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M 17 T TET 75 (RSM) S —Fh P A 52 56 25 44 14
2, 18 2200 R R B AR R R i R R
i [0 (B =22 (0] ) PRAROG 2R, o SEIR i Bt
R TR TR A 6 4% TR 2R B HL A2 A AT PF
o A TN A 0 7 5 A B R IO S 6 S o AR
TG ARG T ik, RSM HA KRG o 5 5
T 2E R T 5E . e 2SN, WG T A
Wz ZHERWN T 240, B, BT
b2 e A4 i & R AR A, RSM YR A
GUSAFAUR R T2 Tk, fEEYer . B
DA T il 25 U A A8 T AT, pildn, R
Vg — 250V i R Ry i T O AR A T U A
R MRS HFAA &M, HIEN T
B A K RM TN LR &AM TR
R R T 16.26%. XG4 107 FH e 1o il 18 32
Xt /NERE (Chlorella sp. U4341) (R85 35 5 F 04T T
PEALBIESE, {8 Chlorella sp. U4341 NG ™ 2845 &
T 54%, IR FFEER W A Box-Behnken 0y 2H A
Ji P ST B R B T R R TR Y S
By, SN RAR I A RS IR A L,
WERASERS T 23%;

A INLN P b Y AR O S .
—, AH R L RARY 1 SR Ak A i
KRG . L, AR SR DL 2RI R A
TSR K S B Al [, PRI T 5 0 e o 22 AR A4
PR ORI R, RIVERE . OGBS B A i AU
Ht, 1V FH Box-Behnken 15 i1 X} & i 22 AR AR 18 2%
PEUEAT T N ph AL IR 2, RIS TR AT
B RAR B R B

1 MRS TE

1.1 SEIesf Rt

S T FH A v 22 R 1A A S 6 A A A T
B A F1ESFRI (6 1) B RKSR KK TE 7S
Y IEREFR A T AR B e e R Ak, P
ZeMF IR (22+0.5) °C, LWL : D=14 %) :
10 (%), SECHASRFE (57.6+3.6) pmol/(m?s) , 7o Ui
i 3 L/min, KR KEREKERRE 320,
1.2 BREHRIE

AR RAAERE BUERKRS RIS REZ
RAK, FHZH A5 L TYL-350 (18 000 r/min) T %
10s, Bk, RMFEKEN 250~300 pm 19 224K
R B, A K B K R FLOBE 37 90 B % B R
(1.00+£0.05) mg/mL )’ 3 22 R AR BE , B 200 mL

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

=1 Fl1EFRIRES

Tab.1 Composition of F1 medium

i IREE RS g
medium component content
VB,/mg 0.25
VB,/mg 0.5
Kl/g 0.42
H;BO;/g 15.46
FeCsH;04/g 0.13
Tris/g 30.28
NaNOs/g 21.25
NaH,PO,/g 3.00

T A B Er FHZRIRACGE A ES00 mL, #%1 1 1000LLF N A\ 77
Notes: add the above components to 500 mL with distilled water at a
ratio of 1 1000 into the culture system

A 250 mL 4EIE

TR E N 16, 19, 22, 25, 28 °C,
Hofl 15 3% 414 6 4 141 ¢ 10D, St R G8 E h
57.6 umol/(m™s), FHE IR, W REMNTEM 6 1K,
T 4 REH 1 WA FLES SR KRR, 5206
JA I 10 42,

ERAEARRIRE BRI E N
144, 432, 72.0, 100.8. 129.6 (+3.6) pmol/(m™s),
oAb 85 5% 21 MR N 22 °C, SRR 141 ¢
10D, #rEdEFR, BREREMN 6K, &4 KE
e 1 WA F1ESFRRAGKEIK, SRR 10d.

O RAEI A FORE BEEAMINE I E
R 6. 21, 36, 51, 66 mg/L, HifhdsFE &4k,
ML 22 °C, JEIRGEE N 57.6 pmol/(m™s), JtJF
WM 14L @ 10D, DLZEA F1ESFRCR Al , 4051
Be B A BERREE N 6. 21, 36, 51 F 66 mg/L (¥
KR, WrEsE, BRERER 6K, 4K
R 1 G FRM, SRR R 10 d.

S RAEI A BER R BEEAMINBE R RS
JER 1. 2. 3. 415 mg/L, HABSEFRZM: RE
g 22 °C, SEHAGEE R 57.6 umol/(m*s), ¢
141 ¢ 10D, I8 F1 83RO R, 4 B
B 1, 2. 3. 4 M1 5 mg/L IR,
FRE R, WRERFRIR 6 Yk, B4 KRFEH 1K
BRI, SR 10 d.

DLES 358 22 IR AR 388 T A5 LUAE S 22 R M A R
PN bR . AT P TR

P (%) = [ (N~Ny) / Ny] x100%”

Kb, PAREWEAMLL, NARERSE R EBEZ
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IRVETHL (mg); No A 0 RAYEBELZARIA T
(mg), BPWIAATHE; (AURIERREL ().

1.3 Mo ghE e scie

FE BRI S (Rl -, N L RSM R AR
P59 Box-Behnken %11, #4T = K&K =K F5L5,
DIRLEE | D6 RS B AN A Lo H AR &, 4 )
HX. X5 MxRxR, -1, 00 1IAERAER
AR, . K, DI E AL P o N, S
K5 R 2 KK WL 2.

*2 MMM EREERKE

Tab.2 Response surface factor level

~ KF
= AR level
factor variable
-1 0 1
IRE/°C  temperature X 17 20 23

Y6 5RJE /umol/(m®-s)  light intensity X, 432 71.6 100

SMINERELL  ratio of added N : P X3 7 12 17

e DR EBEF IR0 BEA, [ E  5 R B2 3 mg/L
Notes: based on the F1 culture medium of nitrogen and phosphorus
removal, the mass concentration of fixed phosphorus was 3 mg/L

14 RMUEFBIIEEELRELEREITFMN

P B 22 IR AR B T RSMAR R T 4 4 Ak 5%
PEF TP R 5, IR S0 AT E s 22 Rk
EREFWRI AT R, AL 35 & N RS
20.45 °C, JERRGRE 78.13 umol/(m®s), G N
14L: 10D, JFRARA LG AR, wE
SMINABE I 16.19, Hh ANk E 4 3 mg/L;
XFHR SR MR 22 °C, JGHRERJE 72 umol/(m*s),
JEEWIN14L - 10D, RIFELL LR LB IR N
SLah, BEAMNERE LY 12, HohAMmeEk A
3mg/L, 478 P 22K AR A Yy s B SR R B, 43
B H AT =R ATA T . AL
PUATHE . Bk, RIS TN 250~300 pm ()22
IRIRBEBE, A F1 KR 29 L A% R (0.5+0.05)
mg/mL [ 322 RARBE W, B 200 mL 3 WA
250 mL B . 752 451 MR EE 17 °C, SRR
J& 28 umol/(m*s), GBI H=10L: 14 D, FEF
20d, WAEEPHA & w22 R IR L T RR B L. T8
10x40 f555 T, BEALWES 10 AS0EF A5,

DAER 8 22 IR R T 4 L) S5 1 EARE A
HEB RN iER. BRI eniHEARK:

161 5% LU AT (Yo)=1t 2 40 Jf0 550/ 22 AR Ak 4 i
BEx100%"
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1.5 BIESH

K BUHE 5811 8K 14 Excel 2019 1 Sigmaplot
14.0 XS4 25 R EAT o0 Hropn ) 18] . 9258
Design Expert 10.0.7 #4317 Box-Behnken 77 % [
W) 157 ph TG A S B BT, I X BE R AT A DG e
PG, O e 2t 5C 2 AR T 45 2R v 4k
w17t Y

2 4

21 BREESE

PLFL 35 3R W L al, #E 6RO 56.8
pmol/(m’s) B}, Fifi & I I T+, 2Rk
£ b RIS NG TR (B 1-a), RERT
22°CHY, ZZWRMAERK KT ZEIRE; Y EN
22°C i, HIGEAT AT (183.37%+4.24%)
DR e i AR IR Bl 22 °C LA F1 3538 Al
FEIRJE 20 °C B, BHEOGIRGRBE IR, 2201k
WEAF LRI LR R EE (E 1-b), 758
HESR BE 72 pmol/(m’-s) B, H: 3 5 A% bk B B K
1B (168.92%%2.67%), A I 1 £ i 4 Y B 5 Ky
72 umol/(m*s), VAZA F1 R IR M ALnt, e
420 °C. JERESREE K 56.8 pmol/(m’-s) B 51T,
BE A M INER B, 22 RIS T A% L Se bt
i TR FEAMMAHEE N 36 mg/L i), B H A%
FEIk B RAE (198.38%+3.18%) (& 1-¢). PRIIEHE
HMINEIREE 36 mg/L Afeft, DLEHE P15 IRCN
FEfl, TEIREER 20 °C. ISR 56.8 pmol/(m’-s)
ST, BEE MBI BE K, 22 Rk
s LIS R RE, AESNMBEHK R 3 me/L B,
O FAE L s B KAE (201.36%42.74%) (] 1-d),
PR e BEA MBI B 3 mg/L i

2.2 Moz pHE L SEIE

Wt P RS g R, LR R L F1LG R
WM RN, [EEBE TR EE 3 mg/L, BERRIR A
(X)) JERERIE OG) MAMIMARE L OG) b HAS &L,
YRR T AT L P AW RAE, N H Box-Behnken
SEYGBET AL B 2R AR 8 25 (35 3).

) P o 107 i TR 412 Design Expert 10.0.7 %4 3
SCEGZE IR AT 2 u BRI, A A e O (G T A
Eb P [T AR R

P=275.88—0.75X,+20.99.X,+23.98X,-12.98X,
X+21.27X,X5+0.51X,X;-35.96X,>-86.95X,>—1.79.X;’

XA R AT L 5 07 25 00, AR G 3
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Fig.1 Effects of temperature (a), light intensity (b), added nitrogen concentration (c) and added phosphorus

concentration (d) on the increasing ratio of filament biomass of S. lomentaria

(P<0.01), KRIUTA B E (P>0.05), HIXRER
9 0.97, BEIEMIKEZE Adj R 4 0.94, 5B R
WA BEER 4. B PEH, &HEX2IR
A1 FE A LU A 52 i A AR 380 55 40Uk 1 o U
e>GRsm B>, HE5GRT FERT, RE
A ORI (X,7) . JEREER ) R I (X)) WA
SR A 3R (P<0.01), I B2 AN U8 Le 1 28 B A
M (X\X3) B 52 2R (P<0.05), HAB N %= 52
M3/ (£ 5)5

HRAE 1 U5 5 AR Hh 45 DR 28 0 22 R AR 18 T A% 1L
S P I 17 TR, AR — A A TR L IR aR
JE . AMIMEE LT 22 R AR A s,
AL — R Z e 0 K, w1381 5 4 AN R
2 H A FF B4 i 7 P R A s 2k P (1R 2) MR
pHy T e R PR UL R L G R R
SMINABE LIS EAE, I B 45 PR R X L2200k
PR S8 R o o A5 e 2R TR A 7 TR 3 R AT L
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S 1 A2 B 5 B AR R R AR R SO R
(] THEIRE , WP A AR R (A S AR I 4
[SE 5 SN VS ENCE SR (S e S A
TET P FT 5K, BPIBE ERRE i I 3 ) S A
AR, L BT AT, RS S
P A AR T 22 AR MR T P RS I 2, LR
SCHARAN R 5 S EA H 22 R VA3 A L
SRR, O SE IR, T 8 ek 22 4R A
HEAFH R MR R, ARG 3R 4 mA T R
07 25 BT R — 3

23 HEEIE

M BRI G387, LR G SR 5
MR 20.45 °C, JERESREE 78.13 pmol/(m’s), AMiN
BB LL 16,19, 1 B AR 20 00 22 bR 1 484 A% 1Ly
296.34%. ARGHAEIFIN A ] SRR, SRAT b Ak
PFHEAT LR 1Y SE I 3 44T L 515 5
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%3 RSM Sigit5ER

Tab.3 Experimental design and results of RSM

HE AL /%

KA X, X, X, increasing ratio of
test no. filament biomass
] 3 0 -1 245.49
) 0 - -1 137.26
3 0 | -1 183.67
4 0 0 0 267.20
5 1 0 -1 188.24
p 1 0 1 273.33
; 4 - 0 115.88
g 4 0 1 24549
9 0 0 0 284.13
10 0 0 0 295.29
1" 1 | 0 164.12
1 0 0 0 277.98
13 0 | 1 238.04
14 4 | 0 178.38
s 0 0 0 254.81
16 1 - 0 153.53
17 0 - 1 189.61

2RI TS L R (299.21%+13.58%), 5 FHE T
MHE A XHR 22N T 5%, RARSLEAE 2R
SRR ER AT AR, B ST E . X AS

i TR S o IR IS AL L,
BT 59.40%. 74.97%. 48.33% F148.59%, [

i #4775 T Box-Behnken H.002H & 5 ¥ € 17 Fh2H
G E S
24 MMUEFAIRLRETFEKEAETER

ST ZE R WK, ALK 3RS B e 22 R AR
1 AY L (299.21%:+13.58%) H XiF 1B 2H 4 &A% F
(259.38%%16.13%) £ = T 15.35% (& 3). NI
PALEE I J5 e 2 AR R B AE O, FEAR R S5
TR 20 d IIES, ZEREW, ks
FIG N E RN RO, AR, #F
PE LB (26.37%+5.22%),  Eb X BB 41 9 96 F 3% Eb ]
(18.10%=3.51%) £ 75 T 45.69% (P<0.05); 1ifk %%
PR A T8 B AR [(19.7+0.21) pm] 35 55 T iR
ZH 1961742 1542 [(16.910.36) pm] (P<0.05) (3 6),

3 Wi

LI A A BT O B B AR B —
LRy TN O E I RPN o - R LT 'a 2 BN K ) '
T e R g TR, R R S A D
R D0 sz BIBR B 22 (19 5, AR LE T IEAS i
AR B K7 a R VA TR N Etva i R L D
R, S SR A AN K T A, B RE
LIS NRZ B EAE B, ffh s
DEARTRIRE, PR3 T o Afy b A o 22 PR 3R 0P ) e £
Ao H T SO T R A A A R R SR
1 ELREBE Y& A b sl DRI i Rz g

R4 EERBEFESH

Tab.4 Analysis of variance of regression model

T7 ZHIR SEITA H A ¥175 Fit P& BEN
source sum of squares df mean square F value P value significance

X 4.530 05 1 4.530 05 0.022 104 0.886 003
X, 3525.061 1 3525.061 17.200 18 0.004 31 *x
X3 4 598.885 1 4598.885 22.43979 0.002 115 **
XX, 673.662 1 673.662 3.287 066 0.112714
X\X; 1810.077 1 1810.077 8.832 089 0.020 752 *
XX 1.020 1 1 1.020 1 0.004 977 0.945 728
X’ 5443.511 1 5443.511 26.561 07 0.001 319 **
X' 31831.75 1 31831.75 155.319 8 4.93E-06 *
X 13.468 35 1 13.468 35 0.065 717 0.805 048
B2 model 49 695.97 9 5521.774 26.942 94 0.000 128 **
%7 residual 1 434.603 7 204.943 3
RAUTH  lack of fit 466.094 9 3 155.365 0.90 0.627 279 A&  not significant
4iikZE  pure error 968.507 9 4 242.127
Mt total 51 130.57 16

VE: e ERWEEP<0.01), *ZE5FEEP<0.05)

Notes: **. the difference is very significant (P<0.01), *. significant difference (P<0.05)

https://www.china-fishery.cn
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&5 ERSITER f vk ) B T S G R A, SR TER
Tab.5 Regression results /NS FEL DAY SEE A 067 B TR A, PR B 4
P ¥ 1 TR IEAH % R A {ZM L A ZHL . N
R a Adj R Adeq precision CV % BRI = 2 R RS R
0.97 0.94 14.83 6.59 N N NS N " TN
TREE G BR G FE RN U LR B R e 2
é _ 1.0
= ©n
e} ~
. g §, . 0.5
S E £
SE =2
“ g i g
2 =
s R
o0 3 -0.5
§ ~[150)
g ~1.0 B
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Fig. 2 Response surface of pair-to-pair interaction of various factors on the increasing ratio of

filament biomass of S. lomentaria
Contour plots for the bottom of the response surface zoom
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46 &

20 pm

B3 HHiERmEE
HSk AR A T3 (a) IUALEE IR AT B IR LMK, (b) TRALH: IR )G

[E- 222 RLS AU IS

BLRFERLZEHLR
LREE, (o) PRALHER AT MR AL A T T3, (d) ALK RS

Fig. 3 Comparison of growth and development between filaments of S. lomentaria before and after optimal culture

Arrows indicate mature sporangia. (a) filaments of S. lomentaria before amplification optimization, (b) filaments of S. lomentaria after amplification

optimization, (c) sporangium produced by filaments of S. lomentaria before amplification optimization, (d) sporangium produced by filaments of S.

lomentaria after amplification optimization

xo6 MUBEFIRERLREFERKLEHR
Tab. 6 Comparison of growth and development between

filaments of S. lomentaria before and after optimal culture

23] AR/ % fFRELLB% T3 B/ um
;ou s increasing ratio of ~ sporangium sporangium
group filament biomass ratio diameter
Xof B4 259.38£16.13 18.1043.51 17.9120.36
unoptimized
RACLH 299.21£13.58 26.37+5.22 19.75+0.21
optimized

ARG R, ANEESEdH T 00 XA,
EHHAKKENAEFBAZS . A
S R R ST S K B, TR 23 °C.
G R 5E 80 pmol/(m®-s), A WELL 16 &M,
ALBENEE WEIR 5837 (Porphyra haitanensis) WIRIA
R, R RefE S R AR R R . I A AR
K, R 23 °C, LR 198 umol/(m’:s).
RWELL 8 MR T AR TH S ALK, 176
ARWEFEH, AR R IR E B, TR 22 °C,
JE ISR 72 pmol/(m®s), SMINEUE HE 12 (1 5 A
TR ARRY R R, IR G e

https://www.china-fishery.cn

ISR PR X 3 B 22 R 5 i A B R 5 SR — 3

I B R AR RS, A
— AT B, T B A N i A — 2
A o S — AE R R ey g T 9 A Ak B
(Sargassum thunbergii) i E K &M, BALKRET
1) U B4 v e A KR IR A R IR 25 R K
PETE T 16.26%. THEMUME 5550 17 w17 iy 1e i A £k
IRTEEEIR A B AR, LA AR T Y BB e e R
(1.822 g/L) AL E FHHN R LB LR, B8 E S
T2 A T ik =X A R R A 0 B B R (0.5
g/L)o AWFFE [FIAE LSRR 500 o SL a1 H i
I TV A A 22 RAR Y G S, B T IE
T 2R AR S A SRR IR E 2045 °C,
St B E BE 78.13 pumol/(ms), AN A B b 1619,
PR F AT 19 7 3 22 AR A T A P A B PR 3 S0 6
GERER KRB T 74.97%. A, ARBFSEIL K,
SRACSAE R B 0 22 RIE AT RS, AT
W HE B (26.37%+5.22%) L X B 21 1 T 4 L ]
(18.10%=3.51%) #2751 T 45.69%, i HAu4b &40 F
() F61 3% AR [(19.75+0.21) pm] A 5 35 5 T-%F 1]
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ZH [(16.91+0.36) um], IZ&5RAUEM, FE8E 2201k
Py A ep, N R AR B PR AR
AT DL SEIREE i B BB 3R, 3 n] DU i 22 4R
Ml FRER .

AR ZE T VR FH i i Tk P A g 22 AR AR
PRI, DI ASRUEI, BRI S SCR A LS
FERGF, DUAb)E B9 38 10T LS 2 2 i 22 R4k
PR, R, e g DR A 22 R AR
P AR — RO B T vk, TR SRS
T B ORI A AR B — P N

(3 7 WA A SUT 52 B s A2 B Al 22 )
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Optimization of amplification conditions of filaments of
Scytosiphon lomentaria by response surface methodology (RSM)

WANG Yumeng, LIUDeju, ZHANG Yumin, ZHANG Min, GONG Xiangzhong °
(College of Marine Life Science, Ocean University of China, Qingdao 266003, China)

Abstract: Filament amplification is a key step in artificial seedling cultivation of Scytosiphon lomentaria. In order
to optimize the growth conditions of the filament of S. lomentaria, a Box-Behnken design (BBD) was employed
for experimental design and analysis of the results to obtain the best possible combination of temperature (X;:
17-23 °C), light intensity [X,: 43.2-100 umol/(m*-s)], and added nitrogen: phosphorus (N : P) ratio (X5: 7-17).
The results show that the mathematical model has a good fitting degree and good regression property. The
model predicted and optimized reaction parameters as follows: temperature 20.45 °C, light intensity 78.13
pmol/(m’-s), added N : P ratios 16.19. Under the condition of the amplification for 10 d, the increasing ratio of fil-
ament biomass was 299.21%+13.58%, which was significantly higher than that measured in the single factor
experiment and Box-Behnken design experimental conditions. In order to evaluate the development of filaments of
S. lomentaria after optimized culture, the filaments were induced for 20 days. The results showed that the spor-
angium ratio after optimized culture (26.37%+5.22%) was higher than that of unoptimized culture
(18.10%=+3.51%). Meanwhile, the average sporangium diameter under optimized conditions was (19.75+0.21) pm,
which was also higher than that before optimized culture [(16.91+0.36) um]. The results showed that the high amp-
lification rate and the development of sporangia of filaments could be achieved by purposeful regulation of envir-

onmental conditions and appropriate nutrient concentration.

Key words: Scytosiphon lomentaria; filament; sporangium; response surface methodology; amplification
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