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Advances on novel hopanoids present in geological bodies

SHENG Guo-ying’, LU Hong, LIAO Jing and PENG Ping-an

(State Key Laboratory of Organic Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou
510640, China)

Abstract: Hopanoids are the most commonly used pentacyclic triterpenoids in molecular organic geochemistry
that are widely detected and used as biomarkers in geological bodies. Their precursors are “biohopanoids”, which
generally of comprising compounds with hydrocarbon skeletons derived from some special bacteria. Due to the
presence of different polar groups rich in their molecular skeletons, biohopanoids are easily isomerized under
diagenetic and metagenetic environments and processes. Hopanoids have been reported to be useful biomarkers
for tracing and determining diverse processes and mechanisms of geochemistry by their transformation into a wide
variety of new compounds called “geohopanoids”. Hopanoids and their related parameters have been successfully
applied to petroleum geochemical exploration, where they were used as a type of effective biomarker to trace
oil/oil, oil/source correlation, organic matter maturity, and oil and gas migration. They have extensively been used
to study microbial diversity, climate change, early life evolution, and other areas. In this study, we investigated the
structure and mass spectra of some novel hopanoids reported in geological bodies since the 21* century, including
hopenes that have different carbon sites; isohopanes, whose side-chain are more extended than hopanes;
rearranged hopanes; aromatized hopanes; sulfur-containing and nitrogen-containing hopanes; and precursors of
hopanoids.
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Fig.1 Basic skeletons, structural varieties, and names of hopanoids (from reference [6])
a—FE R I FE A B R KRR AR 5 b—REBE 2SI B AR AL c— B UM BE R AL o 1~10: Cayoao MUWAE LS 11~15: 30-FE7ESE; 16~20: Cazas FEAEHE; 21:

C33-30-FE 578 5 22~24: Casa MM EEE 2
a—basic skeleton and carbon numbering of the hopanes; b—structure varieties and names of hopanoids, c—side chain varieties of the hopanoids. 1~10:
C31_40 regular hopanes, 11~15: 30-norhopanes, 16~20: Cs3_35 isohopanes, 21: C33-30-norisohopanes and 22~24: Css_36 cyclic chain hopanes

Geochimica I Vol. 48 I No. 5 I pp. 421-446 I Sept., 2019



424 W 2019 4
100 L 191 (a)
&
B
)
Z sor 161 231
= 2 147
6977 g5
353 368
0 a1l Al 4 L L
T T T
100 200 300 400 500
100 - 147 (b)
69
&
=
=
jred
*® 353
368
- . [ .
300 400 500
100 1 191 (c)
S
)
2 5
= L
= 69 81
B
410
257 367 300 |
0 T T
300 400 500
100 L 191 (d)
189
s \
&
il
=
4
™
juung
=
395 410
LT 299 367 | |
T T
100 200 300 400 500
m/z

P2 PR S R 7 ) b A A (a~d) Y BT IR (R R A RS 2400 7 o0 R, A —E R 4l 5 1))
Fig.2 Mass spectra of hopenes from hydropyrolysis of an oil seep from West Africa. The spectra were generated following
the fractionation of bulk hydropyrolysate, therefore, they may not be entirely pure compounds
a-22, 29, 30- =[5 -17(21)-H5; b-22, 29, 30- = [F7E-16(17)-; c—17a(H)-52-20(21)-H5; d-17B(H)-7£-20(21)-H
a-22, 29, 30-trisnorhop-17(21)-ene; b—22, 29, 30-trisnorhop-16(17)-ene; c—17a(H)-hop-20(21)-ene; d—17B(H)-hop-20(21)-ene
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Fig.4 Mass spectra of four neohopenes (background subtracted)
a-22, 29, 30-= [ FT4E-13(18)-%; b-28, 30- KT -13(18)-H; c—30-BEHAE-13(18)-4; d—HT7E-13(18)-4%
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Fig.6 Normal mass spectra and MS-MS daughter scan of isohopanes
a, b-17a, 218-22R-=FFEEHE(KAR); ¢, d—17a, 21B-31-22R-H1 3 “FF2E B8 (FAR); e, =170, 218-31-22R-FH 5 “FHELE(H ). b, d Al f 2y 454.4 34

filk B T8 T

a, b—17a, 21B-22R-trishomohopane (natural); ¢, d—17a, 21B-31-22R-methylbishomohopane (natural); e, f~17a, 21B-31-22R-methylbishomohopane

(synthetic). b, d and f are the MS-MS daughter scan of 454.4

Geochimica | Vol. 48 | No.5 | pp. 421-446 | Sept., 2019



%54 BRERE: HRAPEREFLCESYARHER 429
(a) (b)
100 191 100 L 191
S
1%(
f;; 50 |69 50
=
163 )50 369 465
l J 9 465450 397 ‘
0 || I.Iilll Jl IJ: l. . 3.6 T 11 0 Lln.illll. ||"‘ | ' ’:J
100 200 300 400 500 100 200 300 400 500
(c) (d)
100 | 191 100 | 191
S
i
el
Z sop ¢ 50 |
= 369 465
163 559 411
i J l 369 463450 ‘ 397 |
0 ) )Lll .IL P POV N L1 0 ...ILL.L-_ll.L |I“ N 4o
100 200 300 400 500 100 200 300 400 500
(e) (f)
100 F 191 191 223 100 191
S
e
= 5 50 "
Z e I 273 494
® ‘ } 6 369
273 479
494
479 397
OLLL““JJ W 1\ ol iy t@?l
100 200 300 400 500 100 200 300 400 500
m/z m/z
B 7 FRNGIEFE e 8 RS TS A B B R
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Fig.21 Mass spectra (EI, 70 eV) of C3, hopanoid sulfides
a—A F5; b-B R41; c-C #51; d-D R51; e-E RI; £-Cas LB, F RI; g-Cos BB, G R h—3 K FN VG VG B & #§ V5 (Messinian)
B IR T SR BB A RY-Cy) F Rt AR ic Y
a—series A; b—series B; c—series C; d—series D; e—series E; f-series F, Cs; hopanoid sulfide ; g—series G, Css hopanoid sulfide; h—D-labelled Cs,
hopanoid sulfide from series A released upon nickel boride desulfurization of S-rich macromolecules (Messinian of Sicily, Italy)

Geochimica I Vol. 48 I No. 5 I pp. 421-446 I Sept., 2019



440 Wk e % 2019 4
191 C,;H;N 191 C,H,N
8000
4000
S
~ 6000 | .
S M-221 3000 Mzé%Zl
jiid 240 208
= M'-15
E 4000 r 2000 M -289 494
= M'-289) 22
172 69 123
L 69 L
2000 95 158 1000 95 1155
132
LA
0 .““ o Ll IJ wlinil
100 200 300 400 500 600 100 200 300 400 500 600
m/z m/z
M -221 M*-205 M'-221
M'-205 212+14n R 2784140 262+14n N
228+14n I
- M'-289 R
144+14n 194+14n
. iéf M'=433+14n, n=2~5 9 M =483+14n, n=2~5
) W 7 ’ WO b
P22 3 A Jo0 (TR WE 24 o0 R e I - 22 458 ) 4 Jo i 1 S L M RRR AR A
Fig.22 Mass spectra of novel nitrogen-containing hopanoids (pyridino- and qumollnohopanmds) and structures illustrating
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Fig.23 Mass spectra (EI, 70 eV) of Cs3; (a) and Cs; (b)
hopanoid nitriles
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Fig.24 Chemical structure of the biohopanoids with select carbon

atoms numbered on the skeleton. Variation in the chemical structure
of the side chain (positions C-30, C-31 and C-35) results in a
large range of biohopanoid structures
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Fig.25 Chemical structures of bacteriopolyhopanols (a represents bacteriohopanehexol; b represents 12-Methybacteriohopanetetrol)
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Blumenberg et al. "S5 R W1, 40BE A B nT
EWPRE A A, K s 5 IE A SR
reducers of the
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deltaproteobacterial genus Desulfovibrio). Blumenberg
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— E BRI SE SAE THRE] T S 2R R
GRIEHE, JESE T SRB XU . A Fsil hAE S
KR EZTTHR .

7.4 TS HEMEREREHIEFTE Rhodoplanes
spp.) P HIE KT 28
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Table 2 Distribution and concentrations of hopanoids detected in the sulfate reducing bacteria (D. zosterae and D. salexigens)

Diploptene Diplopterol BHT 35-Aminotriol 35-Aminoterol 35-Aminopentol
(L F145) [CRE] 1) (4 TR 74 P ) (FIEAE =) (RIEFE ) (RIEFE T
D.salexigens 38.0 200.3 135.2 1.6 0.1
D.zoosterae 0.4 1.4 620.8 68.2
T <A I
OH OH
OH OH
A N DY
OH OH OH OH OH OH OH
OH NH, OH OH NH, OH OH NH;
3554 HAE =T 354 FEAE DU 35-G L

Bl 26 K FARER EhiA8 JFE (D. zosterae F D. salexigens)HIFEbiZS b & W45+

Fig.26 Hopanoids species detected in the sulfate reduced bacteria (D. zosterae and D. salexigens)
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=3 tHTF 5T Rhodoplanes spp. BRI ER LU SR EBRILHE R $HE
Table 3 Mass fragment characteristics of hopanoids detected in five bacteria of the Rhodoplanes spp.
X Rhodoplanes spp.
Ehaw G F (mlz)

1 2 3 4 5
2- FH i B o e 189 205 220 213 249 343 369 389 410 424 470 484 + + + + +
2-HIEEZE 2105 161 189 191 205 231 285 355 381 410 424 - + - - -
2- W1 JEFE-22(29)-% 191 205 218 245 313 368 381 424 + - - - -
2 FFY e o g o i 189 205 220 249 339 368 381 410 424 484 + - + + +
7E-22(29)-15 191 203 218 231 255 299 341 367 410 + - + + +
2 T 7 D P 191213 287 369 391 534 612 + - - - -
I P A R = 191219229 231 253 317 369 403 413 492 558 639 713 - - + - -
1 A 7 Y 191 208 282 317 369 397 414 433 461 493 562 620 714 + - - - -
N 7 P 4927 191 211 239 271 328 356 381 407 467 492 - - + + +
20 7 DU 508 191 213 229 269 287 343 269 453 508 - - - + +
20 7 U 5507 153 191 213 287 329 369 493 508 550 + - - + +
LUy 191 207 249 279 347 367 449 470 + + + + +
FE-17(21)-JF 161 191 203 217 231 367 395 410 - - + + +
Tetrahymanol DU HUEE 191 206 231 249 369 410 455 470 + + + + +
UHI1* 191 207 217 231 353 384 396 413 428 - + - - -
UH2* 151 177 189 205 219 329 442 - + . - .
UH3* 136 191 275 314 350 400 434 486 517 556 596 640 671 - + - - -
UH4* 147 191 217 249 381 410 + - - B B}
UH5* 191 217 225 263 304 347 442 607 669 732 + - - - ;
UH6* 133 191 271 313 369 402 669 852 - + - - -
UHT7* 191 209 281 391 490 537 606 665 - - - + -
UHS8* 192207 241 281 305 361 397 431 466 - - - + .
UH9* 191 208 251 295 369 396 433 452 466 545 697 788 - - - + +
UH10* 191 222 257 269 369 415 506 690 + - - . .

TE: *-UHI-10 MR % E HIZE LI Ab A4, "-BHP A% T i f i 492, 508 o 550 KA 7E 22 BE 2 AL J5 3R 15 (0 PR 141
EY, “-"FRRAEZLEY . 1. Roryzae JAT93"; 2. R. elegans DSM11907"; 3. R. piscinaec JA266"; 4. R. pokkaliisoli JA415"; 5. R. roseus

DSM5909"

RN EHH %

CI.

Br fll 1 KL, HEEILRFLSARSHIE

B A5 FP AT IR I .

W 5 A SRS S M ) AN T i i, 45 T B ey

St A A I A RS B B, BRI AT . 0 S RIS E
ARAIAS W BT, WG 2 B SR i P ok BRI
W 2 e bR B
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