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Biosynthetic pathways of GDGTs in archaea and bacteria and
their biogeochemical implications

CHEN Yufei, CHEN Huahui, ZENG Zhirui’

Department of Ocean Science and Engineering, Southern University of Science and Technology, Shenzhen 518055,
Guangdong, China

Abstract: Glycerol dialkyl glycerol tetraethers (GDGTSs) are the main components of membrane-spanning
lipids in the cell membranes of archaea and some bacteria. As molecular fossils, GDGTs are sensitive to
changes in environmental variables, and GDGT-based proxies have unique advantages in quantitative
reconstructions of marine and terrestrial paleoenvironment studies. Although GDGT-based proxies have
been widely applied in extensive studies, researchers have increasingly concerned about their fidelity
and applicability. The key point lies in the lack of research on the biosynthetic and physiological
mechanisms of GDGTs, which results in the deficiency of molecular biological and physiological basis
for GDGT-based proxies. Recent breakthroughs achieved with interdisciplinary collaboration in the
biosynthesis of archaeal isoprenoid GDGTs provide a reliable biological basis and a new vision for the
implication of lipid biomarkers. In this paper, we present a holistic review on the biosynthetic pathway
of archaeal isoprenoid GDGTs, propose a hypothetic biosynthetic pathway of bacterial branched
GDGTs, and discuss the biogeochemical implications of the physiological process of GDGTs. Finally,

we provide an outlook for future research on GDGTs.

Keywords: glycerol dialkyl glycerol tetracthers (GDGTs); lipid biomarkers; membrane lipid biosynthetic
pathway; paleoenvironment proxy
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Figure 2 The schematic illustration of GDGT distribution and response to environmental changes in

terrestrial and marine environments® ). CBT: cyclisation ratio of branched tetraethers; MAT: mean air

temperature; MBT: methylation index of branched tetraethers; TEXgq: tetracther index of tetraethers
consisting of 86 carbon atoms; SST: sea surface temperatures.
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SR ERKIEAX, ZKRIESBR T pH X
MBT F8R 5200, (545 5 2 A0 30 32 0 T
M Co-FRALE WA CBT $845)5, L)
CBT B f6 tr e i B 4 b Sz i + 3% pH, JF453

CIN b E L

M FEE S ER A, BF5E K A [R] 3R 5

S0 brGDGTs 7341 Y R AR I 4% . ATl

JE5 3 pH, FPEIRAE . IR KW
i, IR SRR MRS PR R i
brGDGTs 734fi, HEMIRZ M MBT. CBT #&45HY
WO 5 — 5 T, — SRS IR B A
AR B 1) 40 B A T 22 AR TR RE BE A 52 1 brGDGTs
(5345, IR brGDGTs 46 b i i #8358 28 A0 A A=
PR A iR 2 R R T R R AR TR
brGDGTs $5 4115 FRFE A 3 2 8] ) 5 22— B L
13- 3] A= RSB0 B B IE

brGDGTs Ak 47y [ Rt 2 R P A= W A7 L
BRAL AU Z AR R, —SE 5T
PR RE S P REYS S brGDGTs (156 2 4 n] A
77 IR BEAR A T R AR TR BR A TR AN g 2 ol B
Birh brGDGTs LAY EA IR Z — B>
DRl Ay R AT AT 2 i b B 58 v 01 e |32 B 20 7 2
—, [ R - ek PR R = S
brGDGTs & & W &P, (HEEE I H AR
O T, R A= W5 ) D Ly B — 1] S 4 )
ZATIR, Rl e emmr . B miRSEAIE
AT R AR A IR, i b —2emksy,
UM L DA e YR S 3 g bl L VA 7S Tl
SEE, HED S brGDGTs AW IE R, Hanm]
BB S R ARI A | A S e P DA A A T 0
TEE XS Sl 15 IR AR R IR 2B W TSN 46 BRI AT 14
HESE 2 BRI, BB AR DAY brGDGT-1a 1k
&Y, 1135 Edaphobacter aggregans Wbg-1 5
Acidobacteriaceae strain A2-dc; FEHEM < BE
TR AR A GRS OB — IR 5T
KB, FRACESIREREIMR E. aggregans Bl
B2 brGDGT-1a", T M brGDGTs
F 5 B P RE T 2 28 AL 480U BIR X A 10 ik & 4%
PR {HA R B E. aggregans £ A TG
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Ik 2 H L) brGDGTs fb &9 .

W Tes MM &S K E X A0 E
brGDGTs &5 ¥ APk IR I T AR R
Zeng M S O E F S, KPR Tes IRl IHE
HT 2 i TR 2T 128 SR 2 . i T4
P brGDGTs 57 4 isoGDGTs fb2= 45 H A,
Zeng UMM AN brGDGTs -4 A ig 1% 7T fig
5T isoGDGTs 2610k, BN —fk4e & 975
KTE R PURE, TARFE A Tes WIS WA T
KEEVER] . FEJS, Chen ZVHFH Tes [a] & 1
Jr 5 %5 A brGDGTs B9 — /> R 1 1
P Candidatus Solibacter usitatus EIlin6076.
T AR 138, & T8 2 IRV
FRFFIA [ ]V.2S 3 (Acidobacteria subdivision 3),
eI AN T HLEA T SR AR O X SR A
ZHIWFFEA brGDGTs A= Pl 4 0 00T Bk 1
Tes [ H, XKWL SH Grs WFEIEEN
BRI KB Ca. Solibacter usitatus REWS
& brGDGTs-la, Ib, Ic, Ila, IIb, Ilc. Illa
S5 LY brGDGTs fb 5 W) L K 5 6 A G £
Fpfis 24, {45 isoCis-DGE. brGTGTs LA K
IPL-brGDGTs 5%, 1l H. brGDGTs &% fit i
g0 j v e = BRI 66%, J& Ca. Solibacter
usitatus A0 AR Y B ALAYY, T 22 AT RS
B9 brGDGTs (5 E. aggregans 4N B AE 3% H
UERE SR

SR SR AW IR kA B TR L
A B I WEIN brGDGTs fY B AL 5 SR AL i X
AN TR B $55 H 26 e 1 3o A . Chen %5V& 31, Ca.
Solibacter usitatus #E15 3% brGDGTs #Y H 4k,
Y MBT sy fabr EFEZWREEH, 7E
10-25 °C Ju il A 5 L 52 B2 35 A AR PR E A 56
PE, JFH Sk R E—3. Xl
brGDGTs A= 5 5238 3of i A28 HH AL R B 1
2V 4 B ) 3 Sl 1 LA S iy Ui BE B AR Ak . TR
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FEk R, FSEAEGER D, MBT swe $5 A8 BUE R
= UL MBT sy T PR A 1 200 0 B Py 7 ko
ERPRAFAEZE 5, SR E A X BRI E &
Horp g —A S A AT R B AR PR PO [R] A
e i A KON A] B BRAE A XA R34
XAl g R oo, i — B A A e 2
MBT sye fEARIC R A K FTIRE; Frhl
TEARIR . PRI 22 R R IR, X Rk
o7 B & RN B RRFE ) CBTswe F845 52
P ZRhPREE N R AR (I | pH A4 TR
FFHE pH 5.0-6.5 YL [l N -5 pH 2 B IEAH G £
PR, SRR, Ca
Solibacter usitatus {41 pH 7 il FL$5/)M4.5-6.5),
I brGDGTs 7& pH 7-8 Myt +- vt 32 4
i BEITEAIE] pH BREE iP A AE A R R 2R G AR
Y. Bk, CBTSMEL? pH Y95 22 ] BEAUAL
T EWEA VR ) S R B A 3 00, S T
A IR R TR S AR AR AL

TEAERE IR O B 45 AR5 T MBT swe 48
P 92 2 — AR I IR E . B Ca
Solibacter usitatus FEALT 10 °C. 5T 30 °C £
HTFILEALK, 1iH MBT sy $UEFE 25 °C
Cir R 1.00, B MBT sve 890 FHYE
4 10-25°C, 55 —7J5 i, CBT &5brlfe2Ay
I A PR PE SR R 2R A 4 R . AR,
HHTE AR & LA AE W, I AT 28 A ) U5
%5 pH Z I CHR, I CBT $54r A0 FH 77
SEREEE . Al W, R S48 GDGTs
B AL 0 AT PR s R GDGTs SR AT
W L ey P 858 AR AR AL AR LA R 8 s A T R
FEMERE X

3 HELHRE

i bR, TEMAEY . AR &
Pfe B . AP BRI~ 55 2 BHI 2 LR
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., 541 GDGTs (149 & it 7 763 )L
RS T S H B . XS R O R E bR
R b2 0 B AL T AT S A A 2 S R
AIWFSE IR BE . FRATTIAH GDGTs F5E 4R ok
EEPR T FEER 24 (1) SRR
KA GDGTs 5 AL o A isoGDGTs
WV 20T 450, Bl A S e e
crenarchaeol(’) ., A ¥R G4 (hydroxylated
isoGDGTs, OH-isoGDGTs) . 754 A ] A~ % F %%
191k & ¥ (methylated isoGDGTs,, Me-isoGDGTs)
DL I 2 528 S M 0] 22 )CHLEE ) H B
¥J(H-shaped isoGDGTs, H-isoGDGTs) (& 1A).
AR brGDGTs HIZEH ZAEME AR T mo B T
L) brGDGTs, feift (WFFRE kB T 225U
T isoGDGTs i AE 4514 ) brGDGTs i 4E 9,
140 H-brGDGTs , 4 A &St Z 4> EE ML 59
(overly branched GDGTs, OB-GDGTs)LA }z H J&
NPT brGDGT-1a 1465 ) (sparsely branched
GDGTs, SB-GDGTs) (& 1B). X2k B A4 &
) GDGTs A7 2E ¥t HA 1K LE Yy br i ) B v
71, AR eI A SRR MR R 8. HIk,
ANTE brGDGTs A= ¥y AL F 1% G B BE DA 1 oA
BRI E AR, BABERMMREN, 28
R AR SR EISE SR i, (2) % GDGTs 4=
Y6 LB FH 2 HLHbER 2= FR AR 1 T & 5
Mk, fEPTHLIR B RIS . TR ER
A=A, 5 202 R 3R 2R [RAE O
1) Hb 5T B2 22 18] 5 AT B B A, X2 AR
PR oE I B PR AR . R VA T AR )
HILIEAE 5 F0 1 BTAE 5 23 BT aX 20 A4S o) A ] %
J1: AN BS LR, 48 AN T H
MR  FR RS s ez, BRI IR ] A dE A
KAY SR BT, AL,
DAY, R RE L ER L 22 5 2 2a k)
LA B , 2% GDGTs iX —HE 24

P S Bk 2 i A 1) T D e B
Bigt

Bt B K FFHEE H. hy. F
At At A LB AR IR 09 3L
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