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T brGDGT WYl PR E 48 2 AR B i . BTy
B IR 4 2 S5 86 0 H b U 3 H 9 PO i (iGDGTs)
(R G bR TEXge B2 12 18 F T 2Bk g 7 P 4R i,
FET TEXge BB AN 545 3 25 32 3] =45 A8 A Fn H:
b 5 385 13 TG 5 A DR 25 i i e A i 22710, A A7 il
T A S 8 K W I 2006 FH TEX e 32 IR B 75
L, 7o, ANFEAAPUED R &R A E R
A REAEAE M 5S, A ST Y 46 B AR 05 LR UE 1 PR T
AT SR, BRSO RE 8 S IR P 4 AR Ak Ak ST
L7 A )

N 3-FFENE TR (3-hydroxy fatty acids, 3-OH-
FAs), WFRHN B-FRBENG IR, & 5 == [G B4 v 40
JE A (AT L EE ) L A g 22 M R 2l A i R
3-FR LR W IR B W) B IRAF N B R MR IE AR &
7z H N T N SO 3L 3l A BE 2 5T R Il R AR )
P a9 & A8 U, A AR W R T A (R R ER B
W10 A U B A G g2 3 g VA i
RN 3R MR A A i, AT LSS BN PR BT Al
PRAFE A v 240 TR P B 2R R 8 22 [ 90 1 4 1 A A R

2z 51 [16]

E it
A SCNEER 5 ATRAE . AR IR . FRRER

1 3-BEIHEEATHE

35575 A ) S BRI 3 e HL e AT A 745 28 o 4 1
e T T A0 B T — AT A 0 K T ) R B AR A
FenTE AR 3-FE IR T R B RO o
1 3-FF A8 i B o 35 A AR
1.1 3-Z A BB BR e LE M 5 4R A%,

Wl R 3-RILAS RIS 10
18 B 5L 0T 70 HE 35 3R B (0 55 =SB T 8 1
H—ARIEEE 1, K1), i R e EE S Ky
T4 G, WA Z AR, fetsih 58 i MR fE e
JERSE R T 3 FR IR R A AR TR A 2 G
PR, 7R &M RS s m At B
TR BR A P00 WAL A P | AR AT A V4 0 1 P R
RIS, Besh, 22 G B FLAT B L e A 7 R e
KR Co#l Cig Y 3-IENETR . bl 75 b B
T, a5 T v, AV AR $R Y 1 I R 2 G £ TR,
A5 P A, T B 1 B U R IR [, TG
BB AR . N T AR 3-52 3608 by e b o i 2 o 68
AR ER, ZWAEAFE, Hh Co 2 Cio 1Y 3-8 55
i 1 149 AT v T A AL R IE © e, 1 C,o B Cg U T
i

Tab. 1 List of 3-hydroxy fatty acids
= 3-FRELBR TR YL AR 512 ¥4 57 /Da
1 3-FRHEIER 3-hydroxydecanoic acid CioH200; 188.26
2 3-FRFEA— LR 3-hydroxyundecanoic acid C11Hp0; 202.29
3 3-BRE TR 3-hydroxydodecanoic acid C1,Hy,04 216.32
4 3-BRE SR 3-hydroxytridecanoic acid C3H,605 230.34
5 3-FR I PO 3-hydroxytetradecanoic acid C,4H,50; 24437
6 3 H R 3-hydroxypentadecanoic acid CsH3005 258.40
7 3-SR 3-hydroxyhexadecanoic acid C16H3,0; 272.42
8 3-RET LR 3-hydroxyheptadecanoic acid Ci7H3,0; 286.45
9 3-FR I\ BE R 3-hydroxyoctadecanoic acid C3H3605 300.48
Q QH Jig Wi R FL AT — SRRk i BA PR B, IR R AL R
M cL, S AR E PR A AR E M . TR — 2L R ) G AT
o cn” F) L 90%HY BEIRIR TR BCFA, T (2 LI

B 3R IR B 45 H 3 (n=6~14)
Fig. 1 Structure of 3-hydroxy fatty acids(n=6~14)

sS4 U5 2 (Branched-chain fatty acids, BCFA)
R B R LA A2 L (FEE )
FINE IR, e B9S2 B85 4, o H X0 F H B

FLA R 0 sl A o 07 8 B T 3 BCFA
Gy F Ry RV R BB T AR D R 43 1 e b B 42
RIBCER 2 BRI T B B 25 F FR N S 44 78 (is0), HP
AT T N I R A B R BE 3 AR T B
SERFR N A (anteiso) . AN[EIF AL BCFA 45
LK, FHIRIBR-EE KB 1) BCFA J2 S M U A A T
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SRR, R E S FER AN IR iso/anteiso-BCFA
{18 B A5 35 07 A0 78 B 5 U B 1) A8 Ak, PR A 1Y 2
RE TR A s 20,
1.2 3-ZRBEH BRI F 6h 4 A S AE

3R 7 TR AR PR rh sk A A H S R R
GERW], K HIFRJE WA F SR 1 39 A IR
R 3-FRIENE B RR AG & B 0.8~24.2 pg/g(T )7,
J0 RS- PG I JE T 2 1Y 45 AR 1 DU RE i PR
W, & 3-FEARINTRR WA 1.0~36.0 pg/g(T
UL IR RS P R B, 3R AR AR 2 i R
WORLZS A DL SR FENR IR I 100%, 24 TR
HER LR IR 60%. ARIE K-V S5 PYRHE AL
HH R I T VA L) (i 0 T S AR LD A5 3
B, JESER 3-FR AR TR o K R UE T A P Y
6%~91%, X 7 B 40 T 40 i R 5 9 28 i Ak & W B
VI T T T i A5 AT L Jo ) B A O 2 — o
T RIS R IR A 0, 3- R BERR I IR AR EEAE 30 m
RZK & A, TR R R K2
K [ B LA e e B 2 [ B PE B E BE RN 3- 32 B AR i
2o g, BRMHEMEE VRO YD 3-8 B8 7 R v fE
FER A TFREAP,

FRACIRAY 26 A T IAE A ALFE A Y Cyy, Cos, Cs,
Cig, Ci17 FIR A Cy3, Cys, Ci7 3-FREERRNIR, HLL
A C g 3-FRIEAR MR Ry 2 RRIES) ke [ 9L A i
—H 2.5 m AL n-Cio. n-Ciay n-Cy4. n-Cys Fll
n-Cis 3-FR LR MR I & B 5 & B0, it A i o i
TR BUKHFE S 3-52 R D IR 1Y 43 A1 R AE L
n-Cip Ml n-Cig N E, X2 E Ui R PEFR T 3-
NG 07 R o3 A (AR E P 2 BLAY, $H SR e WL 2
5 AT 1Y 39 > SRR A MR I E A W] RN
F, HPIJELl n-Ciy. Cis M Cis NI FHE B 3-FHA
WFIRET . A6 ATV I T 2008 (R IZ TR T 3-
FE NG TR 2 i F LA FEA AN Cray Cra B Co6 IEHY
6] R Y AT HU C s RS ) =100 HL B oA R 3R,
MR Z IR BA B Z 1 e 3-8 071,
T NS AR 2 W IER R A = o i 3-FR R
iR (C15s—Cig)o B3 I, TCiI R A R RZ
DURINO n-C oy BB 3-FEFENG T AR 2L R R 90
— Bk, 3-FRFEARNIR EEWNIE RYEE T Cia.
Cia B Cis Z—o HUMAFIMIE, g + 154
vt 28 3 Y A A B A5 3 o P R 2 5 0 10 R S IR DT TR
REAS B AN AN B, FRAG T FEWeRk g Cis 1Y 3-2 AR

iR, X SRR 3-FE 508 MR o3 A 5 AN ],
X W TR AL AN RETT W e 5d, A1 ot 38 4ok 7k i B 45
B Cramk Ce S BFR PP,
1.3 3-Z2RBHBRAOREN KRR

X T M BB AT R bn il &, 4l R 1A
[Fi] >F 5% AT RE TR VA B o L s e ) PR A R, F N 4
AE bR Y HERR I AR & R IR AR 2, BT
TR W 2R I 0 1 AR W b A5 0 AN G DR T R BB A I
e EL T A 4 R 5 b BR AL 2 S5 R I A AR DY, R
B RFAZEBA VTR 3-F2 IR0 W7 R A 9 R R Y
FEAR Y .

TN [ PRI S A s e 2 2 [ ST 1 7T B LR A
ML Ry (B 3-FR AR ITR), HRTATFsT 4541
BEA S RGN AL, 2890, PR/
8. WK RA AR A S RS, 3-F AR
FRI A=y BTG MR Pseudomonas®™,
W 50 S A b R P VI 2 0 G (R 2 O R R
BT WA DU R e OR R 3-8 i 7 1R
AW sy A, e PEDTR T 3-8 B s I I 1 A
HATREIE a- M p-BIE TR, T HIE AT BRI a-\ -\ y-.
S-7B I TR R AT TR TR G K U . SR TR b T 7K Fe] 1
WRIZVUBY) R4S n-C16: 0 3-OH-FA /i g i
ZHERRNT R 16.9%, ZIKBELEE M TR 4 4
Gammaproteobacterium R g AR, BERH »-A8
TR IZIAG 5 T OO 3-F2 i 17 1R 1) ok
TRPY B RGN TR A FCR MR TR 3-F6 0
JIE 107 TR AE T8 o K A b — B o0 A % R (R 2 8 2R,
HLRE R BT B )i B rh 3- 32 LR IR 9 AW &
G Y5 T BRI . A A TR IS TR A R — S R AR
BIRIMEEY, BRI, 7E 2°S B RE K HER AE
2] 8 8V f AT LA v 33 i IR I T R A R AR
AN e LN

AR TUAE i P B8 7 AR R R4 3 1Y 3-54
FERBTIR - XFINTE R R UE S R AVBFSEAR T, KIBAT A
SR 35T IUEERR, H R w AN 3-5%
FRg iR A TC R M, A R B 3-8 5+ DU b
Pl USR358 i 7 1 B mT I a2 2 A AR i 18 T )
AWEFEAR I, A 10,12 3% 14 RIE T 3-5 3505 i
2 F 2ok AN B MR Pseudomonas™, i
EWH R MR EE T RFENERYZ C, 5L
Cie 3-FRIENR MR, TR BR 1% 3% 9286 % FA Deltaproteo-
bacterium Hi¥T 5 J& Geobacter species "Lk 3-OH-14:
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0 il 3-OH-16: 0 Jy EZFRZYT. 5 — bk
W & B i-C15: 0 3-OH-FA 1§ i-C17: 0 3-OH-FA 4
MR INE & Desulfovibrio 40 MIIRWEHE I 22 0 %
EEAYRIEARIERD, SRRV BBV ERS AL
HOEIE T AL IR KB, C12: 0 3-F2EER TR
S R P & Pseudomonas fluorescens ¥
FEMRI E B[R R Y, REKEER Synechococcus bacillaris
Y 3-14: 0 1 3-16: 0 3-SR & SRR Y 10%,
SCHE (SRR S 4)3-15: 0 F1 3-17: 0 3-F2 SEAR MR
b BB WTRR Y 5%; HREHIE Trichodesmium sp. 11X
AL BB (2R 1%)C12: 0 352 FE AR IR A1 C14: 0
3-FRIENG TR T 2= [P PR 2 AT R Bacillus
subtilis W JL-F-AAETE RS NG R

HATCT 3-52 R 5 7 R A 7 5 BB 1 A 38
— 5, AT A Y5 SO IR AT RE LR IE TE

FEEANER 1A 3. B 098 09 40 B A 5 2L 2 R 5
H 3R ELRR R 5 R A W RE R I A A A, Bk
HOE T RS R LS, AU E N AR IR R A 11
EHE, S5 HIFRATEE, 53 SR 2 Uy, HARSE )
g
1.4 3-F 508 B BR 69 48 ) A7

3-SR 17 IR 0 WA B R R R AL BRI -
-V 45 - W TR Ak - 2 T -7 2R AL S 20 B, AR kA
SE ISR, ANbR B ST AR e 2R . 352 LR i R 4
i F Mg Ak R R o Ak IS A9 I T TR Y TR 18 R AIE 5 T 04
HJ 175 m/z (F 2), R 3 ASFIES 4 4S8R 2 8] 1Y
ST L, S 3-FR LR R DX ) L b A U 1R
T fe B R o BRI SN S BT RS 1A
H (15 Da). WA N DL-3-323 1 PUke iR, HARMAE
BT m/z 178, WA T A 3 AR T

(M-15)

343
A
175
175
CH,
73 o :
b 89 S
= CH,
= H,C N
159
o= 133 .
U { 103 - J”é \‘ 5299 » 327
188
B T W LGS B ol O
60 100 140 180 220 260 300 340

Bl 2 Cig 3-FRHENR MR AT A= Ak FY MR A 35 1 )
Fig. 2 Mass spectrum of the C;4 3-OH-FA TMSi ester

Blyth ZFUO R AR Y, R A 1k T 2 i A v 3k
TG R A 3-F2 FE IR W R I 8% o 7 L LAl |, Wang
SFUIHRAL T AT FFR AR R 7 3-FR R IV 1R 1) R f
2%, I AR TRN A HCT ¥R BE | i B A in At ],
BN EAR IR 2140 3 mol/L (I3LFR . 130 “CAnHi
A3 h BBl R S g A/ HERERL . 10 ¢
VDR D 2 68 R BE S ORI 43 BT A . Yang
SR T R R N R AL B RN BT B 3 345
SE NG 17 8 A7 A ORIV B () 5 i, A5+ TR 5 2 B
RO S T RS, R T 3R
1) 2 B0 1 AR S 3 o Wk e B 5 Koy AR AS A, T
i FHEAR M 1 2o A T

Hap, AR %% 56 (gas chromatographic-
mass spectrometry, GC-MS)J& 5 % FH A9 4l 7 3-F2 58
U A I Jy > 10> 13- 2730 31 gl g GC-MS i &1 WL
Bl 2 FnE 3, Bl AT R T AL AR I s, an,
SR T - DU ZAT BT B 5 SR £ - R I B
IS FH AH 45 & (quadrupole GC-MS and ion trap GC-
MS/MS)! A €833 - B B ST 33 B P (liquid. chroma-

tography coupled to tandem mass spectrometry: LC-
MS/MS)!'O2E - Tarsson 25 ER T GC-BT-BF MC

(GC-MS/MS)HHUE G DU AT GC-MS K 5 = hE i
3R IR FR A BE S, KB GC-MS/MS fEE 1S
AR EY T B T a0, HARAE T GC-MS 1Y
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KR, It GC-MS/MS 15— b 2Eh5 & 943
HAREA T AR AT . WA O e T YT
GC-MS Hl GC-MS/MS il 5 P [ 242 A g SR 44V % B,
GC-MS/MS i 5 1 F3 3 4 P 1 FL 18 405 2 ULV T ] 9%
(R EE, 11 GC-MS K451 B3 i T4 = i 15 5ol
FIR A B 8 A 16 A 4 mi e AR 12, Rk GC-MS/
MS 5T GC-MS. #Ixf HAjH A 3-8 5 i
GC-MS/MS 43 # J5 ik Jo ik S 8 5 K w3 S i ik 2-
BRI RR A, AR B Ay 2-5 35
o7 R T s sk — ), e A OV o e
BSOS H S T S E A OGRS
RE&W, 3EF GC-MS 1 3-F72FK 08 I Bz A )

HRLIR
EVIEWS

Chr

T3 WEATY SR AT A i 1 25 B B Y 16 Ak A AT A AL AR i
%71, HATA A2 B I 2 0 B4 5 ) E i 25
FB ) U AR, RO €0, - R B RS I (liquid
chromatography-tandem mass spectrometry, LC-MS/
MS) LA i RS Mo e RR AR 3R 0 T T 3- 325
Ui R i A . Uhlig 458 U°VRI I i 4> #F LC-MS/MS
(ultraperformance LC-MS/MS, UPLC- MS/MS)I1) /5 =
K2 FREE rh 11 Fh 3-2FERR IR o AAT BT A A 5
S R O U O T U R L
UPLC-MS/MS 57 1 4= e A0 531 3-8 hk i 1D 12
LIRS A A 252 SERR D R (4 T )y AT, R
TERBB T

Cl4 Cl4
Cl4 . o
[ ]
C15
cr2 |C ¢y c12 w
1 T 1 1 C16
C13 Cl3n
cro C2 o3 |~ . C10 ., T c17 C18 cio T CI8
Cl1® = n Cl7c18 =~ % e Cll -
R N o gea| o || | " 'ﬂl ~ 7 I, o7 1o *
SONECHIN X =711 Ll A® =, me || AV ' W WA
(a) FIE (16°N) (b) #EifF (37°N) (c) FA&fF (61°N)
a2 Cl2 Cl4
[ ] [ ]
\ C16
Cl4 | °
[}
e Cls | cis
<t r GO “ Cls | c17 °
N, c17 clo s | s \
11 ! - J
o eul moas lon . ML
&= * [ ] s | fme | u‘ L e ,',‘,,,;3 .. _
(d) ALRFFERIZDIR) (e) 145

® |'#43-OH FAs ¥ 5F#:J3-OH FAs

B X 5H43-OH FAs

* AMfiFI3-OH FAs

K3 R, B A JUKTPERIZTUR A+ rh 3-FESERRINT AR A U 10 1% Pl CRPAE B T I m/z 175) A il oy A U0
Fig. 3 Extracted ion chromatogram (m/z 175) showing sample distributions of 3-OH-FAs in marine surface sediments from
South China Sea, Yellow Sea, Bering Sea, North Pacific Ocean and in soils

2 -RERMBRSFHELMEXF
2.1 3-ZAPEHBIETIREEA

P T 1 IV TR 14 S 5 0 396 Jon 40 i EE 1% 37 3 4 )
BB, g ol DUE i A AR L 3- R
U7 R 25 AN [ G IS Aty PP 2 S e 00 i oy 3R B8 AR AR 1)

3-FRBELNR IR AR R B pH ARk F B E i
H Sl e (A R SR 3-FR LR IR =2 MI/IE M 3-
FEILNR R Z F1)5 pH 9 I 35 1E A0 5C 5¢ R R IR 45
TR pH(F 2). 7E pH BARK 51T S 8E LA R
LT Ak 258 B IX — N RS HLE, B, A0E ek

102

HA 5 /A S 14 ) 2 9 BT 63 A 200 i S %) 3 3 12
5 125 14 B0 A4 200 M 58 P9 MR ) 08 1 e I 22,
FURY I 1 235 40 0 P9 o 30 PR pHL LN 1
HAMEE FREM E DNA #isf . EARA S
o 00 O 1 o 0 T 20 A 00 S 1 R 2 1Y
FEAE RN YESE, T8 G 82 Wi IR L 77 75 T 20 10 B A% 0 R
b AR R T KT, X AR A RE R LR E Ok
2P0 RN T TR R T A S e
0 IS MR pH PREE I SR s — T T 2R
N - 0 N A N ) e R BE, — T T A 3-
FEHENR TR Y SCHE L, A5 20 IR A e A T I U
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JESL, AL AR T A B B R R, B AR TR
gm0 IR B 5 M R A T A 48 KT

®2 ET3-BEBEBBROMERAERREKED

REARBE R G, AT B S5l A A A s PR P 2% A
e

Tab.2 Environmental proxies based on 3-OH-FAs and their advantages

EEELAN E X

5 pH R F L

Yk b=(I+4)/N

W45 HE=0.06xexp(0.28xpH) (R*=0.76, P<0.001) AZIRFE . WK al i B 2

RIAN=-lg GZ4£1L) pH=11.10-10.00xRIAN (R*=0.70, P<0.001) 5 pH &PEAHE
pH SCHEAR B =(I+A)/(I+A+N) pH=0.60+20.00x 37 4EFE 50 (R>=0.70, P<0.001)  %X{EFy 0~1

RIN=//N pH=2.63+12.50xRIN (R*=0.67, P<0.001) ToF I E S 54 el R )
R RAN,s=anteiso-Cs/normal-C5s 3-OH-FA MAAT=23.03-3.03XRAN; (R2:0.51, P<0.001) 32T pH

RAN ;=anteiso-Cy7/normal-C 7 3-OH-FA  MAAT=26.36-9.09xRAN,; (R*=0.48, P<0.001) 37T pH

TE: Hoh, Nnormal-)MER B IEM 3-FEIENR TR B FN, I(iso-)fRERFTA S48 3- 52 I MR TR AN, A(anteiso-) R AT R w44 3-8 ZENR Wi R Y

fl. MAAT LKA TR(C)

3- R HE N 07 R 15 7 B 58 PR 1748 e B S
S Cos Bl Cy [ 2 W B 574/ T A5 22 HL(RAN 5
RAN 7)5 45 8 1) 1 35 67 RH 5 OC & B T8 PR3 v 9 1R
JEGR 2). 3-FRIENRNITR Cis il Cyy A RY I A4/
TE i 22 5 5 AU 1 3, 0 0 9 40 7
W Z R R Y. R 3-5R R TR B AT
AR YA = Ve BT, BB RS TE IR A5 1 447k
W A0 M RS, R I T B o S5
F R 197 T2 B A LG A AR IR 7 PR B AR i e i, T VA
R R AT S A AR D R A iR B AR, 4
WA T 4EFr A RS das sl M L DR TR Y 2R ERA S,
T LN S 3- 53R TR (RAN 880, =5
TEAE 3-FR AR TR 22 o oK B8 2R U i [R]AF: 1 ol 1 e
fiE, 3X 2 S 4 R S A i DT R AN () 1 ) A 2 P
IR 3 SR o S SR B T S T B Y R 4
3 AMBRIELT b, S A P 03 B 1 A A O
55 2 AR b, PR 2 7 S R I s LA A
bl 5 0 X I T 5 5 S92 e RS ) 6
RE IR U5 20, e Ab, B S5 g U W EL A A B T A
6 7 LS5 e 0 B (IR T A, RE S 43
R B HED B N 7 Ik S, 4 i 0 M RS O B e
2.2 3-BARHERREE FRBEHGHE

AH PG AE W bs s 4, 3-F2 AR T PR TE 48 /R BRBE
PSR A T A R AR 2)

FGHT 3-REARNR R pH TSR A Z IR
BE S WK RN RER S, ST A BRI
FfEdR. Hot RIAN #0057 15 pH MIRMECR, FiEH]
T, BEAR THHIMERE; SCHER O 0~1 254k, 3R HAb

pH FEFRAHA ISy RIN F5AR5 K IEF FL T H ]
RY), AT — IR BT b i D R A ) &
Y, BEAR T ERE R A . AR IR T 350
JE RS HoA A AR b e B pH B A0 P ol 2,
ICNA RS . 8B, B/Ca. brGDGTs 254545, 3-
FREENG TR I RSB A R A ZIR B . SRR R Y
SR, SRR SR — BT (4 A A 7 L B AN
T BT L2 MR RN 22 # BB A 2 o

3-% N 107 TR A SR Y 3k 25 PRI v 1 I 3 s ST
F pH, 7 pH RIZUARLEE Al REfEE 2 MR it
MR B R AFAE SR R AR AD) . ARSE LA T 3T 3-
FILIR MR Y RAN;; 53T GDGT A9 I 48 b
TEXg!"", LB RG2S C)RHH X IR RAN; 5
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Abstract: The bacteria-derived 3-hydroxy fatty acid (C;o—C;g) has a good application prospect as a biomarker of
environmental changes, but the related research is still not systematic, and its application in the marine environment
has just started. 3-hydroxy fatty acid is mainly used for the reconstruction of the pH and temperature in the envi-
ronment, through the significant postitive correlation between its branching ratios ( the ratios of the sum of iso and
anteiso to the total normal 3-hydroxy fatty acids ) and pH to inverse the pH in the environment, through the sig-
nificant negative correlations between the average annual atmospheric temperature and the ratios of the anteiso to
normal 3-hydroxy fatty acids of the Cis or C;; homologues (RAN;s and RAN;,) to inverse the temperature in the
environment. 3-hydroxyl fatty acids have significant advantages over environmental proxies based on glycerol
dialkyl glycerol tetraethers (GDGT) or other biomarkers. However, the environmental proxies based on 3-hydroxy
fatty acids in terrestrial ecosystems are not applicable to the marine environment. A new marine temperature index
(RAN3) based on 3-hydroxy fatty acids has been proposed in the latest research. However, the successful applica-
tion of 3-hydroxy fatty acids as a proxy of pH in the marine environment has not been reported to the best of our
knowledge. According to strain culture experiments or coupling of 3-hydroxy fatty acids and specific bacterial
communities, the bacterial 3-hydroxy fatty acids presumably originated from bacteria such as Proteobacteria and
Cyanobacteria. The analysis shows that more data and evidence are needed to support 3-hydroxy fatty acids as ef-
fective proxies of global environmental change, and further research can be carried out from the aspects of marine

applicability, new indicator system and microbial sources of 3-hydroxy fatty acids in the future.
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