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INTRODUCTION      
 
Animal-derived serum is routinely used to 
supplement basic cell culture medium because in 
addition to adding colloidal osmotic pressure, 
serum provides a complex variety of hormones, 
amino acids, growth factors, attachment proteins 
and micronutrients which support attachment and 
cell growth in vitro1.  Despite the well-
documented benefits there exist several major 
drawbacks to serum supplementation.  Serum is an 
undefined additive derived from pooled animal 
samples with high lot-to-lot variability, resulting 
in unpredictable growth and experimental results2.  
Animal-derived components like serum are 
sources of adventitious infectious agents like 
viruses and prions which can disrupt normal 
culture performance3.  The high levels of proteins 
are problematic for mAb and recombinant protein 
production and purification3,4 and are known to 
interfere in some whole-cell assays.  Additionally, 
serum is very expensive and is high in endotoxin 
levels, and there are growing ethical concerns 
regarding serum collection methods5.                         
 
Using reduced serum or serum-free cell culture 
media provides better control of the culture 
environment, reduces the risk of contamination 
from undefined agents, eases in downstream 
purification of cell culture supernatants and/or 
lysates, reduces reagent use in these same 
downstream processes, and lowers overall cell 
culture costs.  Additionally, with the steady 
advancement of stem cell technology toward 
clinical trials and eventually the promise of routine 
therapeutic applications, the necessary removal of 
undefined xenogenic components like animal 
serum to support undifferentiated expansion in 
vitro will be essential for achieving GMP-level 
production and eventual regulatory approval6.        
 
 

For a variety of routine research applications, cell 
culture performance in serum-free conditions may 
be greatly improved by switching from a standard 
or even an enhanced surface treatment to one of a 
variety of specialty coated surfaces like those 
offered in the Sarstedt GrowCoat line of cell 
culture products.  The GrowCoat line of products 
features gelatin, poly-D-lysine and PureCol® type I 
collagen; coating materials that have been shown 
to enhance cellular adhesion, proliferation and 
health for a variety of fastidious and primary cell 
lines7.  In order to highlight the advantages that 
these biological coatings offer under reduced 
serum or serum-free conditions, cell attachment 
and proliferation tests were performed.   
 
CHO cells were transferred from high serum to 
low serum conditions and cell counts were taken 
over a four day period.  Cells grown on select 
GrowCoat surfaces showed significantly higher 
levels of attachment and proliferation compared to 
cells grown on a standard tissue culture treated 
surface.  WPE-stem cells grown in serum-free 
medium showed a higher overall cell count and a 
higher percentage of attached cells when grown on 
GrowCoat PureCol® type I collagen compared to a 
standard tissue culture surface or a type I collagen 
coating from a leading competitor.  These results 
highlight some of the major advantages of 
switching to Sarstedt GrowCoat products for low-
serum and serum-free applications. 
 
METHODS AND MATERIALS 
 
General 
All data was analyzed and graphed using 
Microsoft Excel.  Images were taken using an 
OptixCam 3.0mp digital camera on an Omano 
inverted, phase contrast microscope.  All 
laboratory consumables were from Sarstedt, and 
all reagents were from Sigma unless specified.       



Reduced Serum Proliferation 
CHO cells were seeded at 3x105 cells/ml into 
Sarstedt standard tissue culture treated T-25 flasks 
and each of three GrowCoat (PureCol® collagen, 
gelatin or poly-D-lysine) coated T-25 flasks.  
Cells were grown for four days in RPMI-1640 
(HyClone) in standard (10% FBS) or reduced-
serum (1% FBS) (Atlanta Biologicals) medium, 
plus 1x P/S/A (Sigma A-5955) at 37°C, 100% RH 
and 10% CO2.  Adherent cells were detached 
using a 16cm cell scraper (Sarstedt) and triturated 
to obtain a single-cell suspension.  Cell counts 
were taken every 24 hours for four days on a 
Countess cell counter (Invitrogen # C10227) 
according to the manufacturer’s instructions. 
 

Serum-Free Adhesion Assay 
WPE-stem cells (ATCC CRL-2887) were grown 
in Keratinocyte serum-free medium with bovine 
pituitary extract and recombinant epidermal 
growth factor provided (Gibco #17005).  Cells 
were seeded at 3x104 cells/ml onto Sarstedt 
standard treated, GrowCoat PureCol® collagen, 
and a competitor’s collagen 6-well plate, and 
grown for ~78 hrs at 37°C, 100% RH and 10% 
CO2.  Suspension cells were aspirated and 
adherent cells were removed enzymatically.  Each 
was counted separately in order to determine the 
effectiveness of the GrowCoat PureCol® type I 
collagen coating at supporting attachment and 
growth under serum-free conditions.   

 
CHO Cells in Reduced Serum Conditions 
It is becoming common for researchers to grow cells in reduced serum medium for a variety of applications 
and experimental methods.  Often this switch leads to reduced initial attachment followed by a substantial 
decrease in the proliferation rate, especially for anchorage-dependent cell lines.  In this experiment CHO 
cells grown previously under only high serum conditions (10% FBS) were switched to reduced serum (1% 
FBS) conditions during a single passage.  Cells were left to grow for four days on a standard tissue culture 
treated T-25 flask or one of three GrowCoat T-25 flasks (PureCol® collagen, poly-D-lysine, or gelatin).   
 
 

    
Figure 1.  CHO cells: four days in reduced serum conditions (left to right: TC treated, PureCol® Collagen, PDL and gelatin) 
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Figure 2. (Left) Daily CHO cell counts under full serum conditions (blue) or reduced serum conditions on standard TC surface (red) 
or GrowCoat surfaces: PureCol®  collgen (orange), PDL (green), and Gelatin (purple).  Significant improvements are seen when cells 
are grown on the GrowCoat PureCol® collagen and poly-D-lysine coated surfaces.  (Right) Day four cell counts of CHO cells reveal a 
substantial recovery in cell density by switching from the standard surface to the GrowCoat PureCol® collagen or poly-D-lysine 
coated surfaces.  Control condition is standard 10% serum.  



As expected, a considerable drop in proliferation was seen following the switch to low serum conditions 
(Fig.1).  Switching the CHO cells to the reduced serum medium on the standard treated surface resulted in a 
nearly 80% reduction in adherent cell count after only four days in culture.  When grown on the GrowCoat 
PureCol® collagen and poly-D-lysine surfaces, however, cell counts recovered by more than 100%.  In 
addition to the significant improvement seen with both coatings, clear morphological differences can be seen 
among the CHO cells grown on the collagen, poly-D-lysine, and gelatin surfaces.  These results demonstrate 
that Sarstedt GrowCoat surface coatings can enhance the attachment and proliferation of cells switched to 
low-serum conditions.  Furthermore, these results reveal that by selecting the proper GrowCoat surface for 
the cell type and application, significant improvements can be made for outcomes like cellular attachment, 
proliferation rate and morphology.    
 
WPE-stem Cells Grown in Serum-free Conditions 
PureCol® brand type I collagen is a superior quality adhesion coating known to enhance attachment for a 
variety of fastidious cell lines under normal culture conditions.  In order to evaluate the performance of the 
GrowCoat PureCol® collagen surface under serum-free conditions weakly adherent WPE-stem cells were 
seeded on the PureCol® collagen-coated surface, a standard TC treated surface, and a type I collagen surface 
from a leading competitor (Competitor B).  WPE-stem cells are weakly adherent on standard TC surface 
treatments and are known to benefit from growth on collagen and fibronectin.  After ~78 hours in culture a 
highly significant 37% increase in the number of attached cells was observed on the GrowCoat PureCol® 
surface compared to the standard treated surface.  Cells grown on GrowCoat PureCol® collagen yielded 
>10% increase in the number of attached cells and a >12% decrease in the number of suspension cells versus 
WPE-stem cells grown on the Competitor B collagen surface.   
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 Figure 3 (A)  (left)  Increased counts for cells grown on GrowCoat, PureCol® collagen surface versus standard TC treated surface 
with % of total cells in suspension provided.  (right) Lower % of suspended cells grown on GrowCoat, PureCol® collagen versus the 
same cells grown on Competitor B collagen. 
 
 

    



Figure 3 (B).  WPE-stem cells grown for seven days under serum-free conditions on (left to right) standard tissue culture treated, or 
GrowCoat PureCol® collagen, gelatin, and poly-D-lysine coated surface. 
As seen in Figure 3(A) (above), WPE-stem cells grown in serum-free medium attached and proliferated at a 
higher rate on the GrowCoat PureCol® collagen and GrowCoat poly-D-lysine surfaces.  Lower cell densities 
and an increased percentage of rounded cells were found on the standard TC treated and gelatin coated 
surfaces.  Moreover, compared to the type I collagen surface of Competitor B, the GrowCoat PureCol® 
collagen surface provided a higher total cell count and a lower percentage of cells lost in suspension.  These 
results show that higher cellular yields and improved attachment can be obtained simply by switching to an 
appropriate GrowCoat surface anytime cells are to be grown under serum-free conditions.  This simple and 
cost-effective step may result in improved proliferation rates and a higher degree of attachment in anchorage-
dependent and fastidious cell lines scheduled for serum-free treatment.         
 
 
Conclusions 
By selecting the GrowCoat surface appropriate for the particular cell type and application, improvements in 
surface adhesion and cellular proliferation can be obtained.  Optimization of these parameters may lead to 
substantial savings in time and material while also improving the quality of cell culture-based experiments.        
 
 
 
 
 
Cell lines grown on Sarstedt GrowCoat surfaces: 

• LNCaP 
• PC-12 
• WPE-stem  (serum-free)  
• HEK 
• CHO 

• L929 
• RBE4 
• VCaP 
• HUV EC 
• HepG2 
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