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Abstract: To enhance the fermentation protein yield of Auxenochlorella pyrenoidosa and its amino acid quality through
combined mutagenesis, the high-protein, chlorophyll-deficient mutant strain CX41, previously obtained by the research team, was
used as the original strain. Combined mutagenesis was conducted using ethyl mesylate and atmospheric and room temperature
plasma, followed by high-throughput screening through a microbial microdroplet culture system and 48-well plate cultivation.
Subsequently, after secondary screening via 250 mL shake flask cultivation, the mutant strain Y11 was ultimately obtained. Under
dark fermentation conditions at 30 “C and 160 r-min "' for 96 h in basal medium containing 30 gL' glucose and 3.75 g-L "' sodium
nitrate, the biomass, protein content, and yield of Y11 reached 9.05 g-L™, 55.54 g/100 g dry weight, and 1.26 g-(L-d) ", respectively,
which were significantly higher than those of the original strain CX41, with increases of 21.15%, 25.60%, and 51.81%, respectively.
The amino acid score (94.41) and total branched-chain amino acid content (6.96 g/100 g dry weight) also improved by 3.49 points
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and 27.35%, respectively. Moreover, compared with CX41, the lutein content (1.12 mg-g "), yield (10.10 mg-L"), and productivity

(2.52 mg-(L-d) ") significantly increased by 4.67%, 26.88%, and 26.63%, respectively. This study provides a theoretical basis and

technical support for the breeding of high-quality microalgal strains by using combined mutagenesis and high-throughput screening

techniques.
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Table 1 Comparison of 22 mutant strains with the original strain

CX41 grown in a 48 well plate

T A Kk & i 5 EXVES
/d™) /(x10° cells'mL ") Ag'L™
CX41 0.97 +0.00 2.44 +0.02 4.17+0.05
Y1 0.99 +0.00 2.62 £0.00 431£0.02
Y2 0.96 0.01 2.35+0.06 4.11+£0.11
Y3 0.96 £0.01 2.29+0.10 4.04£0.18
Y4 0.97 £0.00 2.45+0.02 3.57+0.23
Y5 1.00 £0.00 2.68 £0.00 429 %0.00
Y6 0.99 +0.01 2.62+0.13 4.25+0.05
Y7 1.00 £ 0.00 2.75+0.02 454+0.18
Y8 0.93 £0.01 2.06 +0.04 3.68 £0.03
Y9 1.01£0.00 2.86 £0.02 435%0.08
Y10 0.96 0.01 2.36 £0.08 4.1+0.10
Y11 1.01£0.00 2.84 £0.00 438+0.11
Y12 0.95 +0.00 2.27£0.02 3.93£0.07
Y13 0.96 +0.00 2.28 £0.02 4.13£0.02
Y14 0.90 £ 0.00 1.82+0.00 3.93 £0.00
Y15 0.96 +0.00 2.31+0.04 3.92+0.01
Y16 0.97 +0.00 2.4+0.02 3.61+0.04
Y17 0.88 £0.00 1.68 £0.02 3.64£0.07
Y18 0.82 £0.00 1.36 £0.02 3.13£0.00
Y19 0.83 £0.00 1.4 £0.00 3.81£0.15
Y20 0.96 +0.00 2.33£0.02 3.93£0.20
Y21 0.94 £0.00 2.15+0.04 3.22+0.08
Y22 1.00 £0.01 2.77+0.14 42+0.01
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Fig.5 Comparison of protein production capability
among 7 mutant strains and the original strain CX41 cultured
in shake flask
JE: ** R P<0.01.
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2233 BARRAKEY 1R IR RS T

XA AR e R )RR R Y1 i — 2B
REERR T, SMHEIREFRFM T KB CX41 R
FERR AR L A R 20 AR RASHE Y11 LR
SR F] 39.52 100 g T-5H, HHIRER CX41 $Em T
3021% ; 18 M EIR & Bt s, HAER S 2R
R, B R EEE CX41 325 T 51.75%. iE—B it
Bor, % IEWRE (Essential Amino Acid, EAA) k&
AN 16g100g TH, HEIERSEN 40% ; CHERIER
(Branched-chain Amino Acids, BCAA) 1 &%t LA &
A RE BRI, HAREET] 696% TH, L CX4l
T 2735%. Ak, dF 46 7 & HE B (Non-Essential
Amino Acids, NEAA) /& & 5 23.52¢/100g T .
i it i 515 ) EAA/NEAA 5 0.68, % & FAO/WHO
AR B E AR MESEH (EAA/TAA 1E 40% /4,
EAA/NEAA 7£ 60% UL F)P,

R 2 EHRY11F1H ZRARCXA B BB AR LR
Table 2 Comparison of amino acid composition between mutant
strain Y11 and the original strain CX41

Amino acids (AA, g/100 g T %) CX41 Y1l

Total AA 30.35£0.54 39.52+0.90
Lys 222£0.03 2.89+%0.06

Trp 0.51+0.00 0.68+0.00

Phe 1.49£0.01 1.94 +0.04
Met 1.66+0.06  1.74+0.02
Thr 1.41£0.01 1.79£0.02

Val (BCAA) 1.67+£0.02  2.12+0.05
Ile (BCAA) 1.21+£0.03 1.57£0.05
Leu (BCAA) 2.59£0.05 3.27+£0.10
Total BCAA 547+0.10 6.96+0.20
Total EAA 12.76 £0.21  16.00 £ 0.34
His 0.72+£0.00  0.91+0.02
Asp 2.84£0.10 3.61£0.09
Ser 1.33+£0.04 1.66+0.04

Glu 3.98+0.05 5.51+0.08

Gly 1.68+£0.04 2.22+0.06

Ala 2.55%£0.05 3.08%0.07
Cys 0.18+0.00  0.25+0.00

Tyr 0.95+0.02 1.45+0.05

Arg 228%0.02 3.46=0.11

Pro 1.08 +£0.01 1.37£0.04
Total NEAA 17.59£0.33  23.52+£0.56
EAA/NEAA 0.72+0.00  0.68+0.00
EAA/TAA 0.42+0.00  0.40+0.00
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Table 3 Comparison of amino acid scores between mutant strain

Y11 and the original strain CX41
FAO/WHO

Strains model CX41 Y11

Thr 23.00 31.78+028  32.3+0.42

Val 39 37774055  38.1%0.97
Met+Cys 2 4148+137 356504
Ile 30 2727+0.64 28.32%0.83

Leu 59 5845+1.16 58.82%1.75
Phe+Tyr 38 55079  60.93+1.73

Lys 45 5028+0.69  52.1+1.08

Tip 6 11.48£0.06  12.22+0.06
Amino acid score 100 90.92+2.14  94.41£2.78

(AAS)

2234 YIRZRIH R G E

RAKYI Ehh RS E, 78] F5)
Wik #) 1.12 mgg'. 10.10 mg-L™" 1 2.52 mg-(L-d)",
MR T W K O Bk CX41 [1.07 mgg'. 7.96 mg-L™,
1.99 mg-(L-d) '] 732 T 4.67%. 26.88%. 26.63%,
RO YL [ v 3 3R 4 & i R 15 2] Gong 25 F A
ARTP 3k 158 )38 i@ /N BR 7 (Chlorella pyrenoidosa) 2%
KR A9 [ S mgg! F K, HEE & T Mafalda
2510 F) EMS %45 10 /N 3R 3 (Chlorella vulgaris) 5%
Tk 37Y01 (MRS RN 031 mgg ), —EREE L
R T HAE N E BB ER A EE A O R N AR

3 &g

AHIFFT DL R A% /N EREE B L SR PR CX41 Nk
MR, WL TR - MEER SR I A A
EMS Ab #H ¥ & 400 mmol-L”', ARTP i 4% i [f] 20 s.
BEMIHIEE T EMS-ARTP 5 4 75 48 A5 A T80 i =i = 5
T~ SR d S IR 0 ik e A R AR R,
HE B R E AR R Y1, HAESR30 gL
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