analysis of the culture supernatants by Direct 
ELISA and SDS-PAGE at 72 h after transient 
transfection of the cells with pHuIgG plasmid 
containing human IgG heavy chain protein. It was 
found that the full-length recombinant protein was 
expressed as highly as 9.5 µg ml-1 in ExCELL®

 CD 
CHO serum-free medium (Sigma-Aldrich). This 
was brought about by Direct ELISA with standard 
human IgG heavy chain protein solution, and 
obvious bands at 50 kDa in the gel of SDS-PAGE. 
However, the concentration of the target protein in 
the serum-free medium was approximately 57% of  
that in Ham’s F12, 10% FBS medium due to the 
low nutrient of serum-free medium. If a new 
serum-free medium contains higher amount of 
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 proteins (certainly, not animal-derived proteins), 
the productivity of recombinant protein in the 
serum-free medium would get higher. Hence, there 
appears to be a great potential for scientists to 
develop a higher nutrient serum-free medium for 
protein production. 

In addition, further experiments on stable gene 
expression should be done for deeper understanding 
of protein production in mammalian cells. Other 
mammalian cells, such as Hela cells, human 
embryonic kidney 293 (HEK 293) cells, and K-562 
cells, should be involved in transfection with other 
genes of interest. Particularly, for human 
immunoglobulin G (IgG) production, the heavy 
chain protein-coding gene along with the light 
chain protein-coding gene should be transfected 
into mammalian cells.  
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TRANSIENT TRANSFECTION OF CHO-K1 CELLS IN SERUM-CONTAINING MEDIUM AND SERUM-FREE MEDIUM WITH GENE CODING FOR HUMAN IGG HEAVY CHAIN PROTEIN


Nghiên cứu sự hình thành protein là chuỗi nặng của kháng thể lai tái tổ hợp IgG thông qua quá trình chuyển gen tạm thời trên dòng tế bào động vật CHO-K1 được nuôi trong môi trường có và không có huyết thanh


 Quan Quoc Dang1, Phan Van Thu2, Le Tram Nghia Thu3, Do Minh Si3, Dam Sao Mai4


1Human and Animal Biotechnology Lab, HCM University of Industry
2The School of Biotechnology, International University
3Stem Cell Research and Application Lab, University of Sciences
4Genetics Lab, HCM University of Industry
Corresponding author email: damsaomai@foodtech.edu.vn


TÓM TẮT


Mục đích của nghiên cứu nàyanhfm kiểm tra sự biểu hiện của protein là chuỗi nặng của kháng thể lai tái tổ hợp IgG thông qua quá trình chuyển gen tạm thời trên dòng tế bào động vật CHO-K1 được nuôi trong môi trường có và không có huyết thanh. Dòng tế bào CHO-K1 được nuôi trong hai môi trường khác nhau: môi trường dinh dưỡng Ham’s F12 (Invinogen) có bổ sung 10% huyết thanh bò (FBS) và môi trường dinh dưỡng ExCELL® CD (Invinogen) không có huyết thanh. Quá trình chuyển gen tạm thời vào tế bào được thực hiện bởi hợp chất ExGen500 (Fermentas). Protein tái tổ hợp thu nhận từ dịch nuôi cấy tế bào trên sau 72 giờ sau chuyển gen được kiểm tra thông qua phương pháp ELISA trực tiếp và SDS-PAGE. Kết quả cho thấy trong môi trường có huyết thanh lượng protein tái tổ hợp thu nhận là 16,6 µg.ml-1, trong môi trường không có huyết thanh là 9,5 µg.ml-1 (khoảng 57% lượng protein sản xuất từ môi trường có huyết thanh). Nghiên cứu cũng cho thấy sự gia tăng hàm lượng protein thu nhận khi tăng cao nồng độ dinh dưỡng của môi trường nuôi cấy tế bào động vật.


Từ khóa: Môi trường có huyết thanh, môi trường Ham’s F12, môi trường không có huyết thanh, môi trường ExCELL® CD không có huyết thanh, protein tái tổ hợp, tế bào CHO-K1, IgG.


SUMMARY


The aim of this research project is to examine recombinant human immunoglobulin G (IgG) heavy chain protein expression in Chinese hamster ovary (CHO-K1) cells in serum-containing medium and serum-free medium. The CHO-K1 cells in Ham’s F12 medium supplemented with 10% of fetal bovine serum (FBS) and in ExCELL® CD CHO serum-free medium were transiently transfected with pHuIgG plasmid containing gene encoding for human IgG heavy chain protein using ExGen 500 transfection reagent. The recombinant protein expressed in culture supernatants at 72 h after transfection were examined by Direct ELISA and SDS-PAGE. Results indicated that the full-length human IgG heavy chain protein was highly expressed, at 9.5 µg ml-1, in the serum-free medium, approximately 57% of that in the serum-containing medium, 16.6 µg ml-1. Biological protein productivity of cells in animal component-free medium would be higher if the medium is developed at a higher nutrient level.


Key words: CHO-K1 cells, ExCELL® CD CHO serum-free medium, Ham’s F12 medium, human IgG heavy chain protein, recombinant protein expression, serum-containing medium; serum-free medium.


1. INTRODUCTION 


1.1. Human immunoglobulin G (IgG)


Human immunoglobulins are a group of structurally and functionally similar glycoproteins that confer humoral immunity in humans (Spiegelberg 1974). They are composed of 82-96% protein and 4-18% carbon hydrate. There are five classes of immunoglobulins (IgG, IgA, IgM, IgD, and IgE), in which IgG is the most special antibody that will be discussed.


Human IgG antibodies play very important roles in human immune system due to their specific reactions of the fragment antigen-binding (Fab) region with antigen (primary function) and effector functions (secondary function) (Hamilton 2001). IgG molecules have highest synthetic rate and longest biological half-life of immunoglobulin in serum (Aalberse, 1983). In addition, they can bind to a wide range of pathogens, for instance bacteria, viruses, fungi by agglutination, immobilization, compliment activation, and opsonization for phagocytosis and neutralizationthem. Human IgG, indeed, displays high antibody-dependent cell-mediated cytotoxicity and complement-dependent cytotoxicity, and that makes it the best suitable for therapeutic uses against pathogens and cancer cells (Hamilton 2001). 


Although human immunoglobulin G (IgG) has unique and essential roles over the other immunoglobulin molecules (IgA, IgD, IgE and IgM) in immune system, studies on its production by molecular biotechnology are limited. 


1.2. Chinese hamster ovary (CHO) cells for
         protein production


Chinese hamster ovary (CHO) cells are a cell line derived from a biopsy of an ovary from a female Chinese hamster first cultured by Puck in 1958 (Puck, 1958), and were cloned into many different sub-lines. CHO cells are adherent and epithelial-like cells and usually used in biological and clinical researches including studies of genetics, toxicity screening, nutrition and gene expression, particularly to therapeutic recombinant protein expression (Puck 1958; Ham 1965; Kao and Puck 1968). CHO cells are most commonly utilized since they are also well characterized, known for the stability of chromosomal transgene integrations and expression, known for rapid growth and easy-to-cultivate at large scale (Lucas et al. 1996; Korke 

et al. 2002), and simple to adapt for suspension growth in serum-free media (Zang et al., 1995).

Chinese hamster ovary (CHO) cells for recombinant protein production have been well studied in the aspects of adapting them into serum-free medium for their cultivation in stirred bioreactor. Researchers have been developing transfection conditions to take full advantages of Chineses hamster ovary (CHO) cells for recombinant protein production. And serum-containing medium with many adverse effects on protein production needs to be replaced by an alternative medium, serum-free medium. 


1.3. Serum-containing medium and serum-free
        medium


Mammalian cells, which are considered as wonderful host cells for therapeutic protein production, require a comprehensive mixture of nutrients in order to survive and grow in vitro (Xie et al., 2003). Many basal media comprising basic ingredients such as glucose, amino acids, vitamins, and various salts are now commercially available . Nevertheless, for cell growth and protein expression these media often require supplementation of fetal bovine serum (FBS). This animal serum, in fact, provides cells with a good basic source of nutrients; but it, in the other hand, associates a lot of disadvantages. At first, it is very expensive ($162 - $199 for 500mL of FBS Heat Inactivated, and $427 for 500mL of FBS Charcoal-Stripped, Sigma-Aldrich), and is not readily available in amounts as required for commercial processes. In addition, it is a chemically undefined commodity containing many major components as well as minor components that have not been fully identified, making their action differ from batch to batch, and their various effects on cell cultures (Zutphen et al., 2001).


In this paper we examine recombinant human immunoglobulin G (IgG) heavy chain protein expression in Chinese hamster ovary (CHO-K1) cells in serum-containing medium and serum-free medium. In methodology, CHO-K1 cells in Ham’s F12, 10% FBS medium and ExCELL® CD CHO serum-free medium were transiently transfected with gene coding for human IgG heavy chain protein using ExGen 500 transfection reagent. After transfection three days, culture supernatants of transfected cells were recovered for direct enzyme-linked immunosorbent assay (ELISA) and sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). The results showed a higher concentration of recombinant protein in the serum-containing medium, but much cleaner recombinant protein in the serum-free medium. These findings suggest that serum-free medium can give commercial benefits in therapeutic protein manufacture industry although its nutrient level needs improving.

2. MATERIALS AND METHODS


2.1. Cell line and vector


CHO-K1 cell line


Chinese Hamster Ovary cell line, CHO-K1 (ATCC CCL 61), is one of the sub-lines cloned from original cell line that was initiated from an ovary biopsy of a female Chinese hamster. CHO–K1 cells are proline-requiring and are epithelial–like cells. They are commonly used in studies of genetics, toxicity screening and gene expression, especially for expression of recombinant proteins (Puck, 1958; Ham, 1965; Kao and Puck, 1968).

pHuIgG vector


Recombinant plasmid DNA containing human IgG heavy chain used for gene transient transfection in this research, pHuIgG, was graciously provided by Dr. Do Minh Si (Faculty of Biology, University of Science HoChiMinh City) Main components of the plasmid were described in Figure 1.


Structure of the pHuIgG vector contains functional regions (CMV enhancer – enhancer from Cytomegalovirus; CMV promoter – promoter from Cytomegalovirus; huIgG heavy chain – coding region for human IgG heavy chain protein; Ter – Rabbit β-globin terminator; Ori – E.coli replication origin; Kan R – Coding region for Kanamycin resistance) and some restriction sites.


2.2. Methods


2.2.1. Cell culture


For serum-containing medium, CHO-K1 cells were cultured in T-25 flasks at 37 0C and 5% CO2 in Ham’s F12 medium supplemented with 10% fetal bovine serum (FBS), 100 U ml-1 penicillin G (Sigma), and 100 µg ml-1 streptomycin (Sigma). Cells were seeded at a density of 105 cells ml-1, and culture medium was refreshed every 3 days. In order to refresh culture medium, gentle pipetting was directly used to suck dry the poor nutrient medium prior to adding 5 ml of new medium.


For serum-free medium, CHO-K1 cells were grown in suspension in a commercially available animal component-free medium, ExCELL® CD CHO serum-free medium (Sigma), supplemented with 100 U ml-1 penicillin G (Sigma), and 100 µg ml- streptomycin (Sigma). They were adapted in the chemically defined serum-free medium for 2-3 days. Centrifugation at 2,500 rpm for 5 min was demanded to pellet the cells prior to resuspending cells in 5 ml of fresh medium.


2.2.2. Transient transfection of CHO-K1 cells


With the growth-curves determined in 3.2.2, 12 h after culture was considered as the suitable time for gene transfection of CHO-K1 cells in both Ham’s F12, 10% FBS medium and ExCELL® CD CHO serum-free medium. ExGen 500 in vitro Transfection Reagenet kit (Fermentas) was applied, and there were 3 steps in the transient transfection. 
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Figure 1.  pHuIgG vector


Cell plating


CHO-K1 cells in serum-containing medium and serum-free medium were subcultured into 4 wells of 24-well plate for each type of the media with viable cell density of 105 cells ml-1 in 1 ml of culture medium. 


ExGen 500/pHuIgG complex preparation


60 µl of recombinant plasmid pHuIgG solution which contained gene coding for human IgG heavy chain protein was pelleted by centrifuged at 13,000 rpm for 20 min in a 1.5-ml Eppendorf tube. The supernatant was gently removed by pipetting and the plasmid pellet was then air-dried at room temperature for 10 min before being diluted in 600 µl of 150 mM NaCl. The Eppendorf tube was vortexed briefly for 5s. 19.8µl ExGen 500 was added and vortexed immediately for 10s. Then the mixture was incubated at room temperature for 10 min for ExGen 500/pHuIgG complex formation.


Transient transfection of cells with ExGen 500/pHuIgG complex


After CHO-K1 cells had been cultured for 12 h, both media were respectively refreshed with 400 µl of transfection media without antibiotics, i.e. Ham’s F12, 10% FBS was used for adherent cells, and ExCELL®  CD CHO serum-free medium for suspended cells. Three out of 4 wells for each type of the media were transfected with 100 µl of ExGen 500/pHuIgG complex solution per well by dropping, and the remaining well was added with 100 µl of sole ExGen 500 reagent, considered as control. The plate was incubated at 370C and 5% CO2 for 3 h. Each of the wells was supplemented with 500 µl of transfection media and incubated for further 69 h. After 72 h incubation, culture supernatants from the wells were recovered by centrifugation at 2,500 rpm for 5 min and stored at -200C until used for recombinant protein analysis by Direct ELISA and SDS-PAGE.


2.2.3. Bradford protein assay


Bovine serum albumin 100 mg ml-1 was prepared by dissolving 300 mg of BSA powder in 3 ml of PBS, pH 7.4. Each of the bovine serum albumin solutions was transferred to 3 test tubes with 0.5 ml per tube. 19 new test tubes were required involving 15 tubes for 5 BSA solutions, 3 tubes for blanks containing 0.5 ml of PBS used to prepare BSA solutions and 1 tube for the sample containing 0.5 ml of human IgG heavy chain protein with unknown concentration. The standard protein solutions, blanks and sample were then diluted 10 times by 4.5 ml of Coomassie Brilliant Blue R-250 solution. After brief vortex for 5s and incubation for 20 min at room temperature, the absorbance was read with SP65 spectrophotometer at wavelength of 595 nm.


2.2.4. Direct ELISA 


The diluted standard IgG solutions, blanks and samples were incubated in a 96-well plate at 100µl. The plate was covered carefully with aluminum foil. Coating solutions were removed and the wells were washed 3 times by 250 µl of washing buffer. Remaining protein-binding sites on the well surface were blocked by adding 150 µl of blocking buffer and incubating for 1h at room temperature. Next 100µl of secondary antibody, anti human IgG heavy chain protein conjugated with horseradish peroxidase enzyme, was added. The absorbance of each well was read with SpectraMax Plus384 Microplate reader at wavelength of 450 nm. 


2.2.5. SDS-PAGE


The gel was degased and flattened by 2 ml of ddH2O on its surface. A clean 10-well comb was inserted straight on down on the top of stacking gel, then a little more stacking gel was softly poured on the sides of the comb to fully seal it. The latter gel was solidified and associated with the former at room temperature after 30 min.


The culture supernatants were processed in this waiting time. Each of them was mixed thoroughly into sample buffer with ratio 1:1 for Ham’s F12, 10% FBS medium, i.e. culture supernatant 5 µl:5 µl of sample buffer (2X), and with ratio 4:1 for ExCELL® CD CHO serum-free medium, i.e. culture supernatant 20 µl : 5 µl of sample buffer (5X). The mixtures were then heated at 960C for 5 min in a water bath.


The gel was then soaked in 7% (v/v) acetic acid for 7 min prior to soaking in 200 ml of 50% (v/v) methanol twice, 20 min for each, was stained by soaking in silver staining solution for 15 min. Washing the stained gel by 200 ml of ddH2O for 5 min was repeated before the bands were visible by soaking the gel in developing solution for 15 min. The development was stopped by rinsing the gel 3 times with 200 ml ddH2O.


2.2.6   Statistical analysis 


Data were expressed in means ± SD by Microsoft Office Excel 2003.


3. RESULTS AND DISCUSSION


3.1. Growth-curves of CHO-K1 cells in Ham’s
        F12, 10% FBS medium and ExCELL® CD
        CHO serum-free medium


The resulting growth-curves of CHO-K1 cells in serum-containing medium and serum-free medium indicate some differences in their growth phases in these two different media. Firstly, although the initial viable cell densities in two types of media are comparative (0.92 x 105 cells ml-1 versus 0.91 x 105 cells ml-1, respectively), and their lag phases and log phases are quite similar in span of times, the number of viable cells in Ham’s F12 10% FBS medium is obviously higher than that in ExCELL® CD CHO serum-free medium, 3.19x105 cells ml-1 compared to 1.91 x 105 cells ml-1. This observation may be due to the higher growth rate of


the cells in the medium richer in nutrients.


3.2. Concentration of standard human IgG
          heavy chain protein solution by Bradford
          protein assay


Basing on the standard line equation of BSA protein, y = 0.0399x + 0.7498, where y is ΔOD 595 nm value and x is concentration of BSA (mg ml-1), concentration of unknown human IgG heavy chain protein is specified. Because its OD 595 nm is 0.771 and PBS OD 595 nm is 0.017, its ΔOD 595 nm is equal to 0.754 (y value). And the concentration of the protein (x value) is inferred from the standard line equation, 0.1053 mg ml-1. Because the protein solution was diluted 10 times in Coomassie Brilliant Blue R-250 solution, the concentration of original human IgG solution was 1.053 mg ml-1.
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		Figure 2a. Growth-curve of CHO-K1 cells in Ham’s F12, 10% FBS medium


Grand means of viable cell density (x105 cells ml-1)
     from the individual means in triplicate at different 
     times were plotted (means ± SD, n = 3).

		Figure 2b. Growth-curve of CHO-K1 cells in ExCELL® CD CHO serum-free medium


Grand means of viable cell density (x105 cells ml-1) 
        from the individual means in triplicate at different 
       times were plotted (means ± SD, n = 3).
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Figure 3. Standard line of bovine serum albumin (BSA) protein


Five concentrations of BSA, 0.016, 0.08, 0.4, 2, and 10 mg ml-1 (x axis), and 
their ΔOD 595 nm values (y axis) made a standard line by adding trendline, n = 5.


3.3. Concentrations of recombinant human IgG
        heavy chain protein by Direct ELISA


The concentrations of recombinant human IgG heavy chain protein in culture supernatants are found out using the standard line equation y = 0.0053x + 0.4036 (Figure 4-5), where y is ΔOD 450 nm value and x is concentration of the protein. The resulting concentrations of expressed human IgG heavy chain protein in Ham’s F12, 10% FBS medium and ExCELL® CD CHO serum-free medium are illustrated. 


It is comparable to the highest expression level of Chinese hamster ovary (CHO-K1) cells in a latest study by Haldankar et al. (2006).

3.4. Full-length recombinant human IgG heavy
       chain protein by SDS-PAGE
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Figure 4. Standard line of human IgG heavy chain protein concentrations


Serial dilutions of standard human IgG heavy chain protein concentration consisting of
3.3, 6.6, 13.2, 26.3, 52.7 and 105.3 µg ml-1 (x axis), and their ΔOD 450 nm values (y axis) 
made standard line of the protein concentration by adding trendline, n = 6.


Table 1. Absorbance and concentrations of recombinant human IgG heavy chain protein
in Ham’s F12, 10% FBS medium and ExCELL® CD CHO serum-free medium


		

		Ham’s F12, 10% FBS medium

		ExCELL® CD CHO serum-free medium



		Sample

		1

		2

		3

		C (a)

		1

		2

		3

		C (b)



		OD 450 nm (c)

		0.512

		0.494

		0.468

		0.028

		0.446

		0.443

		0.473

		0.040



		ΔOD 450 nm (d)

		0.609

		0.591

		0.565

		0.125

		0.543

		0.540

		0.570

		0.137



		[IgG] (µg ml-1) (e)

		20.5

		17.1

		12.2

		-70.9 (f)

		8.0

		7.4

		13.1

		-68.6 (g)



		Average [IgG] (h) (µg ml-1)

		16.6 ± 3.4

		9.5 ± 2.6



		

		

		





For Ham’s F12, 10% FBS medium, there are many dark bands (event smears) distributing thorough the lanes (Figure 5) although a very small amount of samples (2.5 µl) is loaded, because of ratio of sample/sample buffer 1:1, and loading volume, 5 µl per well. That reveals the presence of various proteins with high concentrations in the medium. It should be specially remarked the four big bands at 50 kDa in lane 1, 2, 3 and 4, in which the negative control (line 1) shows a similar band as the samples. This is contrary to the negative result in Direct ELISA. Actually, it can be interpreted by the presence of other proteins in serum, involving bovine antibodies in bovine serum albumin. Disulfide linkages in these bovine proteins are also reduced and they are identically charged by sodium dodecyl sulfate, and are also linearized by 2-β-mercaptoethanol at high temperature along with human IgG heavy chain protein. As the result, they interfere with the target protein and create undistinguishable bands in the gel. That is the reason why in manufacture of protein-based drugs, serum-free medium is recommended (Hodgson, 1993).
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		Figure 5. SDS-PAGE gel of samples and molecular weight ladder stained by silver staining solution

The gel was loaded with different volumes of sample/sample buffer with different ratios. For Ham’s F12, 10% FBS medium, lane 1 was the control transfected with sole ExGen 500, and lane 2, 3, 4 were samples transfected with ExGen 500/pHuIgG complexes. For ExCELL® CD CHO serum-free medium, lane 5, 6, 7 were samples transfected with ExGen 500/pHuIgG complexes, and lane 8 was the control transfected with ExGen 500 only. Lane 9 was SpectraTM Multicolor Broad Range Protein Bladder (MBI Fermentas), including 10 bands from the top to the bottom with 260, 135, 95, 72, 52, 42, 34, 26, 17 and 10 kDa, respectively. The arrow pointed the position of recombinant human IgG heavy chain, 50 kDa.





For ExCELL® CD CHO serum-free medium, a few of thin bands (line 5, 6, 7 and 8) indicate a low-protein medium for protein expression even though the samples are condensed 16 times compared to the serum-containing samples, i.e. ratio of sample/sample buffer 4:1, and loading volume 20 µl per well. No band in the control sample (lane 8) at position of 50kDa shows that the negative control works well without contamination of the target protein. The concentration of recombinant human IgG heavy chain protein in the culture supernatant is too low, 9.5 µg ml-1, to give clear bands. Therefore, the samples have been highly condensed up to 16 times, and the gel has been stained by silver staining, which is much more sensitive than Coomassie Brilliant Blue. Anyway, it was clear that the recombinant protein was expressed in full-length (lane 5, 6 and 7 focused in open rectangles, at 50 kDa) in the serum-free medium, and bovine proteins complicatedly interfered with the target protein in the serum-containing medium.


4. CONCLUSIONS


This study was designed to examine recombinant human IgG heavy chain protein expression of Chinese hamster ovary (CHO-K1) cells in Ham’s F12 medium supplemented with 10% fetal bovine serum (FBS) and ExCELL® CD CHO serum-free medium. The findings were based on the analysis of the culture supernatants by Direct ELISA and SDS-PAGE at 72 h after transient transfection of the cells with pHuIgG plasmid containing human IgG heavy chain protein. It was found that the full-length recombinant protein was expressed as highly as 9.5 µg ml-1 in ExCELL® CD CHO serum-free medium (Sigma-Aldrich). This was brought about by Direct ELISA with standard human IgG heavy chain protein solution, and obvious bands at 50 kDa in the gel of SDS-PAGE. However, the concentration of the target protein in the serum-free medium was approximately 57% of 

that in Ham’s F12, 10% FBS medium due to the low nutrient of serum-free medium. If a new serum-free medium contains higher amount of

 proteins (certainly, not animal-derived proteins), the productivity of recombinant protein in the serum-free medium would get higher. Hence, there appears to be a great potential for scientists to develop a higher nutrient serum-free medium for protein production.


In addition, further experiments on stable gene expression should be done for deeper understanding of protein production in mammalian cells. Other mammalian cells, such as Hela cells, human embryonic kidney 293 (HEK 293) cells, and K-562 cells, should be involved in transfection with other genes of interest. Particularly, for human immunoglobulin G (IgG) production, the heavy chain protein-coding gene along with the light chain protein-coding gene should be transfected into mammalian cells. 
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