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                            Selecting high producing lines for cells for maximum cell production is a time-consuming and challenging task, especially for the biopharmaceutical sector. To identify early makers for predicting high production reduces the time needed for the development of new cell lines. This is a study that has identified the determinants of a candidate of high production. It has done this by profiling morphological and molecular characteristics of a panel consisting of six Chinese Hamster Ovary (CHO). They have stable cell lines with fluctuating recombinant monoclonal antibody productivity levels, ranging from 2 to 50 pg/cell in a day. It has investigated the relationship between specific productivity and molecular parameters through the growth phase of batch cultures. After the research, the results were statistically analyzed using the Pearson coefficient of correlation.
                            According to this article, the slow recombinant production of protein and its progression in the biopharmaceutical industry result from slow host line cell production. A major problem in generating cells of high production is the lengthy process of selection. An imbalance has portrayed this in the number of chromosomes without the TTAGGG sequence, the methylation of promoters at CpG dinucleotides, and rearrangement of targeted genes of transcriptionally inactive sites. Reduced productivity could also be a result of the slow rate of secretion. The secretory pathway saturation has been regarded as a bottleneck that limits the efficient trafficking of a protein involved in exocytosis mediated by soluble methylmaleimide sensitive factor linked to the protein receptor (SNAREs). It was found out that overexpression of SNAREs, VAMP8, Munch18, and SNAP-23 in several mammalian cells increases the capacity of secretion, which leads to an improvement in the production of cells. These limiting factors can help in productivity prediction. This study provided the productivity makers with high CHO cell specificity, which produces monoclonal antibodies to detect high producers.
Methods and materials used. 
                            The study used 6 GS-CHO cell lines. These cells were numbered based on their productivity in descending order. They were CL38, CL47, CL76, CL150, CL160, and CL164. The cells' biomass and total intracellular content of protein were then determined. Another experiment was conducted, where analysis of cytometric flow, cell size, and viability were done. In this experiment, a cell suspension was put into an FC tube. A solution of propidium iodide was then added to the solution. The solution was then gently mixed by shaking lightly, and analyses were made for cell viability and numbers using cell lab Quanta equipped with argon laser.
                            Another analysis that was done was the determination of the concentration of antibodies. In this experiment, an enzyme-linked immunosorbent assay (ELISA) was conducted to determine monoclonal antibody concentration. After this experiment, intracellular LC and HC polypeptides were analyzed by flow cytometry. The flow cytometry was then analyzed of Golgi content and ER. DNA and RNA cells were isolated. In this phase, they were kept at -80'c for analysis. The LC and HC gene copy numbers were then quantified absolutely. The mRNA of LC and HC expression level were relatively quantified. In this experimental phase, cDNA was prepared from 2 mg of the total amount of RNA that had been treated using DNase was added to the sample 10 minutes before incubation at room temperature. The next experiment that followed was the degradation of mRNA. In this experiment, the exponentially growing cells were reseeded and removed in fresh CD-CHO medium of growth.
Statistical analysis. 
                            Various statistical analysis was then carried out. The first analysis was the person correlation coefficient. This analysis was done to determine the strength of the relationship between the two variables. The other analysis was the student t-test and analysis of variance, commonly known as ANOVA. The results of the data were then prepared in terms of either positive or negative standard deviation. ANOVA was used to identify the differences of molecular markers during the phases of growth.
Results and discussion. 
                              
The results of the above experiments were all recorded, including graphs and tables associated with them. Calculations of specific productivity depending on the cell number, biomass, total protein, and cell volumes were made to investigate the changes in the monoclonal production of antibodies. It was found out that the correlation between polypeptides and specific productions took place on specific days only. HC took place on days 1,3, and5, while LC took place on day 5 only.
                            The literature findings concerning mammalian cell culture production and growth rate seem to be contradicting. According to the experiments conducted, it was shown that the rate of growth was not only shown to be negatively or positively correlated to different workers' production but was also shown to portray no correlation by other experiments. The rate of growth varied depending on the type of the recombinant gene, cell line, or promoter used to generate the product's expression. This seems to be conflicting. This was caused by using highly proliferating cells of a large proportion of the substances available, and a small proportion is driven towards the recombinant's synthesis of the product.
                            The study found out that neither cell size nor total protein content was related to specific productivity. In an experiment to sort cells using centrifugal elutriation based on their phases and sizes, high production was caused by an increase in cells' size. The difference in the size of clones maybe not be adequate to explain the difference in productivity. Also, size is determined by the cells' cycles, which likewise are not proportionally different in different lines of cells. From the results, it is also evident that the protein content does not have to be correlated to the size of the cell to enhance productivity.
                            The Pearson coefficient of correlation helped identify the molecular markers that can represent the relationship with productivity in the best way. Above all the molecular cell size markers, the total content of the Golgi apparatus and protein content never showed any correlation in culture deviation. LC, biomass, specific growth rate, and ER peptide were correlated only to specific productivity at some specific points in time during the phases of growth. The positively correlated relationship between LC mRNA, HC mRNA, HC polypeptides, and intracellular antibodies with certain productivity seemed to be consistent throughout the batch culture phases.
                            In conclusion, enhanced production can arise from several alterations at transcriptional, post-translational, and transcriptional levels in the process of synthesis of monoclonal antibodies. It is very to know that the ways that can be used to enhance future improvements in cell production. The study provided an enhanced understanding of the constraints present in antibody production, which led to decreased production levels.
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