



The determination of significant factors that contribute to the chemical cell disruption of the microalgal species, Nannochloropsis oculata


Abstract
[bookmark: _Hlk12280556]Biofuel commercialization is complicated because of the cell disruption step within its oil extraction process. The purpose of this study was to identify factors that affect chemical cell disruption of the microalgal species, Nannochloropsis oculata. JMP Software was used to develop a Resolution III screening design: a half fractional factorial design with four center points. The factors tested for significance were pretreatment method, buffer type, buffer volume, incubation time, and incubation temperature. Chlorophyll a is the only type of chlorophyll present in this species and has a narrow absorption band of 20nm. Therefore, a spectrophotometer used to measure the optical density of the lysate supernatant as the response variable. The experiment was statistically analyzed using JMP. Buffer type and volume were found to be the two most significant factors. Using 5 ml of ethanol to lyse 5 ml of algae sample volume proved most successful in lysing the cells. 































Background and Significance 
In 2018, transportation, including cars, trucks, and planes became the number one source of greenhouse gas emission in the United States, surpassing electricity (Milman 2018). A focus on discovering an environmentally friendly fuel has led scientists to work with algae to produce biofuel. The advantages of biofuel are extensive. Biofuel can decrease greenhouse gas emission and slow climate change. Furthermore, algae use sunlight as an energy source and consume CO2, which eliminates any competition for food sources. 
As valuable as the benefits are of biofuel commercialization, the production process is complicated. Algae has a cell wall, generally multi-layer, that is thicker than that of bacterial cells. They are small in size, with a diameter of typical marine microalgae being approximately 2 to 3 micrometers (Kandilian et al. 2013). Mass production of biofuel will need an enormous volume of microalgae. The control of algae growth and the procedure for oil extraction becomes expensive. There have been many extraction methods, mechanical and non-mechanical, tested over the years. These include ultrasound-assisted extraction (UAE), hydrothermal liquefaction (HTL), and enzymatic disruption (Naghdi et al. 2016). Mechanical methods are often not economical because of high maintenance costs in addition to process cost. Enzymatic disruption is also high in cost because it is species dependent (Naghdi et al. 2016). In this study, a non-mechanical, chemical cell disruption method is designed. In order to determine the most effective way to lyse the cells, it is essential to understand the factors that are involved in the process and to establish the factors that affect the process the most.
The presence of chlorophyll a in the supernatant post cell lysis was measured. N. oculata has chlorophyll a as well as carotenoids in their cells, however, is absent of chlorophyll b and c. Chlorophyll a and carotenoids can both be detected by UV spectrophotometry (Fabrowska et al. 2018). The spectrophotometry was performed using a scan setting from 400nm to 700nm, at 10nm increments. Carotenoids have a broader absorption spectrum between 400-500nm (Fabrowska et al. 2018). Chlorophylls have a narrower absorption band of 20nm, therefore, the decision was made to use the absorption measurements that display maximum chlorophyll a content, approximately 662nm, as the response variable for this experiment (Dere et al. 1998). 
This project tests five different factors of chemical cell disruption: pretreatment of cells, buffer type, buffer volume, incubation temperature, and incubation time. A blocking factor was added to account for the variation due to different operators. Four center points were included to account for any curvature in the model. The final design developed for this study was a Resolution III, half fractional factorial design, with four center points and a blocking factor with a total of 16 runs.

Methods
The 20% NaCl solution and lysis buffer were prepared and stored at 2°C. In preparation for the pretreated sample, a 50 ml conical tube of N. oculata culture was treated by resuspending the pellet with 50 ml of 20% NaCl solution after centrifugation at 3000 rpm for 10 min. Two 50 ml N. oculata culture had no pretreatment. All samples were stored at 2°C until cell lysis. 
The algae sample volume was kept constant at 5 ml for cell lysis. 5 ml of the appropriate algae samples were aliquoted into sixteen 15 ml conical tubes. All 16 tubes were centrifuged at 3000 rpm for 10 min. 1 ml of each supernatant was kept to test for any premature cell breakage using spectrophotometry. The rest of the supernatant was discarded. The pellets were resuspended with the appropriate amount and type of lysing solution (ethanol or 1M NaCl, 70mM Tris, 30mM Na2EDTA buffer). The tubes were incubated in the specified environment. The 33°C incubation used a dry incubator, whilst for 66.5°C and 100°C incubation, a water bath was used. After the incubation period, the tubes were placed on ice immediately until all tubes had completed incubation. All tubes were centrifuged at 3000 rpm for 10 min. The supernatants were collected, and cell pellets discarded.
To analyze, 100 μl of the supernatants, previously saved, and the sixteen sample supernatants were aliquoted into the 96-well plate. A spectrophotometer was used to measure the absorbance from 400 nm to 700 nm, at 10 nm increments. The absorbance data and the graphs developed from the scan were used to determine the carotenoid and chlorophyll a presence in the supernatant by the position of the peaks. Chlorophyll a content between 660-670 nm specifically was used as the response variable. 

Results 
The results showed that buffer type and buffer volumes were the most significant factors contributing to the lysing of N. oculata. The averaged absorbance measurement was used as the response variable. The numbers were inserted and JMP generated an analysis. 
[image: ]In this experiment, a screening design was used to determine the individual significant factors that affect algae cell lysis. The ANOVA table for the preliminary model illustrated an F-ratio of 13.2027 and p-value of 0.0014; less than the specified alpha level of 0.05; indicating that the overall model is significant. This model described approximately 93.78% of the variation. In screening designs, the goal is to determine the factors that have significant effects on the response variable. The effects of the factors are described in the “Parameter Estimates” and “Effect Tests” tables (see Appendix Table 5). A p-value of less than 0.05 is used to determine the factor(s) which are significance in this model. Buffer type had the largest effect in the lysing of cells. The p-value for buffer type is ˂0.0001 and had the largest sum of squares, ~0.139. Although buffer volume had a p-value slightly larger than 0.05 at 0.0566, it had greater significance to the response of this experiment in comparison to the other factors in the study. Temperature was expected to be one of the significant factors when lysing microalgal cells. There are many methods including microwave-assisted extraction (MAE) and autoclaving that uses high temperature that are scientifically proven to lyse microalgal cells (Surendhiran et al. 2014). Unexpectedly, temperature had a p-value of 0.6011, suggesting that it had the least effect on the lysing of N. oculata.
A refined model was created keeping two significant factors; buffer type and buffer volume. The blocking factor was also kept in the refined model regardless of the higher p-value it generated in the preliminary model. (The high p-value, 0.5952, for operators show that having multiple operators did not cause an impact in the results.) ANOVA for the refined model resulted in an F-ratio of 21.87 and a p-value of ˂0.0001, an improvement from the preliminary model. This model accounts for approximately 91.62% of the variation. The lack of fit shows a small p-value, indicating that the model should be revised to include curvature. Within the refined model, all tested factors, buffer type and buffer volume, have small p-values. In the “Scaled Estimates” report, the estimated effects of the four operators can be seen. There is very little difference between the different operators. The “Prediction Profiler” suggests that to maximize response, absorbance from chlorophyll a content, the desirable condition for microalgae cell lysis is to use ethanol at a 1:1 ratio with the sample volume. With this setting, the maximum absorbance of approximately 0.257 with a 95% confidence interval between 0.217 and 0.296 is possible. The residuals produced from the model were studied. The distribution of the residuals was found to be normal. Constant variance and independence of residual points overtime was observed in the “Residual by Predicted Plot” and “Residual by Row Plot” generated; therefore, this model is acceptable. 

Discussion / Conclusions
The statistical analysis using JMP determined the significant factors of this experiment; buffer type and buffer volume. Figure 1 graphically illustrates the comparison of two samples, the lowest and highest in chlorophyll a detection, for both factors. Ethanol clearly was the better lysing solution in comparison to the lysis buffer. This confirms our hypothesis that using acid is a better lysing chemical for microalgae, because it is closer in pH to the gastrointestinal environment of fish that are known to feed on the algae. Using 5 ml of ethanol resulted in higher absorbances in comparison to using 10 ml of ethanol. This can be explained by microalgae and lysing solution ratio. The results indicate that a 1:1 ratio of the microalgae and lysing solution is enough to break the cells open. Doubling the lysing solution does not improve the process; however, it diluted the concentration of the microalgae. 
[image: ]factors, 1 blocking factor, and 4 center points. 
Figure 1. Spectrophotometric scan from 400-700nm comparison of lowest and highest OD measurement for chlorophyll a presence. (a) Buffer types: low #2 with lysis buffer and high #9 with ethanol, (b) Buffer volume: low #3 with 10ml and high #9 with 5ml.

The presence of the chlorophyll was also reviewed by visual inspection. N. oculata contains chlorophyll a which reflects green light. Thus, when the chlorophyll is contained within the cell membrane, the cell will look green. The cell wall composition of microalgae is approximately 80% cellulose and polysaccharide known as sulfated fucans, which is yellowish white in color (Corteggiani et al. 2013). After centrifugation of successfully lysed microalgae samples, white cell debris is observed at the bottom of the tubes and the supernatant is green indicating chlorophyll presence. These visual inspections matched the statistical results. Dark green supernatants yielded higher absorbance measurement. 
	Overall, ethanol proved to be a good lysing solution because of its low pH and polarity. Lipids that are used for biodiesel are non-polar; however, lipids of the cellular membrane are polar (Naghdi et al. 2016). Therefore, a polar solvent such as ethanol will help dissolve the lipids and disrupt the morphological structure of the microalgae. A 1:1 ratio of microalgae and ethanol is adequate for successful cell disruption. To optimize this cell disruption method, different concentrations of ethanol should be tested. Also, other acids should be tested to determine the most cost effective and less harmful to the environment solvent. 
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Appendix

[image: ]Table 3. Chlorophyll and carotenoid content detection from retrieved supernatant post cell lysis using spectrophotometry. 

[image: ]Table 4. Design table generated by JMP; one half fractional factorial design with 5 experimental factors, 1 blocking factor, and 4 center points. 


Table 5. Effect tests of the preliminary model analysis. 
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Figure 2. Process map of N. oculata lysis using IC-Six Sigma-Process-Map template.
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Base
Content  aVeleneth No 3.3day 7day 12 3 4 s 6 7 8 9 10 11 12 13 14 15 16
() pretr prets pretr
Carotenoid | 430 0074 0059 0058 0.066 0.072 0.477 0.363 0.549 0.069 0.071 0.399 0.678 0.059 0.087 0.053 0.082 0.545 0.066 0.237
Chloropiytta 6% 0043 0044 0044 0.040 0.046 0.248 0.185 0.280 0.041 0.041 0.201 0.320 0.041 0,042 0.038 0.041 0278 0.040 0.132
670 0.043 0.044 0.044  0.039 0.045 0.232 0.175 0.265 0.041 0.041 0.189 0.303 0.040 0.041 0.037 0.041 0.262 0.039 0.127





image4.png
Sample _ Pretreatment (days) Buffer Type Buffer Vol. (ml) Time (min) Temperature (min) Operators

1 35 Lysis buffer 75 66.5 12.5 1
2 Lysis buffer 5 33 5 1
3 Elthanol 10 100 20 1
4 35 Elthanol 75 66.5 12.5 1
5 7 Elthanol 5 33 20 2
6 35 Lysis buffer 75 66.5 12.5 2
7 35 Lysis buffer 75 66.5 12.5 2
8 0 Elthanol 10 100 5 2
9 0 Elthanol 5 100 5 3
10 0 Lysis buffer 10 33 20 3
11 7 Lysis buffer 5 100 20 3
12 7 Lysis buffer 10 33 5 3
13 0 Lysis buffer 5 100 20 4
14 7 Elthanol 5 33 4
15 7 Lysis buffer 10 100 4
16 0 Elthanol 10 33 20 4
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Source Nparm DF Sum of Sq. F Ratio Prob>F

Pre-treat days (0.7) 0.00158700 1.1006  0.3290
Buffer type 0.13949082 96.7405  <.0001
Buffer vol. (ml) (5,10) 0.00750000 5.2014  0.0566
Temperature (33,100) 0.00043200 0.2996  0.6011
Incubation time (min) (5,20) 0.00149633 1.0377  0.3423
Operators 0.00291192 0.6732  0.5952
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Table 1. Parameter estimates of the

preliminary model analysis.

Tem Estimate Std Emor _t Ratio  Prob >t
Intercept 0.1351792 0.009572  14.12 <.0001
Pre-treat days (0.7) 0.0115  0.010962 1.05 0.329
Buffer type [ethanol] 0.0964333 0.009804  9.84  <.0001
Buffer vol. (ml) (5.10) -0.025  0.010962 0.0566
Temperature (33,100) 0.006  0.010962 0.6011
Incubation time (min) (5,20) -0.011167 0.010962 03423
Operators[1] -0.008679 0.016488 0.6149
Operators[2] 0.0023208 0.016488 0.892
Operators[3] 0.0212875 0.016489 0.2469

Table 2. Parameter estimates of the refined

model analysis.

Tem Estimate_Std Error _tRatio _ Prob >
Tntercept 01351792 0009572 1412 <0001
Buffer type [ethanol] 0.0964333 0.009804  9.84 <0001
Buffer vol. (ml) (5.10) 0025 0.010649 0.0408
Operators[1] 0008679 0.016018 05998
Operators[2] 0.0023208 0.016018 08877
Operators[3] 0.0212875 0.016368 0.2226
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