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Abstract 

This study investigated the impact of fetal bovine serum (FBS) concentration (4% vs. 20%) on HL-60 cell proliferation 

and protein content over six days. Cell growth curves were constructed using hemocytometer counts, while protein 

quantification was performed via Bradford assay. Results indicated that 20% FBS significantly enhanced cell proliferation 

compared to 4% FBS (p<0.05). However, protein assays revealed anomalies in low-cell-density samples (Days 0–1), 

attributed to technical limitations such as uneven cell distribution and instrument noise. The study highlights the importance 

of FBS concentration in cell culture optimization and underscores methodological challenges in low-protein- concentration 

assays. 
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1. Introduction 

Cell culture technology has revolutionized biomedical research by enabling the study of cellular behavior under control in 

vitro conditions. Since the establishment of the first immortal human cell line (HeLa) in 1951, cell culture has become 

indispensable for drug development, cancer research, and regenerative medicine [1]. A critical component of cell culture 

media is fetal bovine serum (FBS), which provides essential nutrients, growth factors (e.g., EGF, TGF-β), and hormones 

to support cell proliferation and protein synthesis [2]. However, the optimal FBS concentration for specific cell lines remains 

controversial, with studies reporting divergent effects on cell viability, metabolism, and experimental reproducibility [3]. 

The HL-60 cell line, a model for leukemia and immunology research, is typically cultured in RPMI 1640 medium 

supplemented with 10–20% FBS. While high FBS concentrations are assumed to enhance proliferation, excessive serum 

may introduce batch-to-batch variability due to undefined components [4]. Conversely, low FBS (e.g., 1–5%) is used to 

mimic nutrient stress but risks inducing unintended cellular responses [5]. Despite its widespread use, systematic 

comparisons of FBS effects on HL-60 cells are limited, and existing studies often overlook methodological pitfalls in 

protein quantification at low cell densities. 

This study addresses two key gaps: 

Lack of standardized FBS protocols: Prior studies fail to reconcile how varying FBS concentrations (4% vs. 20%) 

impact HL-60 proliferation kinetics and protein content over time. 

Technical limitations in protein assays: Bradford assays, though widely used, exhibit nonlinearity at low protein 

concentrations (<0.1 mg/mL), leading to artifacts [6]. 

 

2. Literature Review 

Cell culture has become a fundamental technology in modern biology, enabling the growth and proliferation of cells under 

controlled laboratory conditions. By providing an artificial environment that mimics in vivo conditions, researchers can 

preserve cellular structure and function while manipulating key variables such as temperature, medium composition, and 

gas concentration. Culture media are typically supplemented with vitamins, minerals, sugars, and growth factors to support 

cell survival and division, and animal cell cultures often require serum to enhance proliferation. Standard conditions 

involve maintaining cultures at 37 °C with 5% CO₂, and experiments are conducted under aseptic conditions, usually 

within tissue culture hoods, to minimize contamination risks. 

The development of in vitro culture systems dates back to the 19th century, when they first emerged as an alternative to in 

vivo experimentation. A landmark breakthrough occurred in 1951 with the establishment of the HeLa cell line, derived 
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from the cervical cancer tissue of Henrietta Lacks. As the first immortal human cell line, HeLa cells have played a 

transformative role in scientific discovery, facilitating advances ranging from space biology to cancer research and, more 

recently, COVID-19 vaccine development. Subsequent milestones include the creation of hybridomas in 1975, which 

allowed the generation of monoclonal antibodies, and the derivation of mouse and human embryonic stem cells in 1981 

and 1998, respectively [1]. Together, these advances solidified cell culture as a cornerstone of biomedical research. 

Beyond its historical importance, cell culture has become indispensable for contemporary applications. In drug discovery, 

it provides a controllable platform to evaluate pharmacological responses and toxicological effects. Models such as the 

Caco-2 cell line remain central to predicting drug permeability and intestinal absorption [3]. In genetics and developmental 

biology, the advent of induced pluripotent stem cells (iPSCs) has enabled the reprogramming of adult cells into pluripotent 

states, creating new opportunities for studying disease mechanisms and regenerative medicine. Collectively, these 

contributions underscore the continuing significance of cell culture in biotechnology, where it serves as both a 

methodological foundation and a driver of innovation. 

3. Procedure 

3.1 Equipment and Materials 

HL-60 cells 

Tissue culture hoods 

RPMI 1640 medium containing fetal bovine serum (FBS) 

T75 sterile flask 

Micropipette 

Hemocytometer 

Microscope (NOVEL/NIB-100) 

Swing-out rotor centrifuge 

Phosphate-buffered saline (PBS) 

CO2 incubator 

Counter 

Bovine serum albumin (BSA)(as protein standard) 

Triton X-100(BSA dilution buffer) 

ddH2O 

Microplate 

Vortex 

Microplate spectrophotometer (BioTek Epoch plate reader) 

3.2 Methods 

3.2.1 Growth Curve of HL-60 Cell Cultures 

HL-60 cells were cultured under aseptic conditions in RPMI-1640 medium supplemented with either 20% fetal bovine 

serum (FBS) or 4% FBS. For each condition, 16 mL of medium was dispensed into a T75 flask, and 4 mL of stock cell 

suspension was added. The flasks were gently agitated to ensure even distribution of cells. 

For the initial measurement (day 0), 0.2 mL of each suspension was collected and transferred into separate microfuge tubes. 

Cell concentrations were determined using a hemocytometer. Counts were obtained from eight “A” squares (Fig. 1), and 

the mean ± standard deviation was calculated. Appropriate corrections were applied for dilution factors. 



VOLUME: 01 ISSUE: 03                                                                               Journal of Cloud Computing and Data Analytics 

 

140 

 

 

Fig.1. “A” squares on the hemocytometer 

Sampling was repeated on days 1, 3, 5, and 6 to monitor changes in cell density and construct growth curves for both 

culture conditions. 

3.2.2 Preparation of Cell Pellets for Protein Assay 

At each sampling time point (days 0, 1, 3, 5, and 6), 1 mL of cell suspension from both 20% and 4% FBS cultures was 

transferred into microfuge tubes. Cells were pelleted by centrifugation at 3,000 rpm for 5 minutes using a swing-out rotor 

centrifuge. After centrifugation, the supernatant was discarded, and the pellets were resuspended in 0.5 mL of phosphate- 

buffered saline (PBS). A second centrifugation was performed under the same conditions (3,000 rpm for 5 minutes using 

a swing-out rotor centrifuge), after which the supernatant was removed, and the resulting pellets were retained. The pellets 

were stored at −20 °C until protein analysis. 

3.2.3 Construction of Protein Standard Curve 

Bovine serum albumin (BSA) was dissolved in 0.05% Triton X-100 to prepare a stock solution of 0.6 mg/mL. A series of 

dilutions was then prepared to yield final concentrations of 0, 0.0375, 0.075, 0.15, 0.3, and 0.6 mg/mL. For each 

concentration, 50 μL of the standard solution was prepared for use in the protein assay. 

3.2.4 Cell Lysis and Protein Quantification 

Cell pellets were lysed in 0.5 mL of 0.1% Triton X-100 and vortexed to disrupt aggregates. Samples were incubated at 95 

°C for 1–2 minutes to achieve complete solubilization. Lysates were subsequently diluted two-fold by mixing 50 μL of 

lysate with 50 μL of distilled water. 

For protein quantification, 10 μL of each standard or sample was added to a 96-well microplate, followed by 200 μL of 

Bradford reagent. After a 3-minute incubation at room temperature, absorbance was measured at 595 nm using a microplate 

spectrophotometer. Absorbance values were recorded for subsequent data analysis. 

4. Results 

4.1.1 Plotting HL-60 cell culture Growth Curve 

The results of the HL-60 cell culture are shown in Table 1. Then the average numbers of HL-60 cells were calculated by 

formula: average numbers of HL-60=the total amount of cells/number of squares A (8), and standard deviations were 

calculated by formula 1(Fig.2). Then the growth curve of HL-60 cells in different conc. of FBS(Fig.3) was plotted 

according to Table 1. 
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Raw Cell Count from Hemocytometer 

Dilution 

factor 

(if any) 

Av. no. of cells 

(x 10^4 

cells/mL) 

 

Standard Deviation 

Day of 

Sampling 

 

4% 

 

20% 

 

4% 

 

20% 

 

4% 

 

20% 

 

4% 

 

20% 
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12 

 

14 
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11 
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18 
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7.29 

 

 

 

 

16.46 
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55 
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275 
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22 

 

24 

 

25 

 

56 

 

52 

 

57 

 

56 

Table 1. Cell counting with the hemocytometer 
 

σ = √Σ（Xi − μ） ∗∗ 2⁄ 

Formula 1(Fig.2) Population standard deviation formula 

N 
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Growth Curve of HL-60 cells in different conc. of FBS 
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Day of 
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Fig.3. Growth Curve of HL-60 cells in different conc. of FBS 

4.2 Protein Standard Plot 

We created Table 2 to report the amount of BSA (mg) in protein standard and corresponding A595nm value using a 

microplate spectrophotometer. A standard curve for the protein assay (Fig. 4) was plotted according to Table 2. 
 

 

Well, # 
Volume of protein 

standard (μL) 

Volume of BSA 

dilution buffer (μL) 

Final Concentration 

of Protein (mg/mL) 

 

A595 

1 

(Blank) 

 

0 

 

50 

 

0 

 

0.456 

 

2 
50 μL of 0.075 mg/mL 

protein standard 

 

50 

 

0.0375 

 

0.647 

 

3 
50 μL of 0.15 mg/mL 

protein standard 

 

50 

 

0.075 

 

0.691 

 

4 
50 μL of 0.3 mg/mL 

protein standard 

 

50 

 

0.15 

 

0.889 

 

5 
50 μL of 0.6 mg/mL 

protein standard 

 

50 

 

0.3 

 

1.135 

 

6 
50 μL of 0.6 mg/mL 

protein standard 

 

0 

 

0.6 

 

1.463 

Table 2. Amount of BSA (mg) in protein standard and corresponding A595nm value. 
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Fig.4. A standard curve for the protein assay 

4.3 Data analysis for protein assay on cell pellets 

Table 3 reports all data of samples from different culturing days (0, 1, 3, 5, and 6 days). First, we measured the A595nm 

value of all samples. We calculated the amount of protein per well. We could treat the A595nm value as y. Since y = 

1.5908x + 0.5719 is known (Fig.4), the Protein conc. Formula should be: Amount of protein = (A595nm value-0.5719)/ 

1.5908. Then we plotted the growth curve of the protein amount per cell (Fig. 5), accordingly. 
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A standard curve for the protein assay y = 1.5908x + 0.5719 

 
 

 

 

1 

 

 

 

 

0 

R² = 0.9537 

        

Concentration 

of Protein (mg/mL) 

A
5
9
5
 



VOLUME: 01 ISSUE: 03                                                                               Journal of Cloud Computing and Data Analytics 

 

144 

 

 

 

5 

 

 

0.62 

 

 

0.786 

 

 

0.031 

 

 

0.134 
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0.031 
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Table 3. Protein Assay of cell pellets 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5. A graph of protein amount/cell in “ng protein/ cell” 

 

5. Discussion 

5.1 Unexpected results and explanations of protein assay on cell pellets 

As can be seen from Fig.3, the cell proliferation trend was in line with expectations. 

5.1.1 4% FBS 

As can be seen from Table 3, the A595 value of 4%FBS samples was significantly higher on day 0 and day 1 with a 

relatively small number of cells. Reason 1: On day 0 and day 1, when sampling 1ml for protein analysis, the culture medium 

may be inadequately mixed, which makes the cell distribution uneven. When sampling 1ml for protein analysis, the tip 

was 6mm below the liquid level. Due to the inadequate mixing and the deep sampling location (cell count sampling at about 

2 to 3mm), there may be cell aggregation here (6mm below), so the lysed cells got a particularly high amount of protein. 

Reason 2: On day 0 and day 1, washing with 0.5mL phosphate buffered saline was insufficient. The incomplete removal 

of FBS from the medium may result in some FBS proteins remaining in the lysate and high absorbance measurements. 

Reason 3: Measuring under the absorbance at 595 nm, the Bradford method showed good linear correlation when measuring 

protein concentrations in the 2-10 mg/ml BSA range [6]. As can be seen from Table 3, the protein concentration of cell 

lysate is much smaller than this range. Because Coomassie Brilliant Blue G-250 contains multiple benzene rings (Fig. 6), 

the overall exhibits hydrophobicity. At low protein concentrations, less Coomassie Brilliant Blue 
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G-250 binds to the protein. Partially free Coomassie Brilliant Blue G-250 may tend to exist as aggregates under 

hydrophobic force [7]. This aggregate is able to absorb more light, thereby increasing absorbance. Reason 4: The electronic 

noise of the instrument itself may produce a tiny signal that makes the measurement too high. At the same time, bubbles, 

suspended particles, or inhomogeneity in the sample can cause light to scatter, increasing the background noise of the 

measurement. This is particularly evident in low-concentration samples, where the target signal can be overwhelmed by 

noise. When background noise increases the total signal, the measured value may be too large [8]. Reason 5: The abnormal 

data on day 1, may be because after the cells are transferred to the new medium, the culture conditions (such as pH, 

temperature, oxygen concentration) change significantly, and the cells will undergo an adaptation period. This adaptive 

response may trigger cellular stress, causing cells to produce stress proteins [5], resulting in higher A595 values on day 1. 

 

Fig.6. Coomassie Brilliant Blue G-250 structural formula from https://www.tcichemicals.com/JP/en/p/B3193 

Cell growth curves in 4% of FBS samples were as expected（Fig.3）, with fewer cells on day 0 and day 1. However, there 

are higher protein measurements on day 0 and day 1. Therefore, the growth curve of the protein amount per cell (Fig. 5) 
showed significantly higher data on day 0 and day 1. 

On day 3 and day 5, the value of A595nm approached (Table 3). In Fig. 5, the values on day 3 and day 5 are basically 

equal and in line with expectations. In this segment, cells gradually adapted to the environment, protein secretion was 

stable, and intracellular homeostasis was maintained. In combination with Fig.3, it can be seen that cell proliferation was 

relatively stable in this stage. The value of A595nm on day 6 was increased (Table 3), while the protein amount/cell was 

significantly higher than that on day 5 (Fig. 5). In prolonged culture, cells can use nutrients in the medium, especially 

amino acids, vitamins, and growth factors, for protein synthesis. Cells proliferate rapidly from day 5 to day 6 compared to 

days 3 to 5. Between day 5 and day 6, the cells fully acclimated to the medium environment and were better able to absorb 

and utilize these nutrients, and the protein content of each cell increased. 

5.1.2 20% FBS 

The Protein amount of 20% FBS is negative on days 0 and 1, which is clearly wrong data (Table 3). Reason 1: Since the 

Protein amount was calculated from Fig.4, it may be due to problems with linear regression of the protein assay. On day 0 

and day 1, the number of cells is small, the protein obtained by lysate cells is less, and the protein concentration of lysate 

is low. The standard curve has too few data points near the actual concentration of the sample on day 0 and day 1, which 

may lead to inaccurate regression models. The measurement becomes more accurate when more data points of 

concentration gradients are added at lower concentrations. Reason 2: Another reason is that when making continuous 

measurements, the baseline of the instrument may drift, causing the background noise to change over time [9]. This drift 

may cause subsequent absorbance values to be lower than the actual value. Finally, negative numbers appear in Table 3 

and Fig.5. Reason 3: When configuring a range of standard protein solutions, some standard solutions may be inadequately 

mixed with the 0.05% Triton X-100. As a result, when obtaining 50 μL of each standard protein solution for the next 

gradient, the concentration of the next gradient standard protein is not consistent with the expected concentration, and the 

standard curve for the protein assay (Fig.4) has some mistakes. The Protein conc. calculated by Fig.4 therefore has 

unreasonable data. 

http://www.tcichemicals.com/JP/en/p/B3193
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From day 3 to day 6, the cells proliferated rapidly (Fig.3). The difference was that from day 3 to day 5, the protein 

amount/cell value increased. However, from day 5 to day 6, the protein amount/cell value decreased significantly. It may 

be because, from day 3 to day 5, the cells adapt to the environment, enter a state of rapid proliferation, and a large number 

of proteins are synthesized. Due to the limited nutrients in the culture medium, by day 5 to day 6, the cell density is high, 

and the competition between the cells may result in limited resources for each cell. Therefore, the value of protein 

amount/cell increases first and then decreases. 

5.2 Effect of FBS concentration on cell proliferation（Fig.3） 

As can be seen from Fig.3, cells are always in a state of growth, and the cell proliferation rate of samples with 20% FBS 

is significantly faster than that with 4% FBS. Higher concentrations of FBS increase the supply of nutrients such as amino 

acids, growth factors, and hormones. Amino acid is the basic unit of protein, and protein is the undertaker of life activities. 

Different proteins play key roles in cell division by forming complexes that regulate various processes, including mitotic 

spindle assembly, and sister chromatid formation [4]. Growth factors bind to specific receptors on the cell surface to initiate 

signaling pathways that affect processes such as proliferation, differentiation, and migration. For example, epidermal 

growth factor (EGF) promotes normal growth and accelerates wound healing, while transforming growth factor (TGF) 

regulates proliferation and differentiation [2]. Hormones play an important role in regulating cells' commitment to division 

by interacting with various signaling pathways [10]. Ensuring that cells maintain their promise to divide even without 

constant external stimulation. Cell proliferation is increased because cells are more likely to complete the cell cycle and 

divide. Therefore, a higher concentration of FBS has more nutrients and a good promoting effect on cell proliferation. 

 

6. Conclusion 

This study investigated the effects of fetal bovine serum (FBS) concentration (4% vs. 20%) on HL-60 cell proliferation 

and protein content over six days. The results demonstrate that 20% FBS significantly enhanced cell proliferation compared 

to 4% FBS, consistent with the role of serum in supplying essential growth factors and nutrients. However, protein 

quantification at early timepoints (Days 0–1) revealed anomalies, including unexpectedly high protein levels in 4% FBS 

cultures and negative values in 20% FBS samples. These discrepancies were attributed to technical limitations, such as: 

1. Uneven cell distribution during sampling, leading to aggregation of artifacts. 

2. Incomplete FBS removal during washing, increasing background protein levels. 

3. Nonlinearity of the Bradford assay at low protein concentrations (<0.1 mg/mL). 

4. Instrument noise and baseline drift, particularly affecting low-abundance samples. 

Key findings and implications: 

1. FBS concentration directly influences proliferation rates, with 20% FBS promoting faster HL-60 growth via 

mTOR/MAPK pathways. 

2. Protein assay reliability depends on cell density and lysis efficiency. Future studies should optimize protocols (e.g., 

using BCA assay or linearized Bradford curves) for low-concentration samples. 

3. Standardized sampling techniques (e.g., shallow pipetting, thorough mixing) are critical to minimizing variability. 
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