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Enhancement of docosahexaenoic acid production in Schizochytrium sp.

31 combining Ethylmethylsulfone and Atmospheric and

Room Temperature Plasma treatment
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BE AHEZ—ASA BENET S DHA LA E R
Moy 7k ¥ B B B Ak Schizochytrium sp. 31 3E47 F K &% 8%
LE(EMS)# EAFEEZRFH THARTP L 6# L, 5
KA FEFTELS 2ALRTHEFTFHTFTAE FE
BRI RABRERARER TR, SREF.LAAH
TEREFRKE 3220, 25T 2HLEFTHFEF F; L4
FERAAHE S DHA R & F A4k, 3L DHA £ =5
o DHA 4% 5 55 3] 7.2 g/L Fo 43.2% , v & 4k 5 51
% 35.6% 4% 19.2%0: 23 5 R3EH, L X I ATAL T, A
EHRRTERTFTHFLRFORAK, ZEGF LT HRALTF
HEFDHAL A A RAMROART R . LALEC T 5 Rt
Me s BR A MR UG SL F AR T A,
KEW:AAERA;DHAF L FEE
VA e LB (EMS); A 454 %

Abstract: For establishing an efficient and stable mutagenesis method

BF B THRARTP);

on breeding Schizochytrium DHA higher producers, the wild-type
strain named Schizochytrium sp. 31 was mutated combining Ethylm-
ethylsulfone ( EMS) and Atmospheric and Room Temperature

Plasma (ARTP) treatment. Mutagenic efficiency, fermentation inde-
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xes of the mutants were compared and analyzed. Under this
compound mutagenesis method, the positive mutation rate reached
32.2% , which was much higher than that under other two single-fac-
tor mutagenesis methods. Besides, DHA production and DHA per-
centage in total fatty acids reached to 7.2 g/L and 43.2%, which
were 35.6% and 19.2% higher than that of the wild-type strain, re-
spectively. After five rounds of cell culture passages, mutants
induced from compound mutagenesis method showed up with better
genetic stability. This mutagenesis method was proved to be an effi-
cient strategy of breeding Schizochytrium DHA higher producers. It
also provideed references to the breeding practices on the algal higher
producers for synthesizing other types of polyunsaturated fatty acids.
Keywords: Schizochytrium ; docosahexaenoic acid; mutagenesis; at-
mospheric and room temperature plasma; ethyl methanesulfonate;

compound mutagenesis
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BT o 1L 05 45 i 22 T RET L AR (R R T ) A Ok i
ZENEMR . SIEg iRl DHA 1975 20 b, 58
W KB A DHA R E SR B2 g B ™Y
o R JE TS Y T R BR AR AR A B R T AR S A AR
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{19 BF 5 0 T, A R TR R AR AR pHL R v
PEU MRS AL A AL B8 R BE SRS B2 5 DHA (1
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(fatty acid synthase, FAS) & & 148, X A7 76 K 45 AN 1 A fig
05 R 1) SR T 45 [ (polyketide synthase, PKS) -4 miid 27 .
JEEIEH T AR C B N T A & A 9 BAE R b
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FIB .

H LR R £l (EMS) 548 D9 A6 2 548 FLAR AL i) 2 X
DNA | &% % J2 10 98 Rk #6476 A0 1F T T8 A 99 Y o 5 45 Y
o BT EMS i 28 76 SR 9 & R LD RCR AR W A R
MAEE LM A HRE T AR Y BEE
il A5 1 1 PR CARTP) J&— BBt A9 75 A48 H0R B AR R UK
WESGTRCH, 7 A Z B0 06 R ¥ /E T T DNA I, 5] & HE R 28
AR FLA AR A B R P M R R AR AUR AT I L B R
IR AERHIE S Tl R 45 AT . TR s A
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i AR5 AL BRPERE W A S AR T BROARIG R R
b st A RS E B BT A A R 7 DHA A8 Sk A DT 50K EMS-
ARTP & &7 77 ¥ b T 2458 A 7578 & Fh . LU R R
B AR R B 7R DHA A5 1 .
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W obk: 2% ar B ( Schizochytrium sp. S31, ATCC
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1.1.3  Kige

790 By [ B; F 5L A A0E 5 o/ LB AR 1 o/
Bk 1 g/LLBIR 20 /L K & 17.5 g/L, 121 'C KW
20 min;

B 735 35 36 W A M 30 o/ LA AR 10 g/ L BE B
5 g/L. MK & 15 g/L. Vi 0.05 g/L. Vi 0.05 g/L. Vi,
0.000 5 g/L,115 C R4 20 min;

KR SR S 100 o/ LA A 5.6 ¢/ LAER
20 g/L . BilR — A8 2.5 ¢/L.BRIREE 7.2 g/L. iR 4N
12.8g/L. & AL4S 0.4 g/L /KA, 17.5 g¢/L. Vi 0.1 g/L, Vi
0.1 g/L.Vyg; 0.001 g/L,115 CK & 20 min;

0.2 mol/L PBS Z% wh i (pH 7.2) . J %7€ 7K 43 5 15 s
24.00 g BEER A AN 28.39 g BEER A 4N = 1 000 mL, 4R )5
R4 280 mL BEER — SAAVA MR 720 mL BEER A ANV W
121 CKH 20 min, £ ;

EMS % - 3t 5 mL EMS J50& . iMAF] 15 mL B2 /Y 2
FEW T I w F RR EE R A .

1.2 Fk
1.2.1 2458 A7 7 548 T AR A%

(1) TR 4 - 4 2450 a0 TR H R0 T 26 50 mL F 7 5%
FHRA 250 mL #E .28 °C 200 r/min 3 2 d, HU 1 mL
B 523 3 000 r/min B0 5 min WA WA, i PBS 28 vh i
W2WIEMBEE ODsyy H 0.6~0.7(Lk PBS ik 5 It
)

(2) EMS 28 bl 46 . 7E 10 mL 3 B Hm A 400 pL
EMS il B RS G E FHRIK .28 °C.200 r/min £/ T 4
MAaLFR 0,10,20,30,40,50,60 min(0 min Jyxf B4 JHLH G
F 5% B AR B AN E W VR %% 2 ~ 3 W Ik I . 40 PBS
G2 PR TR R R 100 p L 3957 U A B 44 B 57 O 1L L
BT 30 CRERFE A,

(3) ARTP 578 bkl 4%« IR 20 pL B S IR RAE
KisWBED SR gk &5 T ARTP BENEY & F.
FA i d R R T A AR 4 B AR HE oG BR 4D .5, 10,15, 20,
25 s AR S KON IR T % 100 W, 2K i & 10 L/min,
EEES 2 mm, ARTP P80 fE K8k B 2284 1 mL
PBS ZZphifi 1ty EP 4 i, 52 G VR A K . IR 100 L B Rk
WIS T B AR LTI E & T 30 CRtss: 4 d.

(4) EMS-ARTP & & 17 28 14 i % : ¥ EMS i 18 40 1!
40 min J5 il % 0975 48 BB 100 oL 3570 A T [ A b
FRHEFILE LT 30 CRGH R 4 do IRAFIL EA i1
VYR IF BRI — 3R 3R T 46 50 mL A ¥ 355 519 250 mL
MR R L2 1D & R AR 2 1.2.1(3) 4 ARTP [

»
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(2) RAFRU A KB E R P B BBSE RN 80% ~
90 26 (1 Ak 1A 18] 4 Ay $5 205 AR I IR) . 7 05 7 A ) R X 3R
B T HEAT VS AR AL B, T AR B 3R 4 d 5 A5 A WAL PRI 50 Bk
LR35 120 h J5 0 DHA p= &30 7™ &8 3 F 0GBk
10 %0 B i75 78 A Oy T 28 28 e 77 L AIG T RUAG TR 10 00 191578 dk
A B IR (DO H R AR,
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0
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1.2.3 ﬁ*ﬁmﬁ

(1 AR GE - % 5 ARG FE 120 h 5.0 5 mL
KB T B0 H .8 000 r/min B0 15 min., I XZE K BE %
Bl 2 R RTBEREI AR,

(2) Frihm e R B IR A s .

(3) ARMHIR & A R AR sk
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2 iRk 5abr
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Figure 1 Lethal effects of 2 mutagenesis factors to

Schizochytrium sp. 31 (n=3)

2.2 EMS.ARTP 1 EMS-ARTP 4 2235 Ry Xtk
4y 34# I EMS,ARTP fl EMS-ARTP & 4575 3 1 i/
AR J5 0 4 5E 7 D IEA T AR AL B, I 7 AR e R AT R R 8 3R
JG U DHA F=&  Giit i R A5 5 R ILIE 2. 3 Fhifs A )y
BT HAE MR R — 2R, 2 Fh
HRFEEHE HETERERMELAR A F 4005
45% Z ] (A2 7E ARTP 28 28 #f . IF 28 28 R 19 250 7 810 2
60 % . I T RSB s T AE EMS 2748k v . 1F L 12 58 48 MR %
Y., EMS-ARTP &2 5. R KK H| 55. 7%,%5
BT 2N TiEL, HPhERERKT 32.2% .5 T
xJﬁ“ T B T 5 3 Fh oS AR Ik OB R R A R AR
[, FW EAH HEW EMS-ARTP 5 &E M T HEE
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Figure 2 Mutation rate of 3 mutagenesis factors to

Schizochytrium sp. 31 (n=23)
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2.3 BrEEHRMXBREBERER

M3 FhiE AL T HR AR AR BB A 25 P A Bk 3k 5 bk DHA j*
8 I P B R L B ST KT AR D i AR T i T AR B
DHA == B bR 0 A BEKF 2R IR 1.2, AR T AL 5
W B ARATLE . 3 Bl DHA w7 bk A9 42 4 5 TC W) i i 22 4k
7 2 i b YA A TR R R Y 4R e L b EMS 78 R 7 bk
R AR T T ARTP AL 9 00 56 V522 8 7 bk 2 T
e kB 510, W 2 PR, EMS 728 & 7=tk ) DHA %
R R TSI Bk L T ARTP 35748 &5 77 bk #1524 7572 v 7
Bk DHA & B35 TR TE 352958 400 F 4300, BT 1
BAAL R 3 FEAL R DHA i 3R 8] 7 —E 21
fIFH o EMS-ARTD & &% 28 /i 7tk 7 58 8 T
7.2 g/L B2 FH TR 36040 A A IR T

3 Al DHA v 7™ 1 bk 1 5 5 R AL 5 1 K 1 vk B AT B I
W25, WL 3% 2. EMS 548 @ 77 pk 19 2 FAS 4,
Cro:o M Croeo WA 3G I, £ 2 PKS 7 4 = + Z 8k 1M TR

(DPA) LB 425 1 ARTP R £ 545 & 7= #k 1) FAS
PPN PKS 8 4k 15 EMS 748 @ - MR IE AR . I E A
VEAE B PR R FAS P20 R IR TR AR 1 42.3 %6 T RE5138.6 24
M PKS =¥y b B A Bk 8 44.9% EF+3 55.2%

1 AASFDHANETH B THREBEEST
Table 1

Analysis of fermentation performances on different

high DHA yield Schizochytrium mutants (n=3)

TR/ T/ DHA 7=t/
B BR

(g+ L™ b % (g+ L™
w 36.4141.36 45.5142.08 5.2840.35
mEgus 37.014+1.28 48.45+2.58 5.744+0.33
MARTP 36.82+1.55 47.94+2.67 6.2840.28
mEa 36.8841.27 51.1542.07 7.1640.30

T W Eﬁﬁ *5[5 s mems : EMS U‘%’E 1‘* 3 MARTP ¢ ARTP 1}%@ **;
mea : EMS-ARTP &4 3578 1 1

R2 AEBDHA HETHIFETHRISHEBRAR'

Table 2 Fatty acids composition of different high DHA yield Schizochytrium mutants (n=3) %
T A Ciso Cis.0 Cig.1 Cis.o Ciga DPA DHA HElRPi#R FAS™Y PKS 724
W 15.534+0.49 25.24+0.70 0.55+0.19 0.34+0.16 0.6540.07 8.73+0.54 36.20+1.09 12.76+0.65 42.31+2.55 44.93+1.80
meMs 17.774+0.64 26.88+0.81 1.37+0.29 1.08£0.30 0.754+0.08 7.79+0.47 36.40£1.09 7.9640.28 47.85+3.02 42.19+1.66
magrrp  15.1340.38 24.00+0.60 0.4940.23 0.534+0.22 0.43£0.04 13.7740.88 40.434+1.25 5.224+0.23 40.58+2.37 54.2042.25
mega 13.154+0.41 23.96+£0.70 0.36+0.15 0.74=£0.21 0.3440.03 12.03+0.78 43.15+£1.14 6.2740.35 38.55+2.35 55.18+2.20

T we BRI B AR s mevs : EMS 3728 B #K s marte : ARTP 528 Bk s mea : EMS-ARTP &2 417 78 # #k .

24 BrEETHREERBEEY

3 BB A TT B IRAE MU R 7 DHA B R AT 28 1R
B R R e e e v 2 R WK 3, &t 5 R ARE
7 EMS %75 @& 77 bk F1 ARTP 75 75 13 77 Bk 14 & T8 45 b5 45 1
WY — R R AL T A P58 =™ Bk 1 Kk I 48 B8 OR 45 AR
Xtiae, H DHA &85 42.2%~43.3% ,DHA =& K 7.0~
7.2 g/L.5—ME LW R 2R, BHEREERI.
2.5 BEARNHAEATFTHIFENE

Hy 3 Tl i A T vk o) LB A TR A 15 78 45 R 43 B E] L EMS
FEA AR SO S T ARTP, M2 &7 48 SR e df . EMS
A Befb DNA B EE M WL, 7l 5] A 104 il ms i i 420, 72
A I A, EMS i A2 & 7 bk 0 & i m Tl R W kR, (=
DHA /7 2 i 157 B2 i A % 3 i 5 10 R D AE LU AE 25 A8 K, 1301
HRRWITR & BUBE 1133 T $2 5. {2 DHA A 1% 45 2 AR &
IR ARG

ARTP W2 Hi BBl E Mk, B4R G T . 6
et R AL S 00 R R L 7 AR N W A DNA S5 WL 3 4% 22 4
PEFEFDT . Umu-test 73 ARTP % 3£ A 19 315 66 )1 i
T UV RUE AL 25728 07 kD . ARTP 6 56 19 8 75 1ok
TR I B R N 3 R AR R A BORE R . A AR I
% ARTP 95748 80 R B FH T 24 58 47 T4 1% & = )~ DHA

22

B HURE T RAF R RHOR  IERAERE T & TR R, Wil
R T A TN 3 2 2L 23 T A B, ARTP 8 7 R 119 55
il A1 DHA j= 4 B R 32 7 i ELAS Wi B 241 0 F PKS ™ ¥
AT AR B B T S I AR R E A RN T TR R 0 5 AR %
AR R PKS iR AR i 4 g 2 HA T RE R AR T A8 7.

% 18 B 2458 Al A A% I IR 0T R A U A R A U B
AR AR A R B X DHA By 7 Bk B2 R E i
A5, KAl R B AN 2 X BGE A 1 R 1T EMS-
ARTP Z &4, P58 AL 3E 22 48 . 5848 o0 a5 3 &L 4R A%
DHA R B R W E K. @il EMS-ARTP & 4% 215
B 7 R DHA 7= 5k 8 7.2 g/L. 22 B 5 R
DES-UV Z & FEB 454 1R L BRIk 4 i it . 15 2 15 28
Bk XNOOL, H DHA =4ty 5.5 g/ L 1Pk %5 R 5 4MFE
8 v R S0 e ) % L AR B9 T ik OUC007., H DHA 7 &
A 1.2 g/ L@ A ARTP 548 55 5 %k 7 i £ i
FH AR D32, DHA &A% 7.3 ¢/L. @i A5 1
V8 % U 326 A 0 ) R 7 % A B o AR U P A £ 9 3 )
BT O - CARAFE R DHA = 4. %)™ &5 3 0 4 /Y A
e T f A ) A e LR I B A L, R A
(R 3. a4 & B e 0y vk R eI R AL . A
PE— L m DHA 4™ fE ).
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#5 . EMS-ARTP B &A% H H)™ DHA RF 8

®3 ARWEER DHAFEM DHA SELR

Table 3 Comparative results of DHA production and percentage among different studies by thraustochytrids

R R TR KBEMEE/h DHA &H/% DHA /(g L7 Z% bk
Aurantiochytrium limacinum SR21 500 mL/5 L 168/165 49.5/72.6 1.4/20.3 [15]
Schizochytrium sp. S056 250 mL 144 44.4 7.95 [36]
Schizochytrium sp. S31 250 mL/50 L 61/96 23.5/41.8 6.5/28.9 [37]
Schizochytriumsp. S31 500 mL 168 46.2 6.5 [30]
Schizochytriumsp. D32 500 mL 120 50.0 7.3 [35]
Schizochytriumsp. mga 250 mL 120 43.2 7.2 EN T

N
=4
1
|
N=]

—— /LW —e— DHAS &=
e i e DHAP

i e [

Ak, B, DHAS &
DCW/(g + L"), Lipid content/%,
DHA concent/%

DHA yield/(g - L)
DHAF 4

3 0 1 1 1 1 1 0
1 2 3 4 5

AN/ €54
Passage number

(a) EMSTAER ™k
601 19
—— LY e DHAG &
il —a- DHAP

s0r ‘\A\.\k’a 16

DHAF= i

DHA concent/%

DHA yield/(g + L7

AP, S, DHAS i
DCW/(g + L"), Lipid content/%,

3 L L L L L
0 1 2 3 4 5 0

(AR
Passage number
(b) ARTPIFE ™ Hk
60r  —e—Z:it —e— DHAE I 19
—&— it —— DHAJ" it
A ————

[
50F 46 -

DHA concent/%
DHA &

DHA yield/(g - L™

AR, i, DHASS i
DCW/(g + L"), Lipid content/%,

3 0 1 1 1 1 1 0
1 2 3 4 5

FARUEL

Passage number

(c) EMS-ARTPE & 17728 w7 #k
B3 &% EhBERRETABERIFGY A
Figure 3 Effects ofculture passages on fermentation per-
formance of high DHA vyield Schizochytrium

mutants
3 ik
# EMS-ARTP & & 7572 (1 J7 15 B T 2450 45 1 175 78 18

B DHA Wbk JF X &2 5 L HA5 19 DHA & 77 Bk 5
BN AL R 7 B AR R AT LB AT 45 EMS-ARTP & &

AL R 7 AR TG IR M DHA 7 5k 3 i 75 38t 1 0 1 L, #0 4R
T FAAEAS . TN LS I B O 5 B R R 1k it B
Fr M N L A E AL A A A B DHA (77 36, 4k
T 4 = Tolk AR A2 7 DHA B3R .
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