Two-Phase Fermentation Systems for Microbial Production of
Plant-Derived Terpenes

Table S1. Summary of the fermentation results for monoterpenes, categorized by various chassis cells,
fermentation types, the second phase, and production outputs.

Monoterpenes Chassis cells Fermentation types Second phases ;rrg;i) References
geraniol E. coli bioreactor none 78.8 [1]
flask isopropyl myristate 2102.5 [2]
bioreactor isopropyl myristate 13190 [3]
bioreactor isopropyl myristate 2000 [1]
flask n-decane 182.5 [4]
flask n-decane 1119 [5]
flask n-decane 300 [6]
S. cerevisiae flask none 5 [7]
flask none 36.04 [8]
bioreactor n-dodecane 227 [9]
bioreactor n-dodecane 293 [10]
bioreactor n-dodecane 1690 [11]
bioreactor isopropyl myristate 1680 [12]
C. glutamicum flask n-dodecane 15.2 [13]
limonene E. coli flask n-dodecane 435 [14]
flask n-dodecane 605 [15]
flask n-dodecane 214 [16]
flask isopropyl myristate 1290 [17]
flask diisononyl phthalate 37.8 [18]
bioreactor diisonony! phthalate 2700 [19]
bioreactor diisononyl phthalate 3630 [20]
S. cerevisiae flask none 62.31 [21]
flask n-dodecane 0.12 [22]
flask n-dodecane 1.48 [23]
flask n-dodecane 2580 [24]
flask n-dodecane 166 [25]
flask n-dodecane 76 [26]
bioreactor n-dodecane 2630 [27]
flask isopropyl myristate 917 [28]
flask isopropyl myristate 2230 [29]
R. toruloides tube n-dodecane 393.5 [30]
flask n-dodecane 358.1 [31]
4. gossypii flask n-dodecane 336.4 [32]
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Abbreviation of microorganisms: E. coli:

Escherichia coli;

S. cerevisiae:

Saccharomyces cerevisiae;

C. glutamicum:



Corynebacterium glutamicum; R. toruloides: Rhodotorula toruloides; A. gossypii: Ashbya gossypii; Y. lipolytica: Yarrowia lipolytica;

P. ananatis: Pantoea ananatis; C. glycerinogenes: Candida glycerinogenes

Table S2. Summary of the fermentation results for sesquiterpenes, categorized by various chassis cells,
fermentation types, the second phase, and production outputs.

Titers

Sesquiterpenes Chassis cells Fermentation types Second phases (mg/L) References
amorphadiene E. coli flask none 112.2 [68]
tube n-dodecane 180 [69]
flask n-dodecane 201 [70]
flask n-dodecane 290 [71]
flask n-dodecane 293 [72]
tube n-dodecane 300 [73]
flask n-dodecane 331.7 [74]
flask n-dodecane 404.8 [75]
flask n-dodecane 500 [76]
flask n-dodecane 700 [77]
flask n-dodecane 1400 [78]
bioreactor n-dodecane 500 [79]
bioreactor n-dodecane 3550 [80]
bioreactor n-dodecane 29700 [81]
bioreactor n-dodecane 30000 [82]
S. cerevisiae flask n-dodecane 0.6 [83]
flask n-dodecane 54.6 [84]
flask n-dodecane 64 [73]
flask n-dodecane 120 [85]
flask n-dodecane 153 [86]
flask n-dodecane 497 [87]
bioreactor n-dodecane 41000 [88]
flask isopropyl myristate 4000 [89]
bioreactor methyl oleate 40000 [89]
bioreactor methyl oleate 25000 [90]
Y. lipolytica flask n-dodecane 171.5 [91]
R. toruloides bioreactor n-dodecane 36 [92]
B. subtilis flask n-dodecane 20 [93]
S. elongatus flask n-hexan/n-decane 19.8 [94]
a-farnesene E. coli flask n-decane 380 [95]
flask n-decane 1100 [96]
S. cerevisiae bioreactor n-dodecane 23.37 [97]
]

flask n-dodecane 1477.2 [98
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Abbreviation of microorganisms: B. subtilis: Bacillus subtilis; S. elongatus: Synechococcus elongatus, P. pastoris: Pichia pastoris; C.
reinhardtii: Chlamydomonas reinhardtii; R. sphaeroides: Rhodobacter sphaeroides; O. polymorpha: Ogataea polymorpha; X.
dendrorhous: Xanthophyllomyces dendrorhous

Table S3. Summary of the fermentation results for diterpenes, categorized by various chassis cells, fermentation
types, the second phase, and production outputs.

Titers

Diterpenes Chassis cells Fermentation types Second phases (mg/L) References
miltiradiene S. cerevisiae bioreactor none 488 [175]
flask n-dodecane 550 [176]
bioreactor n-dodecane 365 [177]
bioreactor n-dodecane 3500 [176]
gibberellic acid 3 Y. lipolytica 24-roundwell plates none 12.8 [178]
gibberellic acid 4 Y. lipolytica 24-roundwell plates none 17.3 [178]
taxadiene E. coli flask none 13 [179]
flask n-dodecane 570 [180]
bioreactor n-dodecane 1000 [181]
bioreactor n-dodecane 1020 [181]
S. cerevisiae bioreactor none 33 [182]
flask silica gel 8 [183]
bioreactor n-dodecane 129 [184]
bioreactor n-dodecane 127 [184]
A. fumigatus flask immobilization 0.694 [185]
A. tenuissima flask immobilization 0.388 [185]
oxygenated taxane  S. cerevisiae bioreactor n-dodecane 78 [186]
ent -kaurene E. coli bioreactor none 578 [187]
bioreactor n-dodecane 624 [188]
R. toruloides bioreactor n-dodecane 1400 [189]
geranylgeraniol S. cerevisiae bioreactor none 3300 [190]
flask n-dodecane 374.02 [191]
flask n-dodecane 772.98 [191]
bioreactor n-dodecane 1310 [192]



bioreactor n-dodecane 5070 [191

]

steviol E. coli bioreactor none 1100 [193]
bioreactor n-dodecane 384 [188]

carnosic acid S. cerevisiae flask none 25 [194]
bioreactor none 75.2 [194]

sclareol E. coli bioreactor n-dodecane 1500 [195]
S. cerevisiae flask n-dodecane 750 [196]

flask n-dodecane 403 [197]

bioreactor n-hexane 11400 [198]

levopimaradiene E. coli bioreactor n-dodecane 700 [199]
levopimaric acid S. cerevisiae bioreactor n-dodecane 400.3 [200]
rubusoside S. cerevisiae bioreactor none 1400 [201]
bioreactor none 1369 [201]

rebaudiosides S. cerevisiae bioreactor none 132.7 [201]
retinoids E. coli tube n-dodecane 33 [202]
retinol S. cerevisiae bioreactor n-dodecane 2349 [203]
Y. lipolytica bioreactor n-dodecane 4860 [204]

13R-manoyl oxide S. cerevisiae bioreactor n-dodecane 3000 [205]
forskolin S. cerevisiae flask n-hexane 40 [206]
cis-abienol E. coli bioreactor isopropyl myristate 634 [207]

Abbreviation of microorganisms: A. fumigatus.: Aspergillus fumigatus; A. tenuissima: Alternaria tenuissima

Table S4. Summary of the fermentation results for triterpenes, categorized by various chassis cells, fermentation
types, the second phase, and production outputs.

Titers

Triterpenes Chassis cells Fermentation types Second phases (mg/L) References

squalene S. cerevisiae bioreactor none 445.6 [208]
bioreactor none 9472 [209]

bioreactor n-dodecane 207.02 [98]

ambrein E. coli flask none 2.6 [98]
P. pastoris bioreactor none 100 [210]
betulin S. cerevisiae flask none 59.5 [211]
gypsogenin S. cerevisiae bioreactor none 146.84 [212]
lupeol S. cerevisiae flask none 200.1 [213]
flask none 23.6 [211]
a-amyrin S. cerevisiae flask none 213.7 [214]
bioreactor none 1100 [214]
bioreactor none 175.15 [215]
flask none 11.97 [216]
B-Amyrin S. cerevisiae bioreactor none 138.8 [217]
bioreactor none 108 [218]
tube none 6 [219]
]

bioreactor none 108.1 [220
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flask none 51.8 [238]
ginsenoside RF1 S. cerevisiae flask none a1 [240]

ginsenoside Rhl S. cerevisiae flask none 92.8 [240]

Table S5. Summary of the fermentation results for tetraterpene, categorized by various chassis cells, fermentation

types, the second phase, and production outputs.

Titers

Tetraterpenes Chassis cells Fermentation types Second phases (mg/L) References
B-carotene E. coli flask none 503 [241]
flask none 464 [242]
bioreactor none 2100 [243]
bioreactor none 663 [244]
bioreactor none 3200 [245]
bioreactor none 390 [246]
S. cerevisiae tube none 4779 [247]
lycopene E. coli tube none 7785 [248]
flask none 3520 [248]
flask none 1440 [249]
bioreactor none 128 [250]
flask none 358.9 [251]
flask none 224 [252]
bioreactor none 2700 [253]
S. cerevisiae flask none 2300 [254]
bioreactor none 2370 [255]
bioreactor none 1610 [256]
Y. lipolytica bioreactor none 4200 [257]
Mucor circinelloides flask none 54000 [258]
R. rubrum flask none 15 [259]
R. sphaeroides flask none 66.05 [260]
H. mediterranci flask none 42941 [261]
P. pastoris bioreactor none 73.9 [262]
flask none 714 [263]
astaxanthin E. coli bioreactor none 880 [264]
bioreactor none 1820 [265]
crocetin S. cerevisiae bioreactor none 6.278 [266]
zeaxanthin E. coli flask none 4346  [267]
bioreactor none 722.46 [268]
S. cerevisiae tube none 1.5 [269]
P. putida flask none 51.3 [270]

Abbreviation of microorganisms: R. rubrum: Rhodospirillum rubrum; H. mediterranei: Haloferax mediterranei; P. putida:



Pseudomonas putida
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