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Abstract

Glyceryl dialkyl glycerol tetraether lipids (GDGTs) are important components of archaea and bac-
terial cell membranes. Their molecular composition adapts to changes in environmental tempera-
ture, pH, and other factors, thus becoming important biomarkers for paleoenvironment reconstruc-
tion. The TEX86 index based on isoprene-like GDGTs (isoGDGTs) has been widely used in the recon-
struction of seawater and lake surface temperatures; the cyclization index (CBT) and methylation

XEF|FH: RIS, GDGTs 75 IR 53 5 & i SR R R = ). SRR AR A9, 2026, 16(7): 1327-1333.
DOI: 10.12677/aep.2026.167133


https://www.hanspub.org/journal/aep
https://doi.org/10.12677/aep.2026.167133
https://doi.org/10.12677/aep.2026.167133
https://www.hanspub.org/

index (MBT) based on branched GDGTs (brGDGTSs) can effectively reflect changes in environmental
pH and atmospheric temperature; and the hydroxylated GDGTs (OH-GDGTSs) developed in recent
years have shown unique advantages in the reconstruction of low-temperature environments and
bottom water temperatures. The terrestrial input index (BIT) can be used to distinguish between
marine and terrestrial contributions of GDGTs. Currently, research based on paleotemperature and
paleohydrology (GDGTs) has been widely conducted in global marine, lake, and soil environments,
and GDGTs have become important tools for paleotemperature, paleohydrological, and paleoenvi-
ronmental reconstruction. This paper systematically reviews the chemical structure, biological
origin, main environmental indicators, and climate indicative significance of GDGTs, summarizes
the advantages and limitations of different indicators in practical applications, and provides an out-
look on future research directions.
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1. 51§

Hoh e B H I DU B AR 2R (GDGTs) KI8T L P A o 18, 7E FARIR S R ar A iz, IR UL
FREAA T IRE GDGTs M BFHUEE Z) . FI TR bR S8 M58 Rt e R S . I Ak, BEE RHEHA
(AW &, GDGTs 175 Bk kRl my, @ Febs LIRS FE b2 E7t. GDGTs ST iRl RTE
e v WL ER B8 AN TR 7 A R4 IS 0 2EL Rl oy, AR BEE R AL Rk R I GDGTs 5] 2 IR IR
YIPAE4E . GDGTs e (70 B T35 52 k5 TEX86 TebrE rilgRiRE[1]. % GDGTs L FENT
FHIRERE, GDGTs i FER EIMIA T . 25 0 I (isoGDGTs) ) 45 14 HH 199 2% B B 2EL R DY A ke, %k
HE ARG AT [2], HoRIET ZF05 5. 1soGDGTs & Z R &4, H WHINKIREH 0~3 A
R IRLERT isoGDGT-0. isoGDGT-1. isoGDGT-2. isoGDGT-3, LAKA 4 DNIRREEAT 1 ANER O 0 R
fi (Crenarchaeol, cren) A 55 #4 {4 (Crenarchaeol', cren'), #¥ NN cren & & i B AR EHLED .
BrGDGTs (14 T4 Mfa e B & Wi sk 28 ANk R FAEM e e, Wik @ s ss, TB— A A 1%
BT, B FAFAE 4~6 NHEA 0~2 N FITH, H A HAY RIS A GekE i 150 [2]. OH-GDGTs A%
F isoGDGTs #4ME T — MR A FERELL Sy, K4 OH-GDGTs Frifs s 38 S bi (365 P ) 4,
OH-GDGTs 1] 73 N — AN 34 4 ) OH-GDGT-0 (0 4>). OH-GDGT-1 (1 M)A OH-GDGT-2 (2 ),
e AN R 43 ) 20H-GDGT-0 [3]. GDGTs HF AT 7T & i 7E T 08 GDGTs 434 5 353 K 122 [A]
KRR, W, KEE. pHy /KR EEE. HhEAEEM GDGTs 2 MM FE F[3]. GDGTs k545
P SARYE PR B IR B A pH S5 3R BE [N 7 R AR 22, DUHCORIE IR AR AL . 6T L HE iR sE 2, WV E R A
AN T BB T H . A FEEET 5 55 GDGTs ] TEXgs» CBT. MBT. BIT 2535 bR (457~ 75 .
5T GDGTs MIfbriIB it TARERBRVEH RHIRZE, RZ MR FIH TEXse TEbRE LR TR 5 H
RECNWHE . GDGTs ST AR & i P55 40 B 1 & B A P28 i 02, AH B BT FE kAT, 18
W, TRV LR AR (4], K GDGTs fEMSEE # TAE AR 1 B e br. & 30R
FHEHE(HPLC)- SR MS)H AR, 8t kil GDGTs B~ A SR BR {0 22 B ZEVE B8 /), XF GDGTs (135
BEp= A 4R~ T AR[S]. 2T GDGTs M KEAE, HHEWMR RSN, Flat
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BEA LI OMFIAN, KR E LS L33 pH EAF 52 <R BE[6]. A OH-GDGTs H i K E(SST)
(AR ST ABAEAN T R R v, TE & I (R B0E S8 F EE 2 SST M4 B T isoGDGTs B MR, i
ELAEAR K i E] B 0 R SR AR I o GDGTs BB ARILE BRR AR 22 1 FH T oy U0 . g e 2 R 3
i 7]
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Figure 1. Molecular structures of glycerol dialkyl glycerol tetracthers [4]
1. GDGTs £5#[&[4]

2. GDGTs
2.1. isoGDGTs

I I B A RIETT U AN R g O T 7 A, ERAE SR R I Fe R IAE WA A e b A
I o 70 I8 A2 v R A IR PR AL R0 40, A DR A A 4 o 8% IS 7 % 00 6 I (Coore Lipids), GDGTs 3k
Ht(Head Groups) W . CUMESEZH il — AN 5C BE A 1 25 i (Intact PolarLipids), k&R e AL, R4/
Tl 27K, DR IR IAEX RS E , DR B AE MR 45 & RIS %O IR SR IRAFE VTR
RET IR AR AL TUEYE . Dl BRSBTS AT B RO IR A S S5 R, GDGTs (e e
W6 I T R L, R T R R 2 B FE[7] (8] DARESK LR UE A A LEAS [RIREE R AR
PG PE . TEX86 faAril & 4= 11X AN 3 3 1 ¢ TV E R =R AR . TEX86 iz H 2IIrdssE,
{H2 T A A AR A 22 5, IR A — . I IERE PR o R E A T R R A B —
IR AR M GDGTs VUK AGY), (HRMI 2 [RAFAE 22 57 (9] ARG RS B & R DUk ik
eV EESH 0 B 3 4 5 B3FH) GDGTs0. GDGTsl. GDGTs2. GDGTs3 (45X MWAEE 1), R HEE
crenarchaeol (GD GT4; BRT &H 4 5 MM ZAMEEH 14 6 Hi3) IR E BB crenarchaeol H 815
Ffas o P AR R R R I BN PR BRI B, PH AR R 3 AR S R [10]. JE T b | TEX86 $8 bR, 1E
HENREE N Z[11].
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2.2. brGDGTs

SCHE GDGTs /& GDGTs BRI A4 — A2, BRI TRRIR M, SR RIEAFE T IR
W, HR G IR R I AR . JE SR T R IR A Hh 1 S T R SR T et MR RS T
YE GDGTs 1 A7 FLa] DAAE Sy flir & Bl Y53 N\ 48 A5 - SC8E GDGTs 78— @ 25 _EARR TREEE 511 [12].
4% GD GTs.

TESEH EANSE ST I ) GDGTs ANEl, EATRIRE A 2 A 7 a1, 12 H A 50 H AN S
SCHE, WEEREEAE 2 B 6 NI, PRSI ECE (0~2 AY), T HEA O ILIE 1), FET
KM GDGTs 208 1 7 Fh, S — DN REBERAEH LN, H08HE 4. 5. 6 MHEE[13]. FEAK
KREHDWREE, BREHD IR 4 DR 3 A, =D REEG PR GE FEEH 0508 2 A
H 3 AN X SZ8E GD GTs A2 0 T ARZEMI UL, SCBE GDGTs M5 M5 GDGTs AF1E R — AR L
5T 38 GDGTs Hfabn A L iE% CBT. HIELI8% MBT [14].

2.3. OH-GDGTs

OH-GDGTs (hydroxylated isoprenoid glycerol dialkyl glycerol tetraethers) ¥ 384k, H il — i J I ik g 28 2
VAR R R B ) — S R A W bn 647, FLAE AN ol M PR 5% rp ay LA S IR BE T8 0, 88 LY isoGDGTs
PkedeEE B2 T —AEE 2 E R BT, RIERENSEMAE, OH-GDGTs mi#—3 74 OH-
GDGT-0. OH-GDGT-1. OH-GDGT-2 2R [FEML A4 OH-GDGTs (1) 35 B A Wk i 2 75 o 1 | VA& S8 AL
B, X RE Y A BRI PRI K AR B T2 0 A . 5% L isoGDGTs 251k, OH-GDGTs HAT & 11k
FhEtk, RRWIETAY P KIIRAESE G, BB Fd 22 ) B AR Sk . BRI S, BE
FHARRT S, HEGUA T A RS A E 2 EEA ) OH-GDGTs, LA4ERF4I I i sl ffa e k. X —
P75 OH-GDGTSs [15> F RS A KM B 2 M@ e e B0 R, M, & 2 NN OH-
GDGT-2 HIMIX e, BIEHAL, IR OH-GDGT-0 &tbili k. RI-OH & HaijN &)1 OH-
GDGTs 8 bR, 1%FEbrdE T OH-GDGTs MIFMEAR BRI Sebe i) 5 5 2 1M B IEAH DG R R, HUE b
BT K. %OH-GDGTs 78 OH-GDGTs /i OH-GDGTs 5% M isoGDGTs M AL, iZ48hx
BN AT DL iy R AV S5 AR Ak, AT TR SRR S T AR AR K R BE A O% . OH-GDGTs F A —28 2L
TR AR T, RS FEET YN REKEICRAE ). AR AL S, CRN
64 GDGTs MW IIE BN ITER, MIEFE I 2 R R 7 OO AR T 58 o i 5 T 1 v
e

3. GDGTs ¥EkR

GDGTs HA B GAAAR B 5 2 r a5 0 1R, JE T e BRI FUar ok 17 VR 2 vl fett, REMS4k
B s R R K B AL, SRR B R, T AT U B ERIA SR TN R R AR A
ka3 BAT IR B L

3.1. TEXs6 /245

TEX s i Am( 2 20(1)) A2 2k T R o T AR P LA e S AR 0 0 17, A B PR 25 K S e T —
A BB TR Joe P B8R 2 i i B8 ) T, DA AP SR8 O PR P SR 1 B e OTRLE . BRI
PR S BN E 2 (M AFAE R BOR R [15]0 bR A BL TR 58, TEX86 T HaigRiE
WAL B A DTN R iy Ho v, IXIAORIE R4 BRF 5o 36T TEXG e TR AR B A2 F 21H A
Birh, BARKT TEXse fhn 2 BT A A BT AE S, POV ST A E N3 E , i
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TN, I RN, WA NTE B A, FIEITE GDGTs k2 Ft it —. Wiar B S5

PER A BRI pH, EFRYI, KIRSEHZ M GDGTs 730 A0 ISR F-[16].
(GDGT -2+ GDGT -3 +cren')

GDGT -1+ GDGT -2+ GDGT -3 +cren’

TEX86 = (D

3.2. CBT/MBT LI BB EALIEH

TESCHE GDGTs B A H B SCRE RN Foa IR Re, W AN BRI e 3R I AN 2052 B A SR R 7 45, £
FEIGE  BROAEE o o 43R 73 A1 (1)>130 MR SR 3571 43 3¢ GDGT 43 A i 2 & R W, 54 (MAT)
A3 pH M AFE BB ENE[17]. Hrb, 24 GDGTs 328k F i) LA E SR A 3% pH B4,
M BE B A 5 L3 pH R AAAEIC. IR IR HOR H B A0 H8 BOR 7R P10 R R0 A T A S
GDGTs I 5i48hR, SCHE GDGTs B0 H B A0 AR B2 (1 77 U8 1% 4 IR A PR o 3 1 LASE i P (A8 4k . IS
i, RN B RERARIRIE, 5B T HR BN, SNHE GDGTs BN 2| pH K%
il AR Kb R RS HAE S ORI IR . SCBE GDGTs 1 H 3 i AN BRI KT 3415
(MAAT)EHLIEL KGR, HLFEEA pH 2 AAHCHE, SCBE GDGTs H K LAk — B AR & A HLHLER L5
WER A BT 7 A BB (MBT) A Q) MIFLIEE(CBT) A (3) [18]. H R H TR~ TR
FE, LIRS T PHH, XPANMEECRE T HIEN GDGT KA, WAy K E ST s T
A AT LOBX AN R AR TS, IR IR A U2 BN, ZRCORE, AREH, AR
ANERAR . FEAE P IX AN P AR I 5 B3 bR X I IR 22 S, 1T L SCRE GDGTs APk M A&, BrbL
1ER AR AT 7O, TR B R X 2 8] 22 S A AE WD R VR AN B — MR 18 FH R AE X B3R B L
JE T VE R RUHETTRE, BEUHER T R R A (RS, B0 T FF A HE, S2BE GDGTs 434 5 a4 I 5 2 1)
MRS, DARSRIRE R A B, S GDGTs YR B 150 15 B 2 ok i Y 1

MBT — [GDGT -1]+[GDGT - Ib]+[GDGT - I¢] )
B > T4 % $GDGTs )
CBT =-log,, ((GDGT - Ib)+(GDGT - IIb) ) /((GDGT - 1)+ (GDGT - 1)) 3)

3.3. BIT

SPREIRFI A2 GDGTs HEEIRFRMOCEE R, FAAE MUY b &I A AR R 1 2
%, —MbEHIEN GDGTs N3 GDGTs, MRS GDGTs 2 4 W =AM R I E, B
UEAEMG o T 75 2257 9 GDGTs WISKIE A RECRUERIF 78 45 W MR P o LR Ansh g (B FLUTRRE, 720 %
FI B AL P YFIE 2 TN T R 1) GDGTs. BIT {E A &3 T 2 FHE IS 2 B IR e e 2 —. BIT {H2
48Ry 0 21, iR BIT EMEEE 1 B 2GR BER STRRER K, o2 MR DTS, (Hi%
FEbRIAE A RE— MR e, — AR A PR B T R B LA 2 (191 B, 2&T 513 CTOC.
C/ N LA BIT FabR =S oA, 439 T B GO J5 1A LS R GDGTs SKI8, SR 5 # B VA LIS 20 1k
AR 2 FB 5, W LI NURBEAT T @ =T IR R B T 1, FBGEEUTRR
YR 0, W FE AN UTAR ) AR [20]. AR RGN BISC8E GDGTs, WIS fs RUTRA W) v S 8%
GDGTs {H &, RUZHE GDGTs FE ik AWK, BEE I b 55 EE S n,
TR TSR A ()8 B TR G 9>0.8), TP B I SR 470 (4B B AR [ 20
([GDGT-1]+[GDGT-II| +[GDGT-IIT])

e ([GDGT-1]+[GDGT-II|+[GDGT-III] +[ cren]) :
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3.4. RI-OH

RI-OH (Ring Index of Hydroxylated GDGTs), Rl¥23:ft, GDGTs L3545, & HujR &) 2 OH-
GDGTs it BE4E bR . BE&EPAEGIR AT, o B2 il T B & 58 230 S BB AR, D4R RF 40 i P O
HPEAFEME: SR L OH-GDGT-2 HAHR = 1Y I RI-OH A 7t i, (KiR¥FEE: OH-GDGT-0 FIAHRT
F RGN RI-OH {EFEK. X — ML 43 RI-OH {H 5 KRR 2 M@ ERENEREXR. ET RI-
OH 5l FE 2 [A1f RAFAHOCHE,  Foa T P S5 R S i A
4. &5i%

GDGTs A B ERAL 2 J AR A 1) 5 AR bR 6. RS CRR I T P A IR K —#6 40k H
FHXT SR %, kB2 (1) GDGTs HRYIFI K& SRR, {8 HPLC-MS 1) GDGTs 73 #T IE#E B
A HLHBERG S I8 S A T B . ST AT e GDGTs 1 RIERIFE bR F1 47 1EVF 2 B A
(i fR, AR B DART AR 55372 1) GDGTs WEAEM IS F2 I L, KA WL 48 /N2 GDGTs 43 i Allix L6
YRR EYRR TR IR R . GDGTs ERZ T R I Rig FE 77, Pl il ve s, driimia &,
PR o DL TEXse T b B 2 1 PR 0090 S5 PR 53 110 A B 1) U PO L3 DA B 5 bsf 9 19 e JL IR 7] B BIT 48
PrseF 5 GDGTs SKIRIIFE R —, 456 BIT 48T E G TAE, SST (MG F 15 Ml PR T B 2k
MG R SCBE GDGTs ) MBT. CBT $EAR$AL 1 MG s il b SR AR R YR 18, I g DTAR N
Wi b B PR S Bt ERAR B AT AT SRAAAE — LSRR B AR Y ) 1) A, (H 2 U (AT 78 25 S SR XA SR WL
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