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Abstract: The aim of this study was to construct Chlorella mutants deficient in chlorophyll
synthesis by atmospheric pressure room temperature plasma (ARTP) mutagenesis, and screen

FHIH . A PRI 4 (GFICRG202102); [ 7R 44 BL4ili 5 B2 F BL Al i7F 9 2 s 30 H (2019B1515120002)

This work was supported by the GFIC Research Grant (GFICRG202102) and the Guangdong Basic and Applied Basic Research
Foundation (2019B1515120002).

Corresponding author. E-mail: fewd304@scut.edu.cn

Received: 2022-08-24; Accepted: 2022-09-26



1248 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

novel algal species with very low chlorophyll content which is suitable for protein production by
fermentation. Firstly, the lethal rate curve of mixotrophic wild type cells was established by
optimizing the mutagenesis treatment time. The mixotrophic cells in early exponential phase were
treated by the condition of over 95% lethal rate, and 4 mutants with the visual change of colony
color were isolated. Subsequently, the mutants were cultured in shaking flasks heterotrophically
for evaluation of their protein production performance. P. ks 4 mutant showed the best
performance in Basal medium containing 30 g/L glucose and 5 g/l NaNOs;. The protein content
and productivity reached 39.25% dry weight and 1.15 g/(L-d), with an amino acid score of
101.34. The chlorophyll a content decreased 98.78%, whereas chlorophyll 5 was not detected, and
0.62 mg/g of lutein content made the algal biomass appear golden yellow. This work provides a
novel germplasm, the mutant P. ks 4 with high yield and high quality, for alternative protein

production by microalgal fermentation.
Keywords:
chlorophyll; protein; amino acid
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Protein content, yield and productivity of wild type and mutants under mixotrophic and
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i FR T HA 22 MR (P<0.05)., 7E G30-N5 444+
P. ks 4 FUME R T EA 0.62 mgg, MEKT
G30-N2.5 $2 5 1 115.9% H AL T HAth 28 25 5k
fE 6 Ak AW EH A, ARFTREHT
1 P. ks 4>P. ks 2>P. ks 3>P. ks 1,548 ¥k P. ks
4 ()02 R AT A T H AR .

AR SRR EE T, WP AT I 4 fk
RAMRMBE A &a ., P EA=RILE 8. H
BITT R, B A IR e m, N ENS
BTSSR B R R (P<0.05), WFERM, AE
YERH R E AR RE TR, MIRERE MM
B B AR TE M BRSSP e AR
g AR AR, 2 AR TEOR
H R, AR R, ol A E AR B A
UM E R 30 g/L E&EHEF 5 g/L NaNO; (R
G30-N5 445, FEMAMET, Ak P ks 4 3R
ML, S R 25 585 39.25% DW
115 g/(L-d), #HET G30-N2.5 5liteE T
96.34% % 86.75%.

X G30-N5 145 5508 T Bk b4 @ e 4
AT, SERILEE 2. RS AT 18 FhE
Ffg, H Glu. Leu. Ala %5, His. Met
I Cys S . 8 Fh AR TT 2 JE R (essential
amino acid, EAA AR AT EREE, &
TR B 1 T — T B SR A, W S B S R
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N HAREZ AR RER, 3 2 ATAl, P
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Figure 8 Protein content (A) and productivity (B)
of wild type and mutants under various glucose
supplementation modes and nitrogen concentrations.
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¥ 2 f EAA &5 FAO/WHO & 5 FAO/WHO #UBECHHT, 25— FR il 1 2 3k
XL, RN IR K 3 s, K, BOVEWREASRR, P05 518 94.51 Fil 78.74,
SEFREPAERY P ks FIZEASHE P ks 1 MUZ MR 23784k P. ks 4 TCPRMIMEZ MR, Wk 101.34,
WA, AEAR AR . SoQRMW2M B ARG THRORIRE Hcs , S8R E
TPk IR, EIERVE R, 435 49.05 FL bRufE, HE T BT R AR B RO
51.94, 5FR97EMR P. ks 2, P ks 3 MZEIRALN, 2 BTk, A 58784k P. ks 4 L8281k

Fz 2 G30-N5SAFERMRTHFF AP EE AR

Table 2 Amino acid composition in heterotrophic cells of wild type and mutants in G30-N5 group

Amino acids (AA, % DW) P. ks P. ks 1 P.ks2 P.ks3 P.ks4
Total AA 32.03+0.94 29.13+1.24 29.37+1.08 30.26+1.13 34.04+0.92
EAAs

Lys 2.3240.02 1.95+0.11 1.93+0.09 1.92+0.10 1.96+0.05
Trp 0.54+0.06 1.19+0.14 1.12+0.02 1.14+0.07 1.16+0.02
Phe 1.58+0.13 1.36+0.05 1.42+0.12 1.46+0.19 1.55+0.08
Met 0.45+0.02 0.50+0.04 0.79+0.02 0.56+0.02 0.78+0.01
Thr 1.49+0.03 1.34+0.12 1.35+0.06 1.46+0.09 1.71£0.11
Val (BCAA) 1.90+0.09 1.74+0.09 1.7240.10 1.69+0.13 2.03+0.13
Ile (BCAA) 1.04+0.01 0.94+0.02 1.16+0.09 1.30+0.06 1.54+0.02
Leu (BCAA) 2.49+0.01 2.214+0.08 2.34+0.11 2.48+0.12 2.83+0.06
Total BCAA 5.43+0.11 4.89+0.19 5.22+0.30 5.47+0.31 6.40+0.21
Total EAAs 11.81+0.37 11.23+0.65 11.83+0.58 12.01+0.71 13.56+0.47
NEAAs

His 0.74+0.03 0.64+0.02 0.77+0.01 1.05+0.00 0.85+0.03
Asp 2.9240.12 2.55+0.07 2.42+0.03 2.49+0.08 2.65+0.02
Ser 1.44+0.03 1.30+0.03 1.26+0.04 1.37+0.03 1.57+0.11
Glu 4.19+0.12 3.60+0.11 3.42+0.09 3.63+0.11 4.02+0.09
Gly 1.85+0.06 1.63+£0.01 1.54+0.07 1.51+0.03 1.92+0.02
Ala 2.52+0.09 2.33+£0.22 2.29+0.11 2.37+0.01 2.77+0.05
Cys 0.10+0.00 0.07+0.00 0.19+0.01 0.27+0.00 0.42+0.01
Tyr 1.30+0.10 1.1940.01 1.38+0.01 1.49+0.09 1.66+0.06
Arg 1.90+0.02 1.76+0.06 1.77+0.10 1.76+0.01 2.00+0.02
Pro 3.26+0.03 2.83+0.09 2.50+0.09 2.31+0.07 2.62+0.05
Total NEAA 20.22+0.59 17.90+0.60 17.54+0.52 18.25+0.42 20.48+0.45
EAA/NEAAs 0.58+0.03 0.63+0.02 0.67+0.03 0.66+0.01 0.66+0.02

&3 G30-N5 B4R MRTHEF AR T EER TS

Table 3 Amino acid score in heterotrophic cells of wild type and mutants in G30-N5 group

Strains Thr Val Met+Cys  Ile Leu Phe+Tyr Lys Trp Amino acid
score (AAS)

FAO/WHO 40.00 50.00 35.00 40.00 70.00 60.00 55.00 10.00 100.00

recommend

ed model

P. ks 47.45+0.23 60.44+£0.29 17.17+0.12 33.1240.14 78.92+0.56 121.65+1.01 73.65+£0.12 16.83+0.11 49.05+0.25

P.ks1 47.90+0.45 62.33+0.22 18.18+0.14 33.64+0.22 79.27+0.79 81.66+£0.96 69.71+0.29 38.02+0.34 51.94+0.30
P.ks2 47.80+0.30 61.08+0.45 33.08+0.21 40.99+0.16 83.01+£0.29 95.24+0.76 68.41+0.25 38.23+0.03 94.51+0.43
P. ks 3 50.07+0.21 58.00+0.32 27.56+0.26 44.54+0.26 85.27+0.20 97.19+0.89 65.9+0.22 37.58+0.11 78.74+0.55
P. ks 4 52.05+0.34 61.59+0.26 35.47+0.33 46.82+0.21 86.04+0.16 94.46+0.79 59.65+0.16 34.11+£0.09 101.34+0.69

&: 010-64807509 : cjb@im.ac.cn
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