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Research Status in the Production of Squalene by Thraustochytrids

LI Meng-fan  XIE Yun-xuan XIE Ning-dong ZHANG Ai-qing WANG Guang-yi
( School of Environmental Science and Engineering, Tianjin University, Tianjin 300072 )

Abstract: Squalene is an important polyunsaturated triterpene substance, participates in multiple physiological processes in
human body, and has the effect of enhancing immunity, delaying skin aging, and preventing the cancer. Under heterotrophic conditions,
Thraustochytrids can grow rapidly and synthesize high content of squalene, thus there is the potential of developing industrial production of
squalene. In this paper, the application potential of ecology and biotechnology of Thraustochytrids were outlined, focusing on the research
status of squalene production by Thraustochytrids, and the metabolic pathways of squalene synthesis by Thraustochytrids were summarized.
Then, five main factors affecting the production of squalene in the fermentation of Thraustochytrids were reviewed, and the regulatory effects
of hormone substances on the production of squalene by Thraustochytrids were summarized. The aim of this review is to provide reference for the

further research and development of squalene production by Thraustochytrids.
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DR LM e B A 22 7 R i R PR ik 1 Rt
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IR A S SR R AR AR, AT K2 E A
FORNEMER . MIBEEA . BT E S, EE
1% Aurantiochytrium . Thraustochytrium . Botryochyt-
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Table 1 Summary of the most squalene-producing chytrid strains studied at the present stage

573 i R A

Strain Production of squalene

Characteristics

R Ia] 22530k
Published date Reference

Aurantiochytrium sp. BR-MP4-A1 0.57 mg/g DCW

i o 452t — bR SR 2 ZIR TR, AR, %5 2000 [26]

BRI AT BE R

Aurantiochytriummangrovei FB3 0.53 mg/g DCW

A TR RN SN AR PR AR SRR (FREE 2010 [3]

ZRIF ) SRR LA TR 1 A A T et

Aurantiochytrium sp. BR-MP4-A1 0.72 mg/g DCW WFFE T AR 8 2 R A LA X ST B e 2010 [30]
PR R

Aurantiochytrium sp. 18 W-13a 198 mg/g DCW A m e, AT RS AL AR 2011 [31]

Schizochytrium mangrovei PQ6 80.1 mg/g DCW DA B A 7 1 R Ak i R 2014 [32]

Schizochytrium sp.CCTCC 209059b  84mg/g DCW B KAGE TARALY) (IRERE . fleks ) fERRES 2014 [33]
K B g T

Aurantiochytrium sp. Yonez 5-1 318 mg/g DCW AR E T, RRAEE A5 (TLC) FikiEm s 2014

Schizochytrium limacinum B4D1 20.09 mg/g DCW AN T ESRFEAR DHA P AT 5 e ke 2017 [34]
i (U6 /L T B AN I O AN 0.65 mg/g $ i 5]
20.09 mg/s )

Aurantiochytrium sp. T66 1.0 g/L BRI LT e 2R RS FR kA M el 2019 [35]

Schizochytrium limacinum SR21 16.34 mg/g DCW FZAT A2 AR A PR A AL RS 2020 [36]
1 DHA

IPP RIS 1A 3, 3- — I L0 TN S AR . DMAPP ),
HETT Rk JE SR AR 5 i A= Jik Je SEAERRIR (arnesyl
diphosphate, FPP), 244 W ff % 1 s I
TEA RS T Gad 1 e da IR AL I 0 AR HDE I
(S) - M -2,3- AW, SR)E 2 HALREE 1)
AR R R 1),

FIRT, X TRl o vh A e i O LB A T 50
B INOTHRATEE A T iF B A 0BERR FPP /Y H 2L
iR A v o S i BT A Rk RS TR e A T R AT 1T
B AT 38 :o i ok X Aurantiochytrium sp.KRS101 28]
g e G R BT, WESEE R TR R
NADPH 1 Mg™ 775 411 T HEAL W 23719 FPP #%4L
RIS A TS, S O A A B P
S U R A T HAR PO RETEGE o W, s
Kol e % 5 T Aurantiochytrium sp.TWZ-97 Tl S 2H 1) 4y
Mr, WFSSEINHE T MVA FIf el & s (&
1) BT K i 2 W BRI el A GBI ( 3-hydroxy-
3-methylglutaryl-CoA reductase, HMGR ). ffl & /i &
T ( squalene synthase, SQS ) G5 T AN SRR ) LR
X JRAE A A 1E S S A T s A ) T B )
— AESEREIIE TS T B, RS TE R AT A

(G HLEE B R ALH A 2 4 BB, iR F %
LA 3 % OGS N D) RE L S LR S50, AT 48
TN A L o AL

H A A A Dl i & 5 MVA A 8 A ik
3 [ v %) S B R DR ok B8 v A W A I T R T
0 i, AT T B R I £
H Y HMG-CoA I J5i i, (o T2 B bR 9 #f e s A 7
BE 1M LB A BRRRSIN T 20 4% 12 5 S 2o i PP TR
BEEE A TR 1 5 FPP SRS R 3k, fdi 4 i o
(R AN 22 I RE I B AR R, b A el i
15 9 mg/g DOW , THEFAE bR FUAE 7 1 i fr ks s
¥ MVA i % I 5 Fp 32 (HMGs. HMGR., MK,
IDI 1 DMAPP ) 19 gty 56 [N 38 5 B B — 452 9\ + 1 4%
Bl RGFFE TR E, SR EMMEET 5
ik 230 mg/L ' KAl AR T IEH R SQS YR
B e AR IAFF R h E T ek R, R3RIE SQS
AR BT BN 42 mg/L, T 1E 3k SQS 3
TR SR T AL 3.5 me/L 2, 3 3 o4 PR
B} SHY3 (1) ff) e Js B EUI0 B, (A5 DA R 1) #f) e Js AR
SRR T 5 me/g DCW 2 BT, MXHIR R
L TREEEFIR AR, A TR TBH T4
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——» | Steroid biosynthesis

HMG-CoA : 3- #% 3k -3- 1 2L 8 = L %l i A 5 HMGS : HMG-CoA 15 i i 5
HMGR : HMG-CoA & J5UHF ; PMK : B2 HH 2 BRI s MVD « ZBFHR I 2
TRERIEAR MG 5 PP« S WAL 5 FPS « TRJEBE —BERR & U 5 1D - 57
R W SEAA N 5 DMAPP » —HULM N JE ZRR 5 FPP .« 3L JeBE 0
FPS : FPP & < SQE : fd MFh L

HMG CoA: 3-hydroxy-3-methylglutaryl coenzyme A. HMGs: HMG CoA synthetase.
HMGR: HMG CoA reductase. PMK: evalonate phosphate kinase. MVD: mevalonate
diphosphate Keywords valerate decarboxylase. IPP: isopentenyl diphosphate.
FPS: farnesyl diphosphate synthetase. IDI: isopentenyl diphosphate Keywords
pentane diphosphate isomerase; dmapp. dimethylallyl diphosphate. FPP: farnesyl
diphosphate. FPS: FPP synthetase. SQE: squalene cyclooxygenase
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Fig.1 The pathway of squalene synthesis by

Thraustochytrids™*™
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W e 54 A T 1) A= 0 o AR R 0 A A, (E: FRTAY
WF5E 32 A R R 2 B 0 Ak, X B YR 28 %)
£ 3 I 7 ik 5 T BRI SR A T R
ZHE i PPAL 5 RS TR A B IR (R 20 me/L) X
Aurantiochytrium sp.TWZ-97 ffi & i = &t 052 0, Rl
AR, M. b, EEREAE Ry, DA AT
AN A RN AR IR A RS, R IR AR A
AR B R I — eI S S A 5
o B0 OB R A A IR B SR A A o, ANl A
Aurantiochytrium sp. T66 VLA T4 4t Z K St M skt
AR R RS 1 gL, [ Schizochytrium
limacinum SR21 {fi F1 24k "7 FULL B 22 42 K o 41 4
FOK A A M AR A M (R i
16.34 mg/g DCW ) "™, 2458 35 17 J& 1) Schizochytrium
sp KH105 DA% WA ) I K S RLak AU A T
(faihs =i 3.4 o/L) Y 2 WA IR R FH A R
AR RRRY . R R R . A RN . FORH
IREGA VAR . LR . TR S5 AL
TR R IRV R A [ il A8 A T P 2 KA £
BIHRZR M BAIRK 2SR, T8 Aurantiochytrium
sp. BR-MP4-A1 A=y i@ i iaatse b il ad AL /U8
R AIREN . T R IO AR 2R 1 R RE A E 240 i
A AR R A, R LA 3 R R B e v
FE, TR . ToERE BRI IR 1 R A d VR
43 510 6.61 me/L. 6.13 me/L Fl 4.50 me/L, A % 1
5 RN AR 0 e 5y S E 0.72 mg/g DCW FT 5.90
mg/L L W AR ST S SR, WA i
A R R I R R IR, A =R . R Y
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FEX R AR SE, BR T PR 2 ik A R
FSEAI, T R0 P A J3E U 30 Wi ke S A T At i A=
GIRAWE IOl AN RN (o 1 R7 9 A S i <5
iR BE ) T, A T Y AR A R A 5 2
U BB NS — g Iy, HAR U 2ol 2 B = A
Kz s > G T e RE A Ik g A
e, EARH TG LR A R BUR 10
A% B Schizochytrium mangrovei PQ6 TE L) [ B £ HL 4
A ME— I, TEWRIE N 0.5%-4% JERIN, 1% /Y
P B i VU VA T X8 0 T 0 10 7 L RN A0 B ) A K e
A0S L A A A R R IR, A e A A
e WA RRRY . R 2 5128 T bk
A R TE R AR IR E T 0 f M i K A A
e BE A Ak 2 30 o/L B, 1% %% 48 B Aurantiochytrium
mangrovei FB3 ek S eSS 2.21 mg/L :3:0 w
PETF T Aurantiochytrium sp. TWZ-97 7 10 g/L-40 g/L
IR Z ISR | MR Bk e 7,
HZ MR, G WA T Aurantiochytrium sp.
18W-13a FY/ L) RE AT A AR I (20 g/1-90 ¢/L) Hy
Snmisg i, HHA R (mg/g DCW ) AIFEAR
TN RIS IR, AR [ R 1 5
Wi 1, [l —Ja B9 A TR TR T R /st AN ] Ay A R
Peo Dt T BERR B A2 BN TR SRR B AL 2
KHEE,

BN, AN [ 2B A T TR A R R L D ) e

PEANIA],  DRIHCAE SEBRBRATE v 1 2 XA ] 1 A £
RIRIREFR I oy S BC b o AT A I FH R B
AR . T RRSR YRR AR (1 2 e 3 1 U
(B, e AR ™ 3 2% RS PR s 1 L, Rk
BERVET . BRI, MoAs R sk A T A, R
FEAIRA = LA, DASRAS SR R I 48 B 2k
32 #HAE

VEPRICAE W DR AR KBRS 2R B X NaCl Rk
AIRUENE, NaCl AT DAGERR40 1 9 35 15 1 F- 1
17 FLA 2 5 TR iy . SRR 4 — R AR
WS Sh 2, P, NaCl B2 & 54 Ma e vE i ) &
B P (T RBE N - L0 WA T A KA R
Z %] NaCl YREEZI , FEARFREE VA AT ik
I DR R NaCl ¥k B P DA i SLAn g i, L
PR R I R 7 A — AR R L
BRI 2 NaCLR BE RS2 AR K, 7E44 = NaCl
W BE 25T R g s r R W Y R (R B A
B4R, 140, Awrantiochytrium sp. 18W-13a 7£ 25%—
50% (KA 51T, M ik SRR AE 0.9
g/ (171 mg/g DCW ), b e Hifi il iy~ i & it JLE
5, M 75% WEAKHEE SRR, M A Y
WEREAR L FRE, B R Aurantiochytrium
sp.TWZ-97 1£ (0-7.5) /L NaCl ¥ J& 35 [l P, I bk
A A K JCH B84k (10.4+0.26 ) /L, 24 NaCl ¥ &
H 2.5 o/L B M i e, O 125.2 me/L, SEAS
() 1.89 f% 5 4RI, MKEFRILP NaCl IR & F 7.5 ¢/L.
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Table 2 Squalene production of marine Thraustochytrids under optimal carbon source conditions

Ll AT FEIRT R KA ] EZ BT
Strains Condition The production of squalene Published date  Reference
Schizochytrium mangrovei FB1 20 ¢/LL Gk 0.162 mg/g DCW 2004 [45]
Aurantiochytrium sp. BR-MP4-A1 30 o/L % 0.72 mg/g DCW 2010 [29]
Aurantiochytrium sp. strain 18W-13a 20 g/L A 198 mg/g DCW 2011 [31]
Aurantiochytrium sp. strain 18W-13a 20 /L Hj %t 171 mg/g DCW 2012 [61]
Schizochytrium mangrovei PQ6 90 o/L % b 33.04 mg/g DCW 2014 [32]
Aurantiochytrium sp. T66 LA LR WAL B REA K =4 69.31 mg/g DCW (Bl R ) 88.47 2019 [35]

(%% 30 o/L M%) mg/g DCW (LEWIRBEARITFR )
Schizochytrium limacinum SR21 WA PRI T BRI ZAZ KA 16.34 mg/g DCW 2020 [36]

(& 60 /L HI4THE)
Aurantiochytrium sp. T66 B HBIROK A= (&R 30 /L, B 71.54 mg/g DCW 2020 [62]

9.89 ¢/L)
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i, W R R AR R RS TR LR
WFFEZRH] NaCl ¥ 0 Bl a1 ) AR 1 R AR
5 R RGBT . {5 NaCl 520 i85 il
AOPLER R R B, SOk o A i
33 At

TEARIEFR AT, BB BRI R IE R, £
TSR, X 0T BE T AR I 1 [ BEAE R WA
P AL AT O L, A R R A A U O
SEpIRA, O LA B S AL A AL 7 T P A2
MBI — R A (S) - MR 2,3- TR
ey, EIRE—AHEAEE T LR T R
e PE X T I R A IG MR F oe B O [k, AR s
IRAEAT AT T Sl — AN DL B, T
ANTEAE T E E A IR

N TP e 2D, BRI A v
IR R LA e e A T e I P B A S 2 . T
XA T, A ™ e ik B e e (E B 15 97 KA
WA BN, WEREAT R Aurantiochytrium sp. T66
14 £ S s T it MK 3% 24 h 119 0.05 o/L 34 96 h 1)
0.72 o/L, AkEERTFRF)E 120 h M &K N RFEE] 0.44
/L. NN 1\E T Schizochytrium mangrovei FB1 £557
3 d JEfEk ik B s e 0.16 mg/g DCW, 5dJ5
¥ A 0.04 mg/g DCW el Aurantiochytrium mangrovei
FB 3 1E & E H M A BT, A & 2 f ™ A

BRCERI (55 1K) IR50H 221 mg/L, HAH

2K (Pitata gl ) MR TR, MEEIREIEE 1 K3
55 K, MBS R R R T2 10 455
4450w Aurantiochytrium sp. BR-MP4-A1
A e i BRI TR BEAR G, B B R
S AE 36 h (0.567 mg/g DCW ) 53], [H 5
TR 5 E ARG RARE Schizochytrium mangrovei
PQ6 H A &I &tk ARG IR ISR 4 RFNHE 5 Kk
P RAE, 439k 12.56 /L il 60.97 mg/g DCW, iX
ol S T A S R AS R BT A A AR T 82,
3.4 P K

A e A= W) OB i P BOOR B 3, R AESE IR
/NG TR i B b, BT A SR i
TR T, HH 8RR G T 2R A AL
BRI ATE, DA S R RO A A RS IR A

A = iy, TR IE R Ak A P2 1 T 25 3T
PAERE

1l 9% 57 &l Schizochytrium mangrovei PQ6 43 3l 1
30 LA 150 L A=W S i dis h 5 32tk P S s, 3RS
IR 33 mg/g DCW, P43k )] 0.99 /L il
1.01 ¢/L. R AR BB R B, Aurantiochytrium
sp. TWZ-97 7£ 250 mL % Jii H #f) % 45 7= 12 O 140.4
mg/L, M7E 5 L RBERED AT RORSCIG I, ff e M
77 & o 188.6 me/L 7, Aurantiochytrium sp. T66 7
250 mL BE I P RE IR A, f K B 7 R R 69.31
mg/g DCW (0.72 /L ) {BFE 1 L AEW I Wi 5 =0
HAR AR % 88.47 mg/g DCW (1.0 /L) 17,

SR8 T ) SN o LN R 7B X
SRR TG 28 B 2s, RS2 2 A Tl
TS 1) £ 40 S5 4 v 855 9 A A RN 4 L 1 A IR S A
TERE 2SO, A R A TR T
PR IR AR M LA S B 2 o e (IR RERE . 0
BRI BRI BRI B o

4 HEXREKTENEE
N T AR i U P R B R R RO,
BROCALHIE TR IR SR ORAL, eI A & sz
HA SE R VE A A BT R 22— T,
HFTIR R (MeJA) J&— M AT R0 5 S8 I 15
A, ATRLRATE P RS A AR B A, ARG 3R
HEFE L B SRS A R & B 7 A K
FUTR TP RS 8 A 5 U AR Z TR, &
T Ao R i A R ) T R R AR A 0
BT R R R s B P
QRSB 7S 0.1 mmol/L ViR JE ) iR FR ik
AR Schizochytrium mangrovei 5373, A&
Jite 48 h AR, IKFIRAFRALN 16 5 . fE
Chlamydomonas reinhardtii 55 3% 13 F2 LA 1 mmol/L
SRFTIR PR & BL, RATER BRI 7 40 Ay AR 4G
IF HIMAGEFIR P 5 5 X BALAR L, fA i)™ it
BT 4 f%, [FA &L MEP 8 5 5 R G g s 3
AR bR 70 SERTIR F e A
M m A —ERER, JF B3RS T MRS iy
T, AR X S Al A A ) 52 e 3 i 2
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R HO A8 S5 o — T 255 44 1) ) 0 B S A Tl 410 7
R, A 2 Tl R T P T B L AR A O — 2 R
IF: T B 190 R s E AN R g LR 0L AR R
Chlamydomonas reinhardtii 33 F2 H T 50 mg/L 4§ Eb
205, M ik #) 18.7 nmol/mg DCW, 445
ZRIS R = B 150 mg/L B, AHMEWERIE, HEH AR
G 380 8 Js 1 [T Pt 150 P 8 s B Sl 1 A [
WA W) R A0 MA 35 T AT 1 O T 3 i
Phaeodactylum tricornutum, Thalassiosira pseudonana
F Chaetoceros muelleri "' il A 10 umol/L 43§ Fb 45 2%,
RMERRIEIR, (RS H e [ B 1Y
foNVEAE, Ul R B R B A S ANURR, I HLARFLE
ZRI5 AT LIAE LT B R 8 0 PR S AL i L A Y H
2810 mg/L 100 mg/LL 5 H A% 25k f o e i
B Aurantiochytrium mangrovei FB3 [¥)ffi % ¥ = A= B {5
MR, XML, s & iR 36%
1 40% 4 ]o Tk 2 a5 Schizochytrium mangrover PQ6
TEMAKRE AR TF R R B0 26 F R AR R i A I
i, AR R MR 100 mg/L, SR}
AL H N T 56.44% 0 R, RE A IR XA
P R A8 R S SRR DR R T e, O ELAH
KD ALEA A TR — P RAIRTT

L5 EPOR, UG AR 2B AT LA R
JEEARE 1 B A TR Y A R, (R R A Ab e A
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