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Figure 1. Structure of sophorolipids. Left: acidic

form; right: lactonic form.
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Table 1. Wild sophorolipid-producing strains and their main type of products

Microorganism Strains origin Main components

Candida apicold™™ Sow thistle petals, Canada Mono- and nonacetylated lactonic form
Pseudohyphozyma Leaf surface of Randia malleifera, Indonesia C,, diacetylated acidic form, OH at Cy3
bogoriensist'* 4

Candida ﬂoricola“s’m] Dandelion and azalea, Japan Cig.; diacetylated acidic form (®-1)

Candida batistae!'” Larva of digger bee, Brasil Ci3.1 acidic form (®)

Wickerhamiella domercgiae™™ Oil-containing wastewater C,g.; diacetylated lactonic form (w-1)

Wickerhamiella anomalus™  Thai fermented food Cig.1 /Cao SLs

Candida riodocensist'? Pollen and nectar of solitary bee Cig.1 diacetylated acidic and monoacetylated lactonic forms
Candida stellata" Wine grapes, Germany Ci3.1 diacetylated acidic form

Candida kuoit"**" Grape juice C,g,1 diacetylated acidic and monoacetylated lactonic forms

(21] Petroleum hydrocarbon-contaminated soil, India C;g.; monoacetylated lactonic forms

Petroleum hydrocarbon-contaminated soil, India Cs.; diacetylated acidic form
Petroleum hydrocarbon-contaminated site, India C,.4 monoacetylated lactonic form

Candida rugosa
Rhodotorula mucilaginosat"
Candida tropicalis™

Candida albicans® Ocean university of China Cg.; diacetylated lactonic form

Cyberlindnera Cosmetic industrial waste Cis.0 nonacetylated lactonic and C,g4. diacetylated
samutprakarnensis®" lactonic forms (o®-1)

Cryptococcus sp. VITGBN2* Wastewater effluent, India Cig.1 diacetylated acidic form

Lachancea thermotolerans®®  Gut of Apis mellifera, Iran Acidic and lactonic forms mixture

Rhodotorula babjevae® ™ Agricultural field, India Ci1.0/Ci3.1 nonacetylated acidic, Cy3.1/Ci5.3/Ci6:0/Cigea

nonacetylated lactonic and C g, diacetylated lactonic

forms

Starmerella bombicola Bumblebee honey, Canada C,g.; diacetylated lactonic form (®-1)

*: W, domercqiae was identified as S. bombicola in recent years!'.
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Figure 2. Structure of sophorolipids. A: Cys. sophorolipidm]; B: Di- and trimeric sophorolipids produced by C.

kuoi.
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Figure 3. Biosynthesis of sophorolipids!™®7\. A: sophorolipids biosynthetic pathway; B: sophorolipids

biosynthetic-related genes in S. bombicola.
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Engineered strains Purpose Main component Yield/(g/L)
Amfe-211 To obtain 20-HETE 20-HETE SLs 19
Aatt*? To obtain SLs without acetyl groups Nonacetylated lactonic form 5
oe sble” To obtain lactonic SLs Diacetylated lactonic form 139
Asble! To obtain acidic SLs Acidic form mixture 124
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AatAsbleAfaol™) sBola form 20
Afao " To identify the function of fatty alcohol oxidase FAO1 Alkyl SLs and Bola form 27
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Figure 4.

acidic sophorolipid*'; B: alkyl sophorolipids'*¥

bola-form sophorolipid“**); E: bola-form sophorolipid'*¥
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Structure of sophorolipids produced by engineered S. bombicola strains. A: 20-Hydroxyeicosatetraenoic
: C: non-symmetrical bola-form sophorolipid*’); D: symmetrical
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B AAFTEARAE NN, B QS XU o PR, AF
FEENT L T T T i — PR R
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N T HEEARBEIR I [T % , Dolman &5 T —
AT R )3 B BROT, TR T — R i M
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Figure 5.
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with funnel as simple separator'®®’.
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: C: foam flotation separation process of sophorolipids!®”’

Continuous fermentation process of sophorolipids production. A: in situ cell separation by applying
; B: gravity separation process adapted to density change of sophorolipids

; D: gravity separation process of sophorolipids
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Table 3. Production efficiency of sophorolipids under different fermentation processes

Fed substrates Fermentation Yield/(g/L) Productivity/ Co.nversion Quantitative methods
scale [g/(L-h)] ratio */(g/g)
(Fed) Batch Fermentation
Glucose, rapeseed esterst>” 4L 340 2.10 0.65 HPLC-ELSD
Glucose, rapeseed oill*¥ 10L > 200 3.70 0.66 Anthrone colorimetry
Glucose, SCO, rapeseed il 3L 422 0.80 0.84 Gravimetric
Sugarcane molasses, soybean 0ill*® 3L 60 0.31 0.60 Gravimetric
Food waste hydrolysates®” 2L 28.2 0.39 0.26 HPLC-ELSD
Glucose, sunflower oil refinery 5L 51.5 0.27 0.26 Gravimetric
wastel™™
Rice bran, glucose, cottonseed 0il®” 7L 131.5 0.67 0.44 RP-HPLC
Soy molasses, oleic acid®” 12L 75 0.44 0.13 Gravimetric
Glucose, tallow fatty acid!*® Shake flask 120 0.50 0.42 TLC
Corn stover hydrolysates, yellow 3L 52.1 0.31 0.34 Gravimetric
greasel®!!
Food waste hydrolysates, glucose, 2L 92.8 1.00 0.33 HPLC-ELSD
oleic acid?®”
Semi-continuous Fermentation
Glucose, rapeseed esters!®? 4L 266 (Cycle 1.38 (Cycle 0.43 (Cycle Anthrone colorimetry
average) average) average)
Continuous Fermentation
Glucose, sunflower oil!®*! 10L 8.0 0.34 0.15 TLC semi-quantitative
Glucose, rapeseed oil*¥ 3L 623 0.61 0.47 Gravimetric
Glucose, rapeseed oil®™ 5L 342 1.55 0.43 Gravimetric
Food waste hydrolysates, glucose, 2L 1719.7 2.39 0.73 HPLC-ELSD
oleic acid!®®
Solid-state Fermentation
Fed substrates Incubation time/h Yield /(g/g)
Sunflower oil cake, motor o0il(®”! 384 0.32
Sunflower oil cake, soybean oill®8! 384 0.40
Winterization oil cake, sugar beet molasses!®”! 192 0.24
Safflower oil cake, soybean oil ™"’ 336 0.48
Stearic acid, sugar beet molasses!’"! 384 0.21
Total SLs (g)

Conversion ratio =

Total carbon source provided (g) -
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Table 4. The comparison of separation efficiency by different processes
Separation techniques SL products Recovery/% Purity/%  Advantages Disadvantages
Gravity™ Mixture 93 n.a. Easy operation, high recovery rate, Low purity

large-scale application
Foam flotation!®”! Mixture 91 n.a Operating easily, high recovery ~ Low purity
rate, large-scale application

Pentanol and Soxhlet SL-COOH <90 >95 mol% High purity, high recovery rate Possible by-product
extraction’™ formation
Double silica SL-COOH <60 >92 mol% Quick and easy operation Highly toxic solvent,
filtration!”™ impurities retained
Preparative HPLC!"®!  C\4., diacetylated n.a 100 100% purity, single molecular Low instrument load,

lactonic form structure product expensive
Crystallization acetylated lactonic 40 >90 High purity Low recovery rate, long
(ethanol solution)!””!  form time
Crystallization (PBS  Diacetylated lactonic 99.2 98.9 High purity, high recovery rate Initial product content
solution)®” form more than 90%
Crystallization (water Diacetylated lactonic 95 97 High purity, high recovery rate,  For S. bombicola
solution)™ form large-scale application engineering strain

products
Crystallization (mixed SL-COOH <80 100 High purity, high recovery rate Long time, energy
solvent)’*] consumption, no water
in system

Crystallization (ethyl C,,.c monoacetylated n.a >95 High purity Long time, energy
acetate solvent)®!! acidic form consumption
Membrane filtration  Acidic forms 45 98 High purity Low recovery rate,
follow dialysis!® membrane fouling
Membrane filtration  Bola form 65 95 High purity Low recovery rate,
follow dialysist**! membrane fouling
Stepwise solvent SL-COOH/SL-ester  50/79 100 High purity, universality Need a lot of organic

extractions'®?!

solvents

n.a.: not available.
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Biosynthesis and downstream processing of biosurfactant
sophorolipids

Yujing Tang, Xuwei Long"

School of Environmental and Biological Engineering, Nanjing University of Science and Technology, Nanjing 210094, Jiangsu
Province, China

Abstract: Sophorolipids are glycolipids biosurfactants largely produced by various yeasts. They have excellent
surface/interfacial activities and chemical stability even at extreme pH, temperature and salinity. More important,
sophorolipids have many advantages over the chemical surfactants including non-toxic, non-irritating and
easy-to-biodegrade, with many potential applications in many fields. Through the efforts made in the past five
decades, the fermentation level of sophorolipids has been highly improved, but the downstream processing that
counts for 60% to 80% of the total production cost, is still a challenge. This review highlights the properties and
structures of sophorolipids, the biosynthesis pathway of sophorolipids, and the progress in fermentation and
separation of sophorolipids in recent years. In addition, the prospects doe sophorolipids fermentation and separation

towards their industrialization and commercialization are also addressed.
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