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Abstract of Thesis

Chapter 1: Introduction

Monoculture of microalgae often suffer from low cell density and high contamination risk, driving renewed interest in bacterial
co-cultivation to boost biomass. Yet most studies overlook the metabolic crosstalk. Therefore, this research investigates bacterial
roles and streamlined genomes in cross-kingdom signaling.

Chapter 2: KEIO knockout collection reveals metabolomic crosstalk in Chlorella sorokiniana-Escherichia coli co-cultures
An Escherichia coli single gene knockout mutant library was used to systematically screen for genes involved in the
interdependence of Chlorella sorokiniana and E. coli. 31 potential algal growth-promoting and 56 growth-inhibiting genes out
of 3,985 genes were identified that enhanced and diminished the production of algal chlorophyll-a content, respectively. KEGG
mapping of these growth-regulating genes suggested a metabolic symbiosis involving bacteria-derived cobalamin, biotin,
riboflavin, and 2,3-butanediol.

Chapter 3: Impacts of riboflavin-overproducing engineered Escherichia coli towards Chlorella sorokiniana growth in
optimized co-cultivation approach

The E. coli zwf and fbp genes were co-expressed in E. coli BL21(DE3) via pETDuet-1, resulting in an increased riboflavin level
in 100% bacterial medium supernatant. Its 10-days-long co-cultivation with C. sorokiniana has enhanced the algal specific
growth rate, cell size, pigment productivity, extracellular carbohydrate productivity, and lipid productivity by at least 2-fold.
Riboflavin’s effect peaked during the first two days, followed by cell adaptation (D2-D4), slower division (D4-D10), and
metabolite accumulation (D6-D10).

Chapter 4: Elevated biomass and lipid productivity in Chlorella sorokiniana co-cultured with vitamins-overproducing
Escherichia coli

The engineered E. coli strain, RS04, overexpressing riboflavin, cobalamin, and biotin biosynthesis-related genes enhanced the
algal growth by at least 5 times within 7 days. The synergistic effects were encouraging when the co-culture managed to give
high microalgal-to-bacterial ratio of 6.2, which was 5-fold higher than the control. Co-cultures yielded a wider variety of fatty
acids, with C16-C18 more than 56%, while perfectly met all the international criteria of biodiesel properties.

Chapter 5: Conclusion and future perspectives

In summary, genome-wide high-throughput screening identified interactive bacterial metabolites in the algal, enabling validation
via metabolic engineering techniques. It enables the establishment of a synergistic effect study, where engineered bacteria

enhanced algal growth under various cultivation setups.
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KX DOFEIE T, HERMSIREZAD D17 V—T7Th HWEEIC OV T, CoEEE LIRRFROFH
WEAET Ty b7+ —LE L TOREL, ZOHRKRBEIZOW TR TS, BMEEZ AW WEEEDOR
BE LT, MROEMEEDOES & 2SS BMWEOAFEEREREDKR 2] LI, ZFOfREO—>2& LT,
PEIRARFEMEDOME & OILRFEIT L 2 B AR E O BEFEIEHE 2 130> o T2 IR R HBIDSR A STV 5, Ml & odEER& I
X DA EEE ORI TS < OFRMER R INTNDE—FH T, TONTA I = A LIDONTIE, +4r 7Bl fig
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EELTWD, ZOFRR, BEOZon 7 ¢ laf fEBEZHEBIE O 531EOEBBEMREMERE T £ 56O E
PHBEETZRBE LTS, 72, Zhb0BEBETZRBENHEHREE LIty 7L, RIBEHEDOaNT
V. EFTFU URTITEY, 2,3-T XU O EAEICHE D BOREE O BIRIEE O FIREE A SR LTV B,

FIFETIL, 2ECHEINAEOMBE R RRFH O S L, VATZ7 IV ICER L. FMEOALERE O TMR
WA KRG EREOEH & [FRRIC X 2 ol BB AR E S R ORGEICE D LA TW D, ETRKIBE D zwt, fbpiEIEF
OEFIFEIUZ LD | BBETO)RT 7 € REZR2MBICH ESETHND, DWTRKRIGE L 7 v L7 B

(Chlorella sorokiniana) & OILFEFIZ IV | XHERBE L LB L C, € sorokiniana® LLYEFEIEE . Y1 X,
BSEAPEN, MBS RA S EENE, B X ORREAEEN, PRt b2FlicmbEdT a2 2 RLTVS,

BAETIZ, VRTZ7 Iz, 2T Iy, BAFroAENNE RS - KGERSSEEREER L, Rk
L C sorokiniana® IFEFIT K D MEEARERY B & MREE LT, £ O RIGEKIL, TR odEE# T
sorokiniana®D¥EFEZSHELL EIZ@EO D Z ERHALNIZ LTS, FFAEHEERIIBNT, VARZ7 I8y, ang
SV, BEFFUD3I0oDOEH I USTFINC sorokinianall TRV IAENA XA LT T s AINEHALMNIL TS,
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FDRFANZALIZONWTHREEN R END & & bIT, BEEFSROFHMWED —>TH L IFEIZ OV TAA A
T4 —ENVEFEIZESEZ H T THERDMTON TN D,
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