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EY 2 B R FEELE RO A, AN S50 Tl R DNA &b R o i) s, dE—25 R ThEn 4
Vi, BOREARILE TR G S0 PR A R RUREE O BEAh, AN S A B TR s AR
KAMR AR, Rl e e 280 AR KA B IS S F= Y, R, RN E A R TR
IRALPR, REA = A S IE R AE VI . 4B WEE (farnesol), YEN—FpEZE M EEGS 4T, AL
PHAT KA B R TP ) A W) [ W % (membrane bioreactor, MBR) NIAEWIIRIE R, 455 2am ol i AT-2
RUBHAIEN 245, WA YT5 S AR TAIRTIFGE & B, 4ol nl LI -5 PCC6803 fY/E
KHRADEEER- . L, 8t a8 AR e iG] IR K A B R A= ot
Y

AHIFFE TR 3T 7 (RSM) BLJ%2iz ] Box-Behnken 131 (BBD) %, LISENIHE PCC6803 7
PR K RS, WEIRE . SRR I 2N 2=, X COD, NH,'-N. S, &
REFRRMEE A KSR, I e s34, MiE, ERiEsirS8T, mEMSE
PCC6803 AbHREIK I RGN IN G AR5 540, A S s Rl LA KA ) 20 T HIL iR e X Ay
¥ PCC6803 AN /KA IRHEVER, MG tE PR IR BRI K TR A S L 1ok

1 MRF7EE

1.1 SEMANSKKRIR
SRS AT K A AU BTG KA K Z0KREZE 0.45 pm KRR EHIERSTIE . SHEAOK
3 COD Jy 465 mg-L™', NH,-N 362 mg-L™', pH=9.22, MEMBERYFEWE S5 HK 93 mg- L™
8.8 mg-L ™. S i fdi I A4 B2 L PCC6803 TR Bk H op I Bk B /K Ak A= Wy W 5% BT iR K 3 6 1% 3% P
(FACHB-898), #EJfl# PCC6803 7E BG11 Kigeheridiigs , Jfiltes T AN LA Higr— e G,
IUEMLE PCC6803 R TR ZESESe, ODg, M 04,
1.2 Moy Seseig it
AT K A 772 Box-Behnken H.002H
BB SRS, PRHREE . JGRESR EE A HOAES

%% 1 Box-Behnken i&3i+50I8%%
Table 1 Table of Box-Behnken design experiment

Jirtik 3 AFREGIR 2 EHINE PCC6803 ANMIBEAKAL - faka

REASENR, WRB{EN COD % NH,-N 45 (AVEEE/ C BYLIIRE/Lux  (C)EFid/%
FORBERRR . BARRRE AN AR, -1 20 1000 10
ISy 3 [RER 3 ACERHL G (R 1), 0 25 1500 20

1.3 RIB4E RSk EREESEREERA T 1 30 2000 30
=

BTG /KT 0.45 um /K RREEENIEREE T 8, JFMEH pH = 7.0, M5, H R EKE R
TIRRZRIRK AN, FPK KR TS KAE 20 °C FRAFLASS SR . RS8R A TS /K B B e A
500 mL B =D, FPHEEA 200 mL, RS TAEG T, WR4EE 2 Frsisesasinas, ma > —=MiE-on
AHHR TS (ODgi=0.4) ABRIRSCIGZE R AHERTE, BRIy 3 MEE,

FHCEEVE A, BOhi] 1000 nmol- L™ (& Ak, fERAETZSHE, 5T 1.4 b UL KK S5
Tk FESCISLNA 1 000 nmol- L™ A4 AW EE, XHBZLIIA 1 000 nmol- L™ () ZBELAHERR 540 L i) T
P, HUE T 3 A ER .

1.4 KEKNZEHIIRE

TERCGEEAL R FIAZE RS, DA S0 FPEOREEA T/ BN o NH,'-N SR IR ek e, 78
640 nm FYP NI TIOEEED . COD i EASTRE /G EERINE , TEIPFIIRMESA T R A% IR
AALFES AP, HAE 600 nm I AR R A AR TR ER WO EER T COD . SRR B il At
TRER AL, AR ERER S AL RE R TP T BB S 2MSIREE, 7F 410 nm KA RS ML
R E SRR SRR R T B R S i, BRI B I SR AR B 73 YRS, AERRMESE T B 5 ik
I AR E ARG, 7E 700 nm AR T

KRR BIENILH & (Solarbio Science & Technology Co. Ltd.) iR h e L 8. 15 &
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Table 2 Experiment results of response surface

zf7 A B C  CODERRF/%  NH-NEERHR/%  SBFEERR%  SEERF% - AREE(OD,)
1 30 2000 20 58.6 85.07 50.22 57.37 0.36
2 20 1500 30 55.72 86.02 50.22 57.67 0.36
3 25 1000 30 61.71 60.88 49.08 57.68 0.46
4 30 1 000 20 515 52.27 50.23 55.55 0.53
5 30 1500 10 47.5 74.1 50.2 56.19 0.5
6 20 1500 10 S51.5 90.15 52.11 57.89 0.52
7 20 1 000 20 54.61 70.91 51.56 58.1 0.31
8 25 2000 30 58.16 92.74 4987 58.69 0.55
9 25 2000 10 62.58 93.76 50.29 56.81 0.42
10 30 1500 30 57.27 73.7 49.65 58.64 0.55
11 25 1 000 10 48.17 65.84 51.37 58.1 0.53
12 25 1500 20 65.71 80.1 SIL75 54.5 0.38
13 25 1500 20 64.3 79.6 S1.75 53.89 0.34
14 25 1500 20 65.26 79.76 51.56 53.98 0.36
15 20 2000 20 56.83 98.8 50.42 57.25 0.35

FET B, eSS RS A S TE A A . T A A TR A T SR v e AR B R
b, ORI T R, R AR RER
1.5 CREKERE

e G STRE N =S WIS ) ) o152 EM S 11 N M g4 6 SRS S L 1 WE B e 6 35 1 (BT K
FEORES], DMRSIERES Z IR —EebE s BES . AU BG11 JE3Ed e segi i as X IR, XHEAMMEEEE Tk
T2l BERGERBMERRbE, FFIUE 680 nm A AAIMLEE
1.6 MFHEmER R RES

£ 1 000 nmol-L™" A4 A WA EH T A BRI /K R —E RIS, BRI Z A PR A e i, X
TR T AR B RS 28, i finA 1 mL Trizol M@, WAGEZ: 15 min 5 80 °C GE1E4H., H4HM
FEMIER 3 A 7RE LT 6 R 3 TR 22 SCEMIESR Tllumina Novaseq 6000 Xl 5 (b5t B4k ZRHL
R AT BRZA A

SRR T R TIFE R 2 AL B, BRE R T AN A U I i, AR R ) TR
o TE ISR Bowtie2 T.E. X} P. denitrificans PD1 222 K4S 75 #H47 L3, FipE2ETE
llog2(FoldChange)|>0.2 F1£8 &1 £ 1E Y P<0.05 B & 25 S BL 3R 3k . 4 Gene Ontology(GO) il Kyoto
Encyclopedia of Genes and Genomes(KEGG) 7371 & EAVIGHATE, ISR RIIHRTE .
1.7 HiRath

M N T RS 04T . R Design expert 13 #4504, B 56111 Box-Behnken L0 AL TR, Ko
SIS AER A, SRIGHKIGHA T Transform 2347, Tit Sumary 4341, Model 5341, ANOVA(J522453H7) .
Diagnostics 4341, Model Graphs 4347, i ANOVA 43Hral #53) — R EIEEIE S B, ilid Model
Graphs ZM 7 A[#58] 3D 55 - HiMA LY [ o

2 HR5TH

2.1 MO EEIT RS {E
ARSLEG R Box-Behnken M T AUACTGEEALFRE K AOSESS:, A0l el (—=1). 1 (0). & (1)3 DK
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TR E AT, 3 AVERLE 3 AACERIIRAE (COD 3R NH,-N ZER%, TN LR, TP £
P A K OR) 3% 2 . S, {87 Design expert13 BB T — IR B 43T 5 07 254047
(ANOVA)!',

WALy TR TIEA, , TR R B T AR, 22 A SRR IAIR . COD R
NH, -N EBRR | BAE LR, BB EBRR U KRN T 0.05, PIMIAEALR 25, [ X Lo (1
RAEYHER 1, RASCEEE SRR A TR, RENS T LA N R Z (Rl 38 HAVER .

HRHEZ% 2 WS 2 L F Design-Expert 3FE1 777 22508, 15%] COD £FR#% (X (1)), NH,'-N Zf
R (K (), TP EHE X 3)), TN EHF &K @), MEEAERIEN @GR (5) B KugR R

Y, = 65.09—0.47384 —2.52B—2.89C + 1.22AB + 1.39AC — 4.49BC — 7.18A* = 2.52B* - 4.91C* 1)

Y, =79.82—7.59A +15.06B—1.31C + 1.23AB + 0.933AC — 0.985BC ~ 0.185A% — 2.87B* + 1.36C> 2)
Y; =51.69-0.501A - 0.18 B—0.644C + 0.2825AB + 0.335AC + 0.468BC — 0.342A* - 0.736B*> + 1.36C>  (3)
Y, =54.12-0.395A +0.086 B + 0.46C + 0.69AB + 0.6675AC + 0.58 BC + 1.36A* + 1.58B* +2.11C* “)

Ys = 0.3600 — 0.05A4 — 0.0188B — 0.0062C — 0.0525AB + 0.0525AC +0.05BC +0.01A> +0.0175B% + 0.1125C> (5)
. Y, 4 COD Z%; ¥, 4 NH," -N E§K; ¥, N TP ZER: Y, 4 TN ZERR; ¥, A a e K
2.2 M EZERSH

ANRVAEFEZH Y COD KRR TP ZBRFR MM A W . XA WA AL 5 A2 S
FW, FEIREE 25.73 °C. YGRS 1 722.39 Lux MAEEaN I 10% WA T, 4EMIE PCC6803 ZbHRI5 /K
AUREASE T RAART, BARm N EES COD ABR3EAE] 59.57%, NH,'-N KFR%EA 87.01%, S5 6
REBRRDHEE] 50.99% F 55.79%, [FIFFHEHIEE PCC6803 ) ODy,=0.448 .

1) #HEACHAEHIXHE/KA COD LR MMAN I 4T, 45 ZE Z [BIs BAEFIXT COD BRI
gERNE 1 R, FEm R E ST, R AR TR R RAE R KN, B S R R R
FRIIAA 5 o T 0 et P A R B AR IR X MR (R ) S e, o v SR R P sy, Koo O A L6
LT 2 A X COD PRk, MR MRE—EBEG, JEREREEXT COD B R A fE & Hi,
550 X—INGE AT REIH PR TR B e nE e AR RE 1 i s, SRR R HLIS Y BRI
Gh, U — E B, CIRIR EE ARSI COD AYZBREOR R, XAl feRh Tl mnyiaiess
& SFBOCIRICEA REE B TR R R e
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Fig. 1 Effects of various factors on COD removal efficiency

2) AN FSCHAEFART5KE) NH, -N RERRIRSLIR T AR KW, ReEae SRR A LRI E
EEERMUIETR Y, FIRAREE R NH, N EBREeR. AL T 3 AREXEOKH NH,-N LBk
AU, RAE NH, -N 2R3 i 08 H el s 2, ik 2 400 & 30, IR 20 °C . SLIRERE
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2 000 Lux FIHCERITE 20% MR T, NH,-N £BR0] 15 98.8%. 1EIRE MR IR ALY
AT, EEDEISRERE R ETHE NH,-N KBR, XATRRER G eGSR T pohiss, dFmife
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WERTE, XATRERE R TR ARG, il E 2 Re R T NH, -N BRI,
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Fig. 2 Effects of various factors on removal efficiency of NH,"-N

3) £ R E A HAE G K BB B R A W T 53T o 1878 25 IR 238 HAE X TAE I PCC6803 fY
R EERRAE R AT, E 3 iR, 3 NREMMZEICHAEMA TS . h3E 2 0 &P, 7ERE 20 C.
YEHEERIE 1 500 Lux FIGEEAIIE 10% MFFRESRFHET, BBEEBRRATIES 52.11%, (HAEARIEH B

Bt RIS AR AL A, BPTRER AR SR S R BT A, TEPTREE B3 s
2t RRAUREIN , UNTTREEROn (4522

e N
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B IR
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S5 S50 ISRISIN
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1 000 10
By, 1P
VE] &

(a) VGBS AR XS SR 1 (b)) J5kJE P I k0 25 BR A 0
El3 BEMERE SR ERERNEN

Fig. 3 Effects of various factors on removal efficiency of total phosphorus

() JEHEBR BE BRI BRI

4) £ RS HAE NG K B S L BR A ma L 1 34T 36 2 Sl i, 7R 25 ¢ B
SR 2000 Lux LAKSHEERINE: 30% MAHLAE T, BAREPRFERE 58.69% M . il xR mAEH
YERIEIA T, FEE 4 R BIERE | JERRGR DL GRS R 2 R A AR B . IR 4 w1, eI
JEARAST, BEIOCRRGR FE REE AR S e DG B AR, DT BAmIoRs 2. A, IREEm, &5
MR A R R K R R, AT R, o i R UK T REXH e ORI, et A=
KAl aprE RN, S E KAbFROR

5) RIS AR X e AR RO AR AR R T 0T 25 P E S EA RN EE PCC6803 HA AR 152
WA VLI 5. K 5 HalT LR, FOLRREEE AL, BEEIRERITH, oA KR T e, (Hilid 25 ¢

JE B A A e SZ BN IR X R A A KA I Sh AT 2 W 8 RSN, LM 2 (e i i 72 fiE
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Fig. 4 Effects of various factors on removal efficiency of total nitrogen
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A RKFIREEAL BTG K A RBE I R T RO EIRSREE, AT IO EERIRECR, IERERBOERERA
ROFIH, e e e A

e o0
ot e et e

SIS

:":QP’*‘ S

IS

%

(a) SRR AR XA A 70 (b) JB BB A (30 () A3 BB A< 30
El5 BRME R KHIR

Fig. 5 Effects of various influencing factors on the growth of microalgae

T RIS RO T 3 IKEE SR, T AR R fRRE
25.73 °C.. JGREGREE 1 722.84 Lux MBI 10% BE0F T o St SE AT BB E I 7305
MRERE N 26 °C, JEHRREERE N 1 723 Lux, MEERMEIREEN 10%, 4580 3 YO F4E, 145
F| COD £BEHRiLF] 60.09%, NH,-N EBRREIA 88.01%, WML RE BA MRS HIN 51.12%
54.94% ; [FBFEE ML PCC6803 M KR ODyy, N 0.453 . 1%Z5 R SAERIFIM LT, IE A FH A T3
ALSE AT,

2.3 & EAREAER THREEAIBRK RGP EIER 2

SN E D | ek A Y b RN S R RR G RE R A A AL B b ik RE . FRAE IS
PR A2 NN RGE AT AOLRE, 3 M E RS (photosystem 11, PSI) FDEFR S 1
(photosystem I, PS 1), iX 2 PRGSO Ho0 ) HEAuf 208 SE PR RE R 15540, e HL A& it A
FEAE B R TR B IR ) NADPH, PS 1T R SR 54 (oxygen evolving complex, OEC) #4/K457
IR E AT, DoRaFrhdhig i i 72 PSTT . JBfARR)E (plastoquinone pool, PQ pool).
IR bof, FIAWEZ (plastocyanin, PC), FFxZr PSI LAk E iR JF M (ferredoxin, Fd), 7EEk
b R 1 -NADPH AL if 5 (ferredoxin-NADPH oxidoreductase, FNR) BJ/EHF, NADP ¥k 5k
NADPH, 7ECATEHH R i, T /a2 21, ISR R, K3 ATP & hlE
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P ATP, SERE R T A: ) NADPH Hl ATP it S S R AR IS FIBEN, R St il e 4%
W FIRIEER ) ATE, e a BRI, AZBDERSE [T PsbD Al Psb27 X 2 N[N |
I (K 6) IXRMIG A al e G E T A SR R AR 1 s A AR A, AT
SEICE AR MBRIE RERE ST, feat i kIt — PR VIR EIlRE ST . BT9E3RI, (R0 Fardit
BRI A BRI, A RERS I I 1O A ME IR 041340 PSITAT PSI, SRR S8R A
FIERES), BEMIREROERE AE-,

\ W“C@ NADPH
" B

-----

ATP+P, @ ATP

...........

6 SANEMHEEEE RIS K S(ER KRR RNFRENE

Fig. 6 Photosynthesis genes in microalgae for wastewater treatment under the influence of farnesol

24 SAWEER TREEAIEEK RGP RSEMINRE RAUHI ST

TUEEAEAN BRI K A RETH I AT Y - 1T HLA BE PR K HR A 1 B SR A B I R AR
TERME AR R E AR AL, HA R R HE B s fosaxt oK B RIL R FIRCR . e EIANE G
AR I RE VAR E R, AR T T IS ININER G550 4 B R BEXT B TE R B SR A
XTHRZHAERERE PCCO803 JEM RN 7.66 mg-g ', MITEEAXKEEIIAT, Jek & m R EHNE 8.524 mg g ',
X—EERE, AR IR PCC6803 HANTEM TN R, T TER A L B 2 R i L R 7k
F, SNBSS0 FROZSINEAE IS PCC6803 TEks & BN, wIfES 2R FEA A 0,

S MER A G (K] 7) A, TEB A URERY I EAT R, SN 3.2.1.68 Al 2.4.1.18 [R5
i, EUE T EBEEN (Amylose) 7] SCEEIEN) (Amylopectin) LA IERMARRIAZ ZERIRE 5%kt #2 . AR AR
PRSP ACHE P () G HE (AGPase) G - EEIER A AZBH, [FIRIE2RE &g hn 10 £50%, JEH 2.4.1.18
14-o- ) RME S BERE, L JREMCE T 20 EAEEH 0O AN SCHESER SOMEIR, B9 T IEm =2 RIIAE
HRAISCRELSFY ,  NITHE R T Ve R E A R . S5 RS e L, ERETER R A s B, PRI,
B HAETE I A NS TRy, ATREAE— R DR S TE R I B R BEA 3.2.1.68 EHEIFER T A
GlgX [RIJEY, 2 R 0 RGN T JE R 222 RGO AL AR, (A8 T 2 e R 9l s Ny . 3
S PR B, IEE I Tl AL B AT B . XL LRI T ADP-AHE RN B B
B A1 R E] P, X se Rl = A v RE S LI M BITER & B TEYE . SER & P 0 25 GBA.
SBE. GBEs GBA FEAEHT EEEEN TG, SBE FEEAMEH T ZEEEMIIER, GBE 1ENE &L
FVER SRR, BEUSHRST MEMEALIER) o-1.4 BT R BB > TR MU0 40 32, NI e+ a-
Lo AR S 0T, XL A B, nTREGEIE T YR A GRS BB e R s, SE RGN T B
(Amylose) FISZH% (Amylopectin) JERAIA AL, oM TIEMAERERE . MAe TS0 FAEEEEn & oy
T FGAIXS D . (AEARITHE R T 15 5 PR Ye i B2 AY i 255 0 . TRAMICE P9 57 &3t
{55 TR (trans-cinnamaldehyde) RERSFFICHCEYIREMBERIIEYE, MFNEME(S S 53F (C4-HSL) MEsN
M EEsGsR I E IR IR TG, AT B TE M AR . [FIEE, ZHANG P/ RIS gt 1 [RIRED 45
W, [F9 0 Tl a-VEREREH:, XAEYve R f R R = A B, TR R S
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Fig. 7 The mechanism of starch synthesis in microalgae for wastewater treatment under the influence of farnesol

3 45
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Abstract Efficient recycling and utilization of wastewater resources are key components in achieving carbon
neutrality. The use of microalgae for wastewater treatment not only promotes the degradation of pollutants in
wastewater but also converts organic matter in wastewater into biomass raw-materials, further push the process
of carbon neutrality. In addition, exogenously added bacterial signaling substances have shown significant
effects on the growth and metabolic production of microalgae, yet thereis a lack of research on the regulation of
high-value product synthesis in microalgae by exogenous signaling substances. To investigate the potential of
microalgae in the reduction of wastewater pollutants and the regulatory effects of exogenous microbial signaling
molecules on its treatment efficiency, this study optimized the key conditions for wastewater treatment by
Synechocystis sp. PCC 6 803 using Response Surface Methodology (RSM), including temperature, light
intensity, and the addition of microalgae. The results showed that under optimal process parameters (temperature
of 25.73°C, light intensity of 1 722.39 Lux, and Synechocystis sp. PCC 6 803 addition of 10%), the removal
rates of COD (Chemical Oxygen Demand), ammonia nitrogen, total phosphorus, and total nitrogen could reach
59.57%, 87.01%, 50.99%, and 55.79%, respectively, -and Synechocystis sp. PCC 6 803 still maintained high
growth (OD,=0.448). Further, the regulatory role on wastewater resource recovery was studied by adding
exogenous signaling molecules (1 000 nmol-L™" of homoserine lactone), and it was found that the addition of
homoserine lactone further promoted  starchaccumulation in Synechocystis sp. PCC 6 803. Through
transcriptome sequencing, it was revealed that homoserine lactone regulates the starch metabolism pathway of
Synechocystis sp. PCC 6 803 (upregulating genes 2.4.1.18 and 3.2.1.68), affecting the synthesis of starch from
ADP-glucose by influencing the 14-a-glucan branching enzyme and the glycogen operator protein GlgX
homolog. This study optimized the process parameters for microalgae treatment of domestic wastewater and
established the use of exogenous microbial signaling molecules to regulate microalgal carbon metabolism and
effectively promote the conversion of wastewater pollutants to high-value products (starch), providing new
strategies for the application of microalgae in environmental governance and renewable energy development.
Keywords responsesurface methodology; wastewater treatment; signaling molecule; farnesol
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