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Abstract: Microalgae are important solar-driven CO, biotransformation organisms. The chloroplasts of microalgae
are important organelles for carbon assimilation and subsequent synthesis of carbohydrates, fatty acids, natural
pigments, and amino acids. Unlike higher plant cells, which have multiple relatively small chloroplasts, most

microalgae only have one large chloroplast that accounts for more than 50% of the cell volume. This makes it more

WiEHES: 2022-08-08 {£[E|HEE: 2022-09-28

HeWMB: EREARZES (21878285); EREARFHSE “"ATHhan” HEitRl2Hh0OmE (22088102)

SIFRAX: Hik, B&, Tik, TR, BENS. AORMRAMIBEE T/ ARHEIJ]. amEWS, 2022, 3(6): 1218-1234

Citation: ZHU Zhen, TIAN Jing, JIANG Jing, WANG Wangyin, CAO Xupeng. Progress in microalgae chloroplast organelle factory development[J]. Synthetic
Biology Journal, 2022, 3(6): 1218-1234




%3% www.synbioj.com 1219

conducive for us to obtain pure strains and it is expected to be used in food, aquatic industry, medicine, chemical
products, biofuels and other fields by the establishment of microalgal chloroplast organelle factories. The construction
of microalgae chloroplast organelle factories is one of the potential ways to achieve “carbon neutrality” by means of
synthetic biology. The researches on microalgae transformation and microalgae chloroplast organelle factory are still in
their infancy. There are still a lot of scientific and technical questions to be answered before microalgae chloroplast
organelle factory can be applied at a large scale. In this mini review, the current progress of chloroplast transformation
and expression technology in microalgae has been systematically summarized and briefly analyzed, and different
approaches are compared, especially regarding the transformation strategies, i.e., direct chloroplast transformation and
the transformation of nuclear-encoded chloroplast-targeted genes based on chimeric chloroplast transit peptides. The
direct transformation strategy targeting the chloroplast genome is widely used. In Chlamydomonas reinhardtii, the most
studied species, more than 100 different proteins have been successfully expressed. However, the chloroplast genome
has limited insertion sites and the available regulation machineries on the exogenous genes' expression are rare. By
using chloroplast signal peptides, more than 90% of native chloroplast proteins are nuclear-encoded and controllably
delivered to the chloroplast. In recent years, the strategy of nuclear transformation and chloroplast-targeting expression
based on chimeric chloroplast signal peptide has gained attention, having shown advantages in carbon fixation and oil
production regulation. Some perspectives were also discussed. In the global effort for carbon neutralization, the
microalgae chloroplast organelle factories will be good carriers to convert CO, to complex biomass by artificial and

natural hybrid photosynthesis as a solution to food, energy, and environmental problems.
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psbA terminator, aadA

Ja IR IR I

Note: TCP—total cell protein; TSP—total soluble protein; DB—

dried biomass; DA—densitometric analysis; ND—not determined; CTB—

cholera toxin B subunit; VP1—the foot and mouth disease virus (FMDV); M-SAA—mammary-associated serum amyloid; Isc—large single-chain.
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5" UTR—5' untranslated region; cTP—choroplast transit peptide
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Fig. 2 Schematic diagram of the localization cTP and chloroplast/thylakoid protein

TP—transit peptide; Toc complex—translocon at the outer envelope membrane of chloroplasts;

Tic complex—translocon at the inner envelope membrane of chloroplasts; Tat—twin arginine translocation
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Fig. 3 Construction of a chloroplast organelle factory coupled with artificial - biological photosynthesis
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