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Low field nuclear magnetic resonance for rapid quantitation
of microalgae lipid and its application in high throughput
screening
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Abstract: A rapid and accurate determination method of lipids in microalgae plays a significant role in an efficient
breeding process for high-lipid production of microalgae. Using low field nuclear magnetic resonance (LF-NMR), we
developed a direct quantitative method for cellular lipids in Chlorella protothecoides cells. The LF-NMR signal had a linear
relationship with the lipid content in the microalgae cells for both dry cell samples and algal broth samples (R*>0.99).
These results indicated that we could use this method for accurate determination of microalgal lipids. Although LF-NMR is
a rapid and easy lipid determination method in comparison to conventional methods, low efficiency would limit its
application in high throughput screening. Therefore, we developed a novel combined high throughput screening method for
high-lipid content mutants of C. protothecoides. Namely, we initially applied Nile red staining method for
semi-quantification of lipid in the pre-screening process, and following with LF-NMR method for accurate lipid
determination in re-screening process. Finally, we adopted this novel screening method in the breeding process of
high-lipid content heterotrophic cells of C. protothecoides. From 3 098 mutated strains 108 high-lipid content strains were
selected through pre-screening process, and then 9 mutants with high-lipid production were obtained in the re-screening
process. In a consequence, with heterotrophical cultivation of 168 h, the lipid concentration could reach 5 g/L, and the
highest lipid content exceeded 20% (W/W), which was almost two-fold to that of the wild strain. All these results

demonstrated that the novel breeding process was reliable and feasible for improving the screening efficiency.
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Table 1 Medium component
Constituents Concentration (mg/L) Constituents Concentration (mg/L)

Glucose 50 000 Na,CO3 20.000
NaNO; 5000 Na,Mo0,-2H,0 0.390
MgS0,4 7H,O 300 MnCl,-4H,0 1.810
CaCl,-2H,0 40 ZnS0O4 7H,0 0.222
Citric acid CuSO,-5H,0 0.079
Ferric ammonium citrate Co(NO3), 6H,O 0.492

EDTA
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(Dry cell weight,
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Fig. 1 The linear relationship between LF-NMR signal intensities and the lipids quantity or lipid contents. (A)
Glycerol trioleate. (B) Extracted algal lipids by Soxhlet method from C. protothecoides. (C) Dry microalgae cells. (D)
The calibration curve of LF-NMR signal intensity with algal lipid content (GC-MS determination) in dry cells.
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Fig. 2 The calibration curve of LF-NMR signal

intensity with lipid concentration in algal broth. All the
lipid contents were quantified by GC-MS method.
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Table 2 Comparison of lipid determination between conventional determination methods and LF-NMR method

Measuring methods Dry cells Extraction or staining  Duration Accuracy Application

Direct det inati £
LF-NMR Needn’t No 3-5min  High (R*=0.99) frect defermination for

lipid content

Direct detection for lipid
GC-MS Need Extraction 24-48h  High (R*>0.99) Ty M S
constituents
Soxhlet extraction Need Extraction 24-48 h Low (with impurity) Extracted lipid
Stained by Nile red Needn’t Staining 30-40 min  Medium (R?>0.98) High throughput screening
® 010-64807509 K cjb@im.ac.cn
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Fig. 3 Lethal percentages of C. protothecoides cells

mutation methods. (A) UV

treated by different
radiation. (B) LiCl. (C) ARTP.
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Fig. 4 Positive mutation rates of C. protothecoides

cells treated by different mutation methods. (A)

Treated by ARTP with or without orlistat. (B) Treated

by five different mutation methods with orlistat.
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*3 BFFHREERAERLELIE
Table 3 Verification of high lipid content strains grown in shaking flask

The sixth generation The first generation
Sl Lipid concentration Lipid content Lipid content Lipid concentration
measured by LF-NMR DCW (g/L) measured by LF-NMR  measured by GC-MS measured by LF-NMR
(g/L) (%) (%) (g/L)
WT 1.32 14.4 9.18 9.32 1.29
B2 2.22 15.3 14.51 14.49 2.26
BS5 2.64 17.6 15.00 15.06 2.68
B7 2.72 16.7 16.29 16.21 2.71
1 2.18 16.1 13.54 13.61 2.51
7 2.16 14.6 14.78 14.81 2.45
16 2.36 14.8 15.96 15.87 2.35
G1H3 2.80 17.1 16.35 16.41 2.82
4E4 2.82 15.9 17.76 17.71 2.82
D4GS 4.19 19.3 21.69 21.61 4.24
A B
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20 20
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Fig. 6 Time courses of cell growth and lipid content of G1H3, 4E4, D4G5 and wild strains cultured in a 5-liter
stirred bioreactor. (A) Cell growth. (B) Lipid content. (C) Lipid concentration.
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Fig. 7 Breeding procedure for high lipid producing strains of microalgae.
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