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Abstract: To counteract the deleterious effects of high salinity on cell osmotic pressure,halotolerant or halophilic micro-
organisms, a particular class of organic compatible solutes ectoines ( abbreviated to Ects) was accumulated. Ects mainly
includes ectoine and its hydroxylated derivative 5-hydroxyectoine(5-HE) . Ects not only can balance the intracellular os-
motic pressure,but also provide anti-reverse assistance for proteins, nucleic acids, cell membrane and even whole cells
under the extreme conditions of high temperature, cold , drought, high pH value , high pressure or high salt. In this review,
the importance of current and potential applications of ectoines as protecting agents for macromolecules and cells , togeth-
er with their potential as therapeutic agents for certain diseases were summarized. In addition, its current prospects of bi-

ological medicine and health care application were also discussed.
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Fig. 1 Molecular structure of Ectoine and 5-HE
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N, /& H Ectoine 28 ectD 3 K % 5% 1) 72 3 1k i
(EctD) fEAE g 5 (B IR A BF9E & B, 2 A R Bl
Wi EctD B93& vEIS, N5 A D VR S-HE 5 A,
it,5-HE B9 4 T REA7 e bR i 4. AR
it 1R N SCHR i3, H AT Z 0 T Ectoine/S-HE
T RASEA: 7 AR 2 T Pk 2 AR TR TR - I TR Y
WFTEAE T H Eh B M 54 Bk ( Halomonadaceae ) , 5 DL 3k
B B JE ( Halomonas ) F1 €6 L ¥ 5 J& ( Chromo-
halobacter) 522 , H v Bt R 3 3 531] Sy SiE A< 3 20 i
Halomonas elongata DSM 2581 5 55 3k (6 3L 4T &
Chromohalobacter salexigens DSM 3043 (o)
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2R T A s IR AR k™
PR R BRERH SR 0
DA 55 2855 A0 W B2 2 45Ul , LT 7 i 1 T Ak
251 TR | SR P T S ) | g B IR
B RN 245 B AR W At i A5, IR AR Wl R AT
AR

1 5FKFERMA

1.1 XEsFHRESIGEFEER
B2 KM Ects X & A #FEA R MERE
VEFH, B EL A AH 56 i R i 50 1 F 2 7 i Rl it
Ectoine AJ{E R A4E4) TR B OR 471, 3 Tolk A= 7=
i, 40 R B I 3 mmol/L Ectoine (12 22 K 47
TR A2 1856 Bf , Ectoine X} 22 82 °C i ML £E )5 1
TE WS T B S it 0 2T 4 25 Wt 0 P 1 AR B R T
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"4 2 34. 3% ( Gairdner ) F1 28. 1% (1 3
S ARE T E MR PR . Ectoine £ 2N
(RRR 72V T35 32 R AR 4P ), AT LA oo 38 9 Aol vh
H i =R AR g 7 T A 0 1 L v B DT AR AL S
TR CERIY 72, 5 AR U N Ectoine 1 AH LL, THR £
FRERIL ARG 1 24.8% ", Ectoine 1T LA A4 Bl
1 PRI 3R T SORE 2 1 2 35 ) B G kA 1 i O 4
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T BRAK H-NS ZE [ ( protein H-NS, hns) A] {i¢ FF 25 & 1%
%% (leucine response protein, LRP) Y i, 1 AH &
VST Ectoine [ AT 45 B4 M ¥ 7K A AE A1, IR ] B
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IR B O A A BR TR RV L3R A (Haemolysin A,
HlyA) XoJ 4521 248 il 1) 5 SR 52 el , LA B 3 AP A4 e H ik
i SR/ A A B (GSH/GSSG) B H A< . Thamm 45
KH 5-HE + fit i i 1 40 #9 ( adipose-derived stem
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AN SR, SRR 45 R K, 5-HE FI3%58 ADSCs (197
PRI R MMP Z % i 571 -9 ( matrix metalloprotein 9,
MMP-9) i#5 S 1L & N J2 A4 4K K7~ ( vascular endothelial
growth factor, VEGF) By JE PR ¢35, LU A2 #4517
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TEIG RPRIA YT 7 T , Ectoine 7] N FH TR YT A
TERYREAR AR5 R A AH SC P , A0 ] 2 o 1 R
( Alzheimer’s disease, AD) | By 2 2 55 % ( Macha-
do-Joseph’s disease, MJD ) . 1] 4x 7 EX 95 ( Parkinson’s
disease,PD) 4%/, Jorge 45 PR A1 52 B B 52 o
R, Ectoine A AB BRAGIE 1L, ATT By 1 7 43 4
HEHIE I ISk, Ectoine 16 ] 41 ] F1 sl 2 N 2 41 g
e BE S M4 R W RE I . MUDL B ] 1 3Rk
JH) ataxin-3 W] 5| A2 5 G0 A DX I P22 4
1% N B2 114 ( neuronal intranuclear inclusions , NIIs) f1)
TR, S ph 2 4R A PR 1k . Ectoine A i i /b
290 L A oA G TR A 17 i AR 3 A A AR o 2 200 A s
T, RIVETE i ok A o vy g HC S 2 A, BELLE £
A A 2 240 M % 716 35, DA T A 280 e T B R 7> MJD
R . PD JEH T ITNRE R 2 B T, T3
2R LS 8% 5 /AR (lewy body ) 71178 J% B 5 1 e 22
GEIE I, Ectoine AT A FEAT 1Y o- 58 fili A% 2 1
(a-synuclein) {7 A4 | i 22 I Jie 75 328 Jo 6] (149 4% 58
FIEH , TR PD &L
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& e I 4 245 24 ) W T 7 20, B A S 3 B T R
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ST 1 W 1B 58 RE SR, T v % U ( Crohn’s dis-

ease) , I H oA Ects (19 11 RIS &M 85700 W] LA 15 1
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IR AN T S0 52 R 0, InAE Ak yT ik i v
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R AE Hh Jl kG 453 45 1 4] B R 9T o Ectoine 3 33 By 1k
TEHE AL PR T | AR A A 28 ok g a5 o AR /D B A AR
TR 55 I R JE 5 s D1 i . Weedeking 2527/ 5 1o
5% Ectoine Xt K L Y 48 i 7 ~F- 5 1L 248 B 7 I 4
264.7 EEAN LAY A 1R, % L Ectoine i i
K T B8 £ ¥# ( Lipopolysaccharides, LPS) | 4 Z (In-
terleukin, IL-1 IL-6) /988 ¥R 3E K F ( Tumor necrosis
factor o, TNF-a) #l1 35 48 & B ( Cyclooxygenase 2,
COX-2) Z AR PR 1~ I B R 338, T RAAR I b K 1)
RRAE S AR5
3.4 HfRWEEEI N A

Tat B2 A2 5922 5k fE 9% B ( Human immunode-
ficiency virus, HIV) (%) 5 ffil ik #2 rf () 81 2590 5 R
Z—o Ectoine AT 2 X AE I Tat fk5 07 T
B mRNA 5/ sl 0 45 G, B AT 35 300 A Sl
I A Ectoine JR AT ik 5 59 HeLa 41 il
BT 2 41 X C A S, S B 2 3R 7 1
e BRI S-HE A0 A sg g 7 2 AR DT 77
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JB/ S IEEER AL 7K S 7% T, DT 28 figk AR o7 T IR E
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T R, A R R R AR P | e B8 T HR T
PEALT S s BB L o M B A B RRAR
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TR ARG I 28 AR TR ), = B3R 0 Ry R
R gE R Eichel 25 5% ] Meta 4> #7 ( Meta-
analysis , 25 3£ 43 0T ) 19 75 15 7341 Ectoine S5 ¥
IR X e B 5 8 S P 45 8 S8 8 1) 2K e
W,k 7 d BIRYT, B B AR S IR B
B2, Hoh B RIS 31. 76% , 55 ZERE IR I8 29.
94% . FH] Ectoine {1 ¥ AT 48 GE A IR A Ik 42 2 2]
T—EMIRITER], B BRI RASTR YT &
) R Gl B 2 AR . B, TR et
ORI O A B A B 2T b, AN (A0 % 1)
MR AE 7% IR 7 ( Ectoine eye drops ) | idt S 5. 15 551
( Ectoine allergy nasal sprays) . K i i 75 ( dermato-
logical cremes) 2% AT L A5 R0 5 AN3A T b e
I R R A R o
4.2 RBEREMG AT

Ects X iz IO A i 2 09& 26, se g itk
Ui, HRE M GEIR AL . | T Ects 15
T K, RBUE S BT B 41 L P, D2 A 7 76 44
DAY B i T PR € 8 T -5 B oK R B, W mT R
TR SRy B, A R R AR B , (3 VR0 B ok i)+
I BLBA RAER A HA R AT v i Tk
HHT, Ects ©8) 2 IF M4 167 KRR 259

IR FERE R (A2 (L) Ectoine 57 5-HE i 54
SOy, AHIM A 4 AR B A3 S il A T R 45
FaTr R ize )
4.3 PHESHERPF=R

ANESPR R G S R RS YT S B ik
fbo 2S5 EAE Ectoine f LRI AR & I
200 L 1) 2, B35 1 2 TR 3 0 6 B R G R
AR J7 T, Ectoine A F H il =R, vT L3 LK %
2R AN RS, LR SRR Al s BT o Rl Ee-
toine 1A ] Yk /L [ 5% 4 2k HE S5 o4 Sk i 2 A, G 1 2 34
S8R T V2 2 K 48 B sl S BE 45 - H T, Ectoine 1528 —
R B A7), B 32 BEF T4kt fl 1 4n s g
ok ot T R DRV EL TR AR IR o Ets £E S —Fh
AR5, REAE B L 40K, i nT R Sk B 4
L fe g, Hor AU A 7= i i & R ANk &5, DA Ee-
toine \5-HE FIZ [fi 16 M5 0y £ 2 o, B BERE D &
SRS R A RE Bl E AR A, Ectoine HA
FIEAC CREE I AN, 76 BORE H 2 H) 5 I Ectoine
FNEE SRR IR A, REA I I B K B TR s 6K
FRGEK O, RRF R AR TR, ELRE I 1 1) 240 7T
A B K A 1% L Eets 8 32 B ) 6 & N A
e

& 1 Ectoine 5 5-HE pyThEE & M A5

Table 1  Functions and applications of Ectoine and 5-HE
Ay Tk B i FH 25 S 3k
Compound Type of functions and applications Ref.
77K i Application of Molecular level
X AT E S 5 TG 1 /E ] Stabilizing and enhancing the activity of enzyme molecules
Ectoine 2 NG T B AE T R CBR-& HH AU AE F Increasing the activity of lipase in ethyl oleate by enzyme 13
Ectoine A T it Y AR A P Thermostability of phytase 14
5-HE Xt 8 A SR A8 A3 457 Protection of oxidative protein damage ( LDH) 15
X DNA f{)5200 Effects on the stability of DNA structure
Ectoine A B EAR DNA ) f#5E IR E Effective lowering of DNA melting temperature 14
5-HE PCR 1557 PCR enhancer 16
Ectoi PLESEE SR T H-NS 28 (9 Hil LRP {54 52 #4 Stabilization of the complex LRP and H-NS in transcription 14
clome regulation
Xt TS B2 Effects on the correct folding of protein
5-HE R R Atk a7 A 40 i B3 MR B A A9 363K The expression of cytotoxic protein in the process of freezing and tha- 14
e wing
Ectoine Fa € K4 [ Stabilize membrane proteins against unfolding 19
Ects i B 4t 1% Inhibition of protein folding 19
2 a7k SF- 197 Fi Application of cellular level
Ects PRAFAN 25 R A Fa 2 Maintain the stability of cell structure 20
Ectoine BHIEE M2 A XTLLA AR Protection of erythrocytes from HlyA 21
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Ay Htie Son FHZE R EZ PN
Compound Type of functions and applications Ref.
5-HE RNA a2 7 RNA stabilising effect 22
IIf5 & 8 Clinical application
TEMIFENRZAE Disease as amyloid disease
Ectoine FA[JR BRI Alzheimer's disease , By 4y 22435 550 Machado-Joseph's disease, 23
A4 7% [GJ% Parkinson’s disease
JEGL PR Inflammatory disease
Ects fifi e Pulmonary infection , 5% % EUR Crohn’s disease , JHALIE R 4E Digest disease and so on 24,25,26
Ectoine NG FEAR 5T AT Adjuvant therapy of small intestinal transplantation 27
Ectione AIDS W4 BhIAYY Adjuvant treatment of AIDS 14
H: W 2550 JF /& Biological pharmaceutical development
T BB P25 257 Protective agent for dry and allergic diseases
Ectoi TR Ectoine eye drop products 3 1 £ Wi5 ( Ectoine allergy nasal sprays) . B i Il 75 ( dermatological 3032
clome crémes ) ’
Ects S %A% 2 Umguentum acid (including Ectoine and 5-HE) 33
{47757 77 i Protection products
Ectoine Akl i Cream , for instance, [J5 i 75 Sunblock , Tj 5 mask 14
Ects 4P % 7= 5 Hair conditioner 34
Ectoine & £ 57] Edible preservative agent 35

5 RE

HAT, Ects M0 AW B 2R RSB 2 —,
CL BN FH B4R A ) T AR S B2 2 40U, 1 K 3] 22 Fif
AR A B4 DR 1 P A % i PR s FRO 4l B
TRIT o e A Ectoine (DR 350 B A7 A7 5 TAE 4
R G e PRI A TR A e, HLRE Tl A A
PRI SR A R A AL 7 o ER TR
1, Ectoine 28 ectD K& PH 4 % (32 S AL EctD {1k
A S-HE B9 A9 5 & AR B+ 20T I, (E 2 e S
JREAR L R R | T A (O A A B 1 A ™ 4 il
SFJ7 I, 1 T R ARG Bl X Ects FITRABESE,
HEE BRI DI A TR R i 1 e T AR AR )™ O BoAR T B A i
e, BN IR A8 & K 78 Tk By
JSL 5 T, P A AT T80 SRR 46 J 2 7™ T ]
AR B o 7 SR A M T B s 1R R 4P IR R A e
B RBIRIGTT 7, AL TR T i Ects 7138 K 40l
T RACI P 1 FALIR K SR I 58 I A2 45 ol
B RS TR TT 245 ) R AE 0 DR ke 7= iy, DA T 51835
TEIT B2 IS B 4 A2 MRS, A RO Ik 22 Bz
JREEE, Bl fEAEYEG TR EYEE 2 SRR
AL i el RIS 5507 1T, Ects K HAT B )2
A FH RS
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