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H WA ,2020" ), XEERE R HAEY R T
SRR A OGO SR W R S B R 2 R

AAPATEAR R 433, N, R G RAR AE P i
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X EEHAE W B O T AT T R SR (E KA
RBP A G B AP R e, 2022) , 3% HLI 73
AT R e SRR A DUR” A ) 5 | A ) — 6 S B b Jo
YRR, LA B3 [ % — Ul 2

1 DU UEY) 5 R Y
FHEAEH

L1 RiBMRMEED

WA R E Y BR A T RE R E T AR S
R Z A EAE . Rl 2, AR Y 0T AR Bl sl
& NEREE e B ESBUR BT RE Ty Bilan,
TR ) S PR A R ) BR MR BT R
ARV A W0 P T J5 A 717 S Jo5 P 8 s b B0 9 555
TAE AT AV 22 0 R Bk DR R s 1) 2R W g, LG
o K BEA I PR R X B T X LA Y AV 2
TEPE A= Py sk b Dy fig , AR T A0l 247 EAR
BN A i ELEA AR R A5 e 3R P 1 e
DRI E PRS0 RAR UK B W) a1
REVR LA S @ 7 B IR T i B B BTmk
R IUE AR A e 5K A S s
Yy S 1 R A e A SR AT e e A AR B
B CHR RLAE,2018) .

TR TR Hb PR 5 0% ffAE ) b B A P A A i 1
ZANE WA PRI g B S B, X B K SR
ABRAYEEEE 5 Bk 2= W B A 56, L 5 kA
MRS 1A O . X EERR G 1Y A= Wy sk Ak i R
VP2 A Z [ B B SR A DA T S
WA BRI FE AT fan, MRS A AL A HL
BRIF I L, 52 AR T 7 A 1 35 A 3 B T BEOR /DN, B
AU AU R RR B VB AR 1Y 8L ) (B
A bk A ROk A AL A HLAKR (Stumm and
Morgan, 1996) , XHE, Gl A= ¥y RE & 7= A 1 2 5l 32 1l
TS AR RN A LB — AR AR AT
DL I AU SRR |t S b AR R LA 5 i
Ko X7 T Fpe MY (1) ] o TP e R AR SRR T S —
SR I BRI G  TERAESRME T ED A 31
F e S T S R h 18 S5 5 7E — kS, ] 5 R
AR ( Timmers et al. ,2017) 8k4E ALY )8 R
AHFEA (Beal et al. , 2009) , M\ 52 52 0w B e 1 #4°
XSRS = A 5

R0 W) 2 T8 eV 22 Ml 5 5 R R i R T
e OFEAAE AT R, flan, T CO, B 77 Hok
Az B A BB 2332 BITR M U W R 52 5 2 F

FHAEY SHEY Z 8 HUEY SN e AT Y2
(] oA 55 b T A 2 T A A B AR P B X
CO, BAFRYFEM o R TR BOR K UL, 3 57 i A7t /2
HFTA TR P — 7T A7 14 30 22 42 4 e I S 2 g 1
KRR AR R 8 J5 125  (E R M S W TR 25 5
M A% R A 7 PR 1) T 0 0 0 4 G T SR A0 T i
AIRE & AR 0 i A W ok AR A 0l b By IE | R If
R

ER TR b R R R T A 0 240 L A B R AT
R4 V22 2 Wy R AL 2 o R AT 5 U 2R 1
N, M TN A 1 B A A 24 L b R R B
1K 4 PECEE DL (Jorgensen, 2011) , FEIETTAYIIRER 1
km Kb TR F L R TR AR 3 A B 2 (Xie
Sitan et al. , 2013) . XSEFREE rp AR Yyl ER AL 27
N Zets 2 5ARMRER A C, MUEH SRR
e A RIS T AR R i AH IR A AR s g, A,
T AR 3 R TR SR I £ TR A SR AR [ A
( Magnabosco et al. , 2015) , 52— MEFEREAC S
%l ( Berg, 2011)

SR R NIRRT TR i R 5 A 0 7
BRALZIIREIL T AR AR D, R0l 7 33K S A ity
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Y Z IR 5T | B HE 2 AT 4% 33 RN AS e i) 2 I 4 AIL
HlS IR A A0 AWRL A RN TERRE ST,
“PUER” AR Py ] stV T AU IR R AR R X
SEHR AL A T TR 22 X
1.2 RTIMEHREY

TEIRZS G A I SEAR D 8T i T
VERAEH IR b R A7 A R AR 0 4 i 21 855 IF 5, 491
an, Ak 2017 4 BT R R RAKFHIE, S 2/ T
37 /> LA IR A i PR Sy 2 R R A A W) 2 2 L B
FE i (Martins et al. , 2017) , A2 45 30 [ (14 235 R 4
M, KRS AR ST AT DA Bl [R5 — R 90 () E OB
MERI, 1 0 i e A5 ] DATE A RAR R AN
A RZASEREE T WUE RIS A0 W) A 22 RE I |3 R
PLER Bl ) AR ik LA K AR AL anfer e RS BB T
A it B AR ) —0 A T AT R B A ] 2 Sy 40
TV B 1 LR )27 05 i X SRR TR s ) v T
Ife PR EE AR MR

R T HbIK B2 AT ST, A 0= = R AE YR
L e 1 SR A R 7/ Tl e St |51 B 782 = N
WA oy e I AN [) T b T 1) — 26 4= ) 22 R AL A4
AR BN ER T TR P BT R I A S
TE A WpRs e ([ 58 A SR B ik 25 D b [ R
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e ,2022) o A AP [T Z 1 20 ~ 100 km
1R JBE 1) 2 TS L 2 b 2 PR 5 30 b 2903 = [R] 1 ik
PEIX, FREE AR H A o, HAT SR S AR T I
FEAEAA (bREE,2020) . HETABL, 7E 20~40 km
JE XIS SR 0 3 B o 10° ~ 10° AN 4L/ m® ( Bryan
etal., 2019) , & LUJE B A 725 PR B 4K B9 T Bk
M,
1.3 REEEY

b3k 0 B PE 5 AR A %) T T BB TR T O R
), AR A RO A R — A, R E
i Z AR AR I A ) DR 2 R W T i b B R (H
LA RS SIS [ 1A AR A S REAFEAS [) i o )
A B ) EUARAR ANV A | 3% S 1 LS Re e
WA RERE AL AR, W] AL, H Rk AT
P AT AT — S G AE ) B BE T W) 5 A T A AR, el ot
FHOX LLE YR IR AR IR T S UL ENZ
[F1] 4y DI ] f AR AN T 28 (1R K A SRR A Bk 4 2 D
SRR EREERE,2022)

1 A FRE Y DI RERE 5 T, 6B R Y DR
e R IR T A FA1 (53200 Ma) , AR SOLE
AW R PO G AN, ELR B N TE) AT R
FEH Her T AR S S BT & AR R I TR] ( Xiong
Jin et al. , 2000; Battistuzzi et al. , 2004) , I, K
HH LEE 2O S A 50 ohonii AR
FOLB A & T RO E BRI B[R]
BT RS S SRR DG G e 2 A RS R 1)
Al REAE TP oo AR BRI ( ~ 1100 Ma) ( Yoon et al. |
2004) , BEEAEHT T ACAIRI GRS R o A
BT, XL AT 2D IA TR R R AR
B AL FoR A B o L, AR A
L AEBSSHATy T AR A e 325 b B R
R PL 2T BN £ 7

I3 ¥ AWy EAE A A Wy Dy RE R RS IR AN 1L
Jr TG T — 6 8 S R X BB R B Al T
Hh R E AL A ( Ammonia—oxidizing archaea, AOA)
BIETREMAFMZIG, SRTUALE BRI & EY)
FASG, HOR S A A 4 5K T B 5 1 0 1) S8k i 72
A X (Ren Minglei et al. , 2019) . 5 AOA HL, &
A AL AN E ( Ammonia—oxidizing bacteria, AOB) j&—28
IR A AL B IR AN, 5 AOA J& T [Wl — DI REH¥ , I
By EY) R W] AOB AT R R IE T8 oo i AL
1,5 AOA 1a BB ASY A I A EIR R, X
S IR X TR A TA T R B 18 AT R Ak L B i 5t [T
5B A LR, 2R R A A

Gy AT DR s AR 2R iR
TR o b B PR R 22 A OC 2 o TR AR T Sh ) K
o 3 PRI A B W) A 2 R G RV PR 0 R A2
fdifs— Ll FUAE DI RERF A LR AR AL, W OB B 3R
WA= W B R E B A B B A R Rl L
AWSEDIRERE . TE AR 5 RS KK AW, 5
WIGA: 7 A RS A SRR B T RS
A, ) 0 A AR B RS B T, — S A
AT 0 R T 2R GA 0 PR) Bl S 2 P 00 S i 3 25
% (Luo Genming et al., 2011; Liu Han et al.,
2020) . BRFRERICFIM A Y SRR AN T | T B i A
WA b A A U E YRR SO . 8l 7B
S TAE R R T — 2 B e o TR R R TR A
252 Ma HiJa ) — & 4—=3 2 2 3 ( Rothman et
al., 2014) , H@EFENE—HBL——FBLZL,
2L AR T O

2 CTUE” AT G A A ) A

AR L AR R SRR E AR RE T R A A
FEMLAIAE Y24 | 3 BN R 4 40 Ml o B 58 1) 9 7
XA SHFE R RGBSR, FEHI =, 1 5T 3]
1R 75 IR i ST
2.1 HRFEEBEEXRER

HT, FEAE Y A T RO T RN T . AE
AR, P2 BUR R FE R R B 2L i R . 1]
U, 2020 A 4 Bk Bl A A R R el R 7 2 3R
It AN o AEITAX, W BE T | R IR 22 0 N2
SCH P A B R AR S IR (AT 164 ~ 180
) FECT Y DA E R T . SRR B R
(LR W) AR A R B B , sk — 20 0 At AR Wy 1Y
AR B . ZEFET 300 4 i AY vk 2R < AR T4
HgRe & B T R AR B 1Y L A R B ( Biagini et al. |
2012) , MPHPEA" PR (1918 ~ 1920 4F) 52 4 1Y
R LRI T R Bt E A T RE, A IO
PEE & F PLLE B9 R 17 9% B ( Taubenberger et al. |
2001) .

TR DR b S5 o b B S A ARV 2 2, 0T
HA IR — SRR I o e 75 23 AR B R £ rh
PRAR A 3% A AT BE R B e 1 Y R E R, 7R
e B A B T 28 AL HIDG T, e DNA BA B A
(97 B FE A 5 L DT i, S LI A vk 1l — £
(Zhong Zhiping et al. , 2021) , VIS N RSl
FHAS S ot E A W) 2T B R Pk, 25 1 31
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HRPEN AR A AR, T 28 BEAE AN ] PN 3 ol 4
BRI TRATIRPENE 25

PETR IS T7 1T I 7 6 475 Wit B8 76 PN 1) 3 )
PGSt T i A el A B R B, PRI 7 O R R 22
FEME O3 A MO S 18 EZAMOCR WBTEM A Y% 4
SR 1 A 5 T A ) G TE B AR R B,
SARS YIRS 75 45 25 J& T 7R W (i 3 R Wi
W) 8 T AW 5T AR) BRAE IR 7K A 75 1 BF 5
R O AR AR B IR T+ RFR . N,
TG ITF KA B SGAT TR Z A& T —
FE A0 15 S0 A A5 21 KV R Fn %55 il
FERH PR R 2 T 140 ka A7 09 F5 556 46 15
B XA SR BT C R B 2 A9 3 ( Castello et
al., 1999) , 1 HAE UK AR £ )2 v & 30 0% L 35 9
BETEN IR TE 2 N RS IS | 255 3k
Wy o A2 3 33X 2 DA B A= i O ( Pikuta et
al. , 2005; Bidle et al., 2007; Legendre et al.,
2014) , JTJEIRHLERSE TP 7 9 2 FEPE LU S BATTTE
ARG AR RIS 3E 0 PP & AT 7R 1 B0
P, BB R R = AR T & T 23 8] i A= 4

B, A PR 2 b R R i XU %o b 25 (1] )

TERFVEY) 418 AR #AR T

PR REUL T2 0 A T A R i B PR A il
T {5 Y RN L A A T TR 2 e A A
T, BRI RENIE 3 58 MO T A7 4R A T B2 N
5 B EY G T2 AAFAE A 250 2 EAEH]
KFR, CAMPITERYL B TR R Y 24
BNRZA, e S WUE Y e 2 A B 2 5
HAE B O FR I B AR ] (Kieft et
al. , 2021) 75 1E E 094 BRACEHEH] (Chen Linxing
et al. , 2020) 23 75 F 1k ( Chevallereau et al. ,
2022) 55, TEIRTR PR b, 5 15 W42 Y 25155 1
FRYHTEA S, DT $ =i 1 0 4 7R
Z2 B S R S0 L A4 BE T, B 2ok P Bl i T SE G
TE RS A o PR 58 rh 3 o S AR A o DR 5 R R ke
PEER ™ A HE 52, 20 0K RUBE A 5 1T DA AR 4k
R 5200 ( Brussaard et al. , 2008) . 2R, AT}
TR S5 A i b Jo B B 9 7 1 90 A | R R HG G B AL
TARANTEAE , i B0 9 X J7 1 1Y 28, B 96 & 1 1
TR M S B Y o3 A S L I R

o B I AR A 5 10 0 AR O T 32 XAEAE
AR ARG, S EUR TR R & 5 R Z
AATER VIR C R o W] AERR 4RI PR & 2 [R] AR
HAE W B ERR e 5 AR a RL e S SR B

BEHIRFL A R G R R RIS . TR R K
IF, AR ARk R BE 20 T pa 1 OGP E T (HITA
S T Y AR A R SN 5 EE R R K BTk, 1
FHAMEREZ BIAFTE R B VIR AUE Tk
BEG IR DCEPE T 28 4 BRVE 48 K & i HLAL
AT AT I S 5 1 728 A ke Tt AR e i 17 1Y
), (HIX 7 T Y T AR T RS i /b

4N, W5 AR AR AT LA Ao 22 i A2 5 e 5 1Y)
BEHCFNAL 8% ( Danovaro et al. , 2011) , &ERAZBE S
BN EAL TR T 40 ka 1450002 7 2% 55 Ok
AL FELE N B TR W 15 LA B LK H (Pendleton
et al., 2019) . BB THEFE— & 10 N 2 hn 1
0 0 SR 2 S e R A A 0 AR RS
AT R RE TS 55 . A W5 R I, TR AR
TR 75 o 22 IR T 1Y) A A N A BRI E A8 A BT ]
AR 3, I L IX o s e — Sl 28 2 R Tl 1) 0.
RURI R[] B @ o 4K SR /£ 78 ( Yan Shaomin et al.
2010) o AR ALY A 5 45 15 3 B9 T 20 0
R A 7, SR T+ R % O s A AR AT 5 | RS VAT
JHE & ( Newman et al. , 2012), F-#]40, 2002 ~
2004 AEAEDL & DR A (VG Je B il B, HoaE o
Wg -, T IO A 5 s AR RS B B 5 R AR Ak
ORI OC, T BUR B 5 90 2 49 1 R DX M B 25 S
(Morin et al. , 2013; Paull et al. , 2017) ,
2.2 HWRFEESSEMRAE

IR IACIG TR RE 5| A A SR RS | IS 4 b ot
IF S B A R L R W RE T | R AR W K 4 45 5
RYFIK A, 5 HE AR b B U e A
TR FLRBFSE SR |, — 22 9 K 48 5 B 1 Bl
SN IR AE AL | X S A Y 75 5K 48 5 AT
8 K e AN [, 7T 6E 2 i1 B 51 B 1Y ( Emiliani,
1993) . SEFr b, AT 2 AR 3 B 1A v e B A 4t
B $ T Al AR Y A ) ROK At mT RE 2
75| & ( Pefialver et al. , 2017) .

T fif BT U B R (B R ) S H I |
R AR IAME , OGS B ST M SO B B IC %, AR
7, 1 FOR FEARXERT ST, A — S0l S A M) D RERE
AT DLE B 2 AT B 5T (A 104, 2012) |, (HLR B
PRItk = 240 M BB T X LA 42 MR # BE A T 0E .
SRR BT RAE ) L SR P A HERT 5T, IR 4 A
BE R Hb BT AR ) rh o MERI ST 1Y . Ak B T AR
fig ( Viral glycosphingolipid , GSL) 7£ It K P ¥ i) i
BERHE b RGN 2] , o Pl AT i g 2 LAY 7 T LA
3 BEAR A TS (Vardi et al. , 2009) , AR
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AR AN (2 2 518 TR & A4
HAER, AT LAHE i RS R ORI SO R . A
WFFE R B, R T I e 2 18 A5
TR = Bk T ( Triacylglycerols, TAGs ) DL #4741 g
JE AR H 9 ( Malitsky et al. , 2016) , X 2 K Mg
BETEARR i ENRIAT AR P A P AL A1, i 52 0 1
F eI R4S (Heaton and Randall, 2011; Mazzon
and Mercer, 2014) . & 1 J& Paracoccus B ER T & )
TR g S, T A BUIR TR IR 28 5 Kk
A R o PR AT T L 34 5 50 A e ] 407 2 4L o 1)
A

B 7 HUTOIR R ISN R T RES S B &
JTT RN L BTie s, TE— Se AR W R AR AR 20
B, AT A 2695 15 AT LAGE 2 G B — 26 5™ 91 £
BT R, R0 B L& AL e, A
NanoSIMS (44K & -85 ) %A= By o 3598 hl
YA I A AL Al i 2R (NP CHNT) A tloe =R
[FIRLZR (4'°0™ *Si7) 434, KM 1 3 B 58
S—H, AL SRR B S, W EE &

B 1T AT Paracoccus BIBRBNGIE T4
LR AR R B A S R
Fig. 1 The impact of viral infection on the lipids content
and isotope compositions of Paracoccus

Xt BREE AR B e e RO R BRI, SEBR4H 1 RS0 2 S P20 20
TR Y5 A RIEREFATRE . BRIF AL R (BRI AR X BRifE 2 V-PDB, &
[ (i B AE A2 V-SMOW . BRAbR 4T 16 .17 A1 18 FORIBMT AR AL
BWIRTREL, '8 55 I I RN AN
The control group was uninfected by the virus, and the experimental
groups 1 and 2 were the parallel samples of the two groups infected by
the virus. The carbon isotope values are expressed relative to V-PDB,
and hydrogen isotope values are to V-SMOW. The numbers 16, 17,
and 18 on the abscissa indicate the carbon number of the fatty acids,

and the numbers after the colon indicate the degree of unsaturation

WA WL P BT HBGIEYE ( Pacton et al. |, 2014)
3 DUBE” A B B e b Jo o A

B Y2 5 TV 22 00 b 5 A sk A 2 it
T X S ARl 22wl /bbb A b ST T SR BLORAE oK
SR, A SET A W) 2 5 1 b Jo ok 5 0 ¥ DA b Jo 4%
E SRR PR Ba b A b B A, S R R 1
i R HAT R A
3.1 B RIEER

IENIERIRDS BTN WNE 2 €I R T E =0 W VE 2R/ O
X T B W R AL 0 R DA TR Ak 78 Oy R R
TGN, WA PR 00 3 D £ Tt e 1 e /5 FH AN CH,
PRAEACAERT, BAE 1) SRS AR VE T, B0 20 A iR
IR TAE 5555 . SR, — Bk SE R AT A2 31 1
FA AR, 27 A — SE B EE (eryptic) Y
BT FE . Z BT LARR O B, S PR Ay ok 2 3 o ot
FEBA SR T B Ok PR ER B3 A8 3l HOE 10 7= AR
PROTH R T, MELATE i 5T 20 58 BLAS I 21 5138 AN R 7E
HhBTIC SR HL B R R

N, FER R LRI 5 A B A KR B B PR i
J b R AR 1 H, S AR S A Ak U R 26, X A B
FE AR AR A S PR o 5 IR AR AL At AR DG R
TEAIR A AE— A1, T LUK 42 BRI VE 1) A= W Hu Bk 1k
FAGIR AT FEAY S ( Canfield et al. , 2010) . X
SR AIE L, SEPR b ZE DO Al 25 th B
FE RO BRAGER , B A= (4 H,S ARPB Fe (1) AL BB
FRh, AT 2= AE DU HLIE A A B ke i) WP e 1
W N, 75 rg TR Y B R R 8 R AR AR — >
W B 8 F B A A | BRIV 01 BILAK & T B e At g /)N
I3 IR MBS U B , ik 26 F e AR PR a4k
i, CO, TM{H %K (Zhuang Guangchao et al. , 2019) , 48
W e b R UL BRI ER I i [ i R4
3.2 EUHEEBRE

FI R LR A AN O L - B S T X R R
FOTRE PR i BB IR 25 Y RO
P, YRR B F 2RI M4 A 5 (Reactive
Oxygen Species, ROS) , fl4f & A B ¥ (0, ) .3
AME(H,0,) FEAMEE( - OH) —% LR A 2k
(NO - )%, ENITEAY AR Z SRR, FIHIA
SR FH B T I 240 2 0 0 | S 5% A R o S A
“HE VR, R RGRE A i B E B s ffE S
P a5 IR A (&L 2) o DU 200 R B 335 P 4
FI F X A i Y S e AR AR T R R AR OCTE
IOEN



1580 #ooproe I 2022 4
4 g
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o A RHEEM o P A BLIFIL B SRR BT A BT

o L ANEST (IINOM. WM S)
o RIM B G R MK (WFHERY )

o ZJH i P 2 85 A8 4055 I LAk L
o /i §*NADH/NADPH if J& % <

RN AT R IA AP % 1l ot
PR OR ME B P Y

— N SHEIA Y L FURUAE Y
TRt TR ML RS AR BRI A 134
A X R S A BT R S
B, X BEPRIE AP AR R

o 3t o 3t
¥ 55 ROS *ng L H P4 4FROS
ROSXT A= #4414 5

o Gifil: BORAESE. WA, HRHRBRRAE, RIEEZMILT F
® Ei: MErRAMEK. F9ET. HHER. RES

FO IR T I RSB
POV UL RIS
R e LA, PECEAT

4

Z [6] Hy B[R] AL, I R T8 L

ROS 4= 47 [l () v e 52 Wi

o EamBIR S AWML AR, FRLRER. EVMKRIEN . EMRKKLEE
oW AR . PR b BEARAE AL . S8 R SRR T R AR W Hh R b 5 18 3 4

BAR AT T B B A B bR 2R
B, DR Ak 5 Ry
& BB YIML, R ilE N
AT i S5 s 893 14 2 S LR A 2

P2 SRS S A R A )

AN R AT RERE R

Fig. 2 Possible effects of active oxygen species in geological

environment on different levels of organisms

TEH BT ERGE , VP 2 W B A2 FILE ) S A B T
HEEA RN AR WA = A ROS, R 512 78 IR 55 4 1R A5
ZAE ISy AR A (B 2) o Bilan, e 9
RAMREAIREE T, Fe (1) A B T 7= 20L& 4 5 7™
H: ROS(Swanner et al. , 2015) ; R Z1 AT LA AE H
T LATE SR 4 AR W) R 77 2 ROS; — 267
1 5777 40 G AT DA L A1 5 NADH (340 52 Y S0
J B EERS — AR ) i JB S A ROS( Diaz et al. |
2013) , ROS Z Wk A H AR PH 2K, oA
AP AEVF 223X FE 1 B B ik AR I X o A= 4 b o
TR AR W Al P AR R dRlE R B, AR AR
ROS & ATHT B K (04 A8 B A T 75 7 4 S8 A2 )
HRRES 5 B HIE I (Ernst et al. , 2022) , FERZ
A KB K AT RE S ROS S BUA I A8 56
(Yang Dong et al. , 2018) , TEIEUIWAH 5 WAEY)
R At FERLEE A KM B 20 W R S 2 )
1, I BT B B AR e AT AR
P AL S A (B R B R R 3 S ik A R T R
A 7K T 3] b BT PR BE B ROS R4 X% A Ay R G2 1Y
SO R R X A AR | U Y R b 2 R
TR Wi AL R 52 | R L3RR A ARl eE Ak
SEE R A RS A RE I EE R I

RGN R — T AL, A
T TR T BE XM
50 KA FROR 4 77 A s i), {H 3]
H AT 1k 34 A R LTI 0 25 1
SR, R RS, PUIR”
VRS T MR BT 2 B R ) LR Y R A
T2 R, S PR BT (05 R 4 H FR AT jE e st 2
Yy B B AE I A R 9
TELL SCHL A SCR 3 4 80 FEHE |
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Geological agents of microbes in deep sea, deep Earth,

deep space and deep time:

From climate and environmental changes to ecological crisis
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Abstract: Microbes in deep sea, deep Earth, deep space and deep time are referred here to four deep

microbes (abbreviated as 4D microbes ), including bacteria, archaea, fungi, virus, etc.

Knowledge about 4D

microbes are very limited in comparison with those in Earth surface system. 4D microbes are thus proposed to be

one of the key frontiers in geobiology, which helps to understand the origin of life in Earth, to constrain the
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boundaries of the biosphere, and to promote the cut-edge investigations on geosciences, life science and planetary
science. A series of grand engineering projects were launched in recent years in China, providing unique
opportunity for Chinese scientists to investigate some critical issues related to the 4D microbes. Some issues to be
investigated include the interactions and co-evolution between the 4D microbes and climate and environments, the
ecological and biological security of the 4D microbes, and the cryptic biogeochemical processes. The reactive
oxygen species (ROS) in cells are paid great attention to in life science. However, ROS in natural environments
are needed to be investigated, concerning their impact on molecular, cellular and ecological levels of organisms as
well as the whole biosphere turnover and the microbial roles in geological history. Virus is believed to throw great
impact on our society in modern days, leading to the occurrence of global pandemic, but the virus in geological
times remains to be investigated on their impact on the background extinction and mass extinction in Earth history
due to the lack of substantial geological records.

Keywords: geobiology; biogeochemistry; astrobiology; virus in geological history; bacteria; archaea

Acknowledgements: This work is financially supported by National Natural Science Foundation of China
(Nos. 41821001 and 41830319) , and the 111 program (No. BP 0820004 )

First author: XIE Shucheng, born in 1967, Ph. D. ;| on Paleontology and Stratigraphy in China University of
Geosciences ( Wuhan) in 1997; a professor in China University of Geosciences ( Wuhan) , and an academician of
Chinese Academy of Sciences, working on geobiology and geomicrobiology ; Email ; xiecug@ 163. com

Manuscript received on: 2022-04-06; Accepted on; 2022-06-17; Network published on: 2022-06-20

Doi: 10. 16509/]. georeview. 2022. 06. 135

Edited by: ZHANG Yuxu

HEMFAFSAHET/NETEMBARKR ( SRER ) ITRER

NFFZEAT IR EY BB SREE HME” BRLAAS Hi AR
TETE K2 R 40 JA % LR 897 AR s BT AR A 1) v [ o
SO T EARBRAL T 2022 4F 2 A 22 HIgsh T4 T\
JE T AR MBSO 4 (B AR ) B LA A i), v I
W S AU TTER /i T AR H PR % (B iR RS ) ¢
PR, PRRE A T 5 /i 7 AR BB R (B ) 3R
RH . WHRE R T BT 45 10 44 A7 5 /U 7 4F
AR —— G MR SRR, 5T B SCUR AR 40 44 [FlK
“H R AR R R —— R R SR RS (BRR A
L ULRRAE) o

PR 22 R HfE7E BN A I AR (KRS

R PR | AT T M A Ml A% 30 1 B 477 9 Ak A
PRIE AR 50 44 R4, AbATT R ] b o) A i Jo e
B PRSI AR . A B R PR T, U AR
BT A — B4R HARar MR b D7 A o =l ) % i

B ) SR TR
BEPPF - i B T 22 i A AR SRR R AR 44 B
(R HHR)

YIN Shuo: The 18th “Science and Technology Prize to
Young Geological Workers of the Geological Society of

China” issued

M HEBRFSET/\EFEHRRER —SBREREEZS (HEFSTER)

o 4 TARHAE HETE AL

1 Gt 53 TN B A R TN B A R
2 oL SRR AE BT 7 e IR A o E SR B 7 BT IR BT 5 BT
3 IR T EREBE MR A AR T JIRA A 4
4 IR R H TR 27 VU4 HiL R 2 4
5 R 2R Hool 2 R 2 2
6 TR GRS W) B A4 B 2 4
7 ] HR A R IR B A BR A RO A 5 B AL 2
8 Z A WA M 500 7 B A T R AR A B 2%
9 iS55 HTTLAR M5 I A WA M
10 ) VLI SR 2R R 5T B PR R )it




