HiE RS T SRRACERERE

Sulfur metabolism mediated by viruses in oil reservoirs

iCiRA G5B 3ijip
HR: GHA Him=
G5C 854



E >§ 01 8E=NAE

CONTENTS

02 dsrARNEZE D

03 RESEE




—i
-
I—
<
al




1.1 RYEPIKH (Microbial Enhanced Oil Recovery, MEOR) AT LS

PEKING UNIVERSITY

> BEEEMUFSYIRIKESERE S FE, HEYIKH
(MEOR) pi/9iREFRICRRIEEAN TN

» MEOR 7R PRI SIS, BE LA LS
R :
'}T"ZE/ELMK (COZ\ CH2\ Hz) - TET%_ﬂi’EJ:T:jJ
“ERERELEIER. EYIREY — FUHEKAEKS
‘WIS SIERYE — ReRBmRE

> HRTCFIKH, MEOR BEA:

e

=
(1
(]
-
=
=]
=1
-
=
)
-
o
=

water transition zone (OWTZ) .}ﬂZZK{EE
water leg salt content 0-17 % .%iﬁﬁy¥ = ~
plt 37 JEN B E RS

> BESHHETSEIRESNA

BB/ FFaHE <4>



1.2 iHEIM RS RHEY

> HEFEELERAR, TE— 1 ESEEERATM
MYENESES (SESESH

> ENHERIIsEE !
P g ]
TR
“TRERENARMEYD (Sulfate-Reducing
Microorganisms, SRMs) Z&

> XEREYIZ BB B B F RIS

L/
IxIEIA
/
“TRAEH
TIRIEEZN
TR
1L
Isolation
m m R / \
... ’\-\,\ A [ Methanog
.| ( Mi oorganisms‘} e
~ \\ Pl . -/ [ = SRB *.
S |\ NRB
- \ _/ —
. ,////:A%*\\\ (Fermentative -
S /" Hydrocabon SN\ N\ . o/
_ /" Degradation, EOR, \ N _
Typical Petr:fleum N \_ Sulphate Reduction,
Reservoir Oil water \\\Nitra Reduction

BIEEH FREHE

NETEE
> SRM EHEMRERS H,S A OIREE

> MERENARFEY) (SRM) BERERENIAIR:
- BRERE: (SO,%) WRAFRMH (H.S)
- ZIEEHEETEENER

H, Si&Rk :
. HEERTL
- BESRETEREN
BB T~ E
- X FEE

» EMEORZEH, SRMPBREESESEEH!
SEUKHIRER

<5>



S N »
NPT TS

PEKING UNIVERSITY

1.3 imS{EHiRPAe

ShEE el oo > IR RIS AT R I 2
7RI R T . FEAESHECHER (AMGs)

. SEECRMe ) - EERTEESSEIROREIERE

e > EREAT, RS eeEmaEE:

R .+ sat (RERELEL)

> =S ‘;,'—'\Eéj‘_ 1 R - . aprAB (APSEE) \

fﬁa%%%;zggxr STHMEYESIRE . dSrAB (SALFREAELATE)

© R SRR

+ MR SR R e e 1
> EEMMESRGS, FETHERRERE ,%ggagf el

b e TN T il S RE g

Sy 1 1 —
= CobS CobT
v v
MES>> DD PTG G D M DED DO DE> T EED DI N 0@ DE>- I

100000 110000 120000 130000 140000
[JAMG [ Others [ Viral gene [ Viral hallmark gene

i}

BB/ FFaHE <6>

C



PART 02 » dsrARZHE D




2.1 g RAiFhERE (KEGG map00920)

O—3.12.11 > OF——————

’ 1855 |—-.

G

| I
[TautCRE]  [SsubCE]
l l 18122

Alkane-

Thiosulfate

Taurine sulfonate A
[L1117]  [114145]
1812]
e 1871
! 531 [ bar [1871]
—hofF——is31 |- oe—1812 o 18510 or———
Sulfate ¥ 13856 /—,—E Sulfite [DsrC protein]-trisulfide Isll“ldc

[2774][2775][3621]

[1245 |[18992][1342 |

f—
A
Aps O

Methane-
o sulfonate

Lasin|[11aam] —

\1 ethane —
Methyl-CoM

(Sulfide

O 112084 O 1854

)1 (Sulfide) »

S-Sulfanylglutathione

r)m [1145131]

[27125]  [3137]
Dimethyl-
sulfone”

PAPS d S

—  J1853|
3622 DMSO

© -— 1824

Propanoate
—————— Lo A

FIEBH FEAE

SO
T W T Methanethiol

UNIY

MRERER T
- g MESELARTEGLTENE (SAT)

« H[A: sat
- RRi: SO,2 +ATP — APS + PPi

¥

APSIA|R

- fig: BRETEAHES

« HHE: aprA, aprB
« ZM: APS + 2e” — SO,2-+ AMP

XREE (APR)

)Ib A:H\LJ?

@ IR EhiAREg (DSR)
. EI. dsrA, dsrB
* RMN: SOz% +6e” — S + 3H,0

ANEL 73 Y

PEKING UNIVERSITY

<8>



=] 5 Z J
2.2 dsrA ERMNMAIKHE N e 7 )P
Gvs”  PEKING UNIVERSITY
Dissimilatory sulfate reduction and oxidation
Sulfate O#——] Sat |—wO [ sprsB | O [ Da | »O Sulfide
APS Sulfite

Sulfate(extracellular)
Sultate(mtracellular)

[‘EE'E
l / U IE'H./: SAT 0

Pyrophosphatase ppa % ;I_’ ] J? AP R a.p rA B 2 6'

¥ PP1+H.O _ 2P
\

=APS E_Ei,g@g DSR dsrAB 6e-

APS reductase

AMP.

Sulfite (SO -) Adenylate kinase
ndk

o > DS RE’J?E%iﬂz{j

T A 3" —phosphatase Z__J—JE }i}_\_gml—
Sulfate reductase 4 " P |E_]EE;¥ : 6/\EE;¥1_ 1%1_

NADP | l\ F #@ |‘$ H SE%ZE}“_ #%-H_j:ZEﬁ‘:_%ﬁj
sulte (507 BEEMS '5)" FERERZ A REX

Sulfide 1 8*)
(suewmacE)

Sulfide (S*)

BIEEH REHE <9>



-~

o

2.3 dsrA EEISEBREXE

% Q59109 - DSRA_ARCFU

Protein’ | Sulfite reductase, dissimilatory-type subunit alpha

Gene' | dsrA
Status’ | % UniProtKB reviewed (Swiss-Prot)

Organism’ | Archaeoglobus fulgidus (strain ATCC 49558 / DSM 4304 / JCM
9628 / NBRC 100126 / VC-16)

*UniProt ID: Q59109

*Entry Name: DSRA_ARCF

EHBFR: D|55|m|Iatory sulfite reductase
alpha subunit

EEYDFHR: Archaeoglobus fulgidus ([RIKRS
H4EKE)

DR EER T aREl ] — BEKEN - GEk
®H — HEER

BIEEH FREHE

:éﬂtxi‘g

598 PEKING UNIVERSITY

Amino acid4g 418 (go to sequence)
Protein existence’ | Evidence at protein level

Annotation score! | @

E:u{l lfﬁl! L., HEEE RIS

HREER 83 C (B=iE

ﬁgT’k’*” MERIIAIR GO E (SHESRMI
A[E])

-EEMY: ENEEESIMBREARRE) 2 —,

R R A ERER IS %E’J*E AR

<10 >



S P

PEKING UNIVERSITY

2.4 dsrA By

MUTER S S

Gene Ontology (GO) annotations organized by slimming set.

Slimming set:

Fe-
Bacteria and Archaea (Prokaryotes) /
S Fe-
\,q\ @
N »¢ &
© 'S BN
> > Q
\vc\ y\_O( i o %é\ 5 o
S s(bo N N & P
QO A o G & SIS
A RCSNT RN S N & < &
S S oS S S F e o 28 — Fe
S S SRS oz & o S8 $o SIS
& & SUTE @O 0T S O @ o Ll &
Qc}' ’\.OK‘\ &z’ \,\\'\ A\Q\‘O\(\\é d\ : OQ "\(DQ&'.DQ‘{‘\O(@Q)‘%\'Q’\\)O Ocp(@lo \oo\ﬁé\@/\' %QOQ‘O 2 (\09\\0%\0@& ’5\'\ do
& N O ™ F & o S o X R P @I L P SR p oo Fe NSRS\
& . SO OIS NI R S e O ARERE P60 DS SIS ~ 0 SR S NS
o) > NN ’O\Q’b I .~\0'D{‘(®%00 2 0O AL LS & & O DT RO
& FP0 P F# ot Ll F o (TE R O (P D¢ I N ST SRS $° 0@ O (O S
I Y I S A I N N S AN Fe-
N (@) O~ 0 (@) R N O
R 'S & @*o,b@‘{\oe@( o@(@Qo,@_ \b‘o\\o@%\\@(@ SASE A & 3¢ ,&e‘ & & @6\@’ q&@@ 3° é—\\o PSP é\% & \@’%\ » <8 \\a\,\o“;@é
P PN FLCIEN ST SO TITL LTS PFEFFELFFERLCITFTNROSTS@E S

B = |

Cell color indicative of number of GO terms

ASPECT TERM
Molecular Function 4 iron, 4 sulfur cluster binding 2 [ —Se&Fee‘UﬁrPfeﬂéBAéWJH 4Fe-4Sf‘j—§
Molecular Function dissimilatory sulfite reductase (NADH) activity [Z

Molecular Function heme binding [4 Siroheme

Molecular Function metal ion binding[¥ | Source:UniProtkB—KW |

Molecular Function sulfite reductase (ferredoxin) activity [Z | Source:TreeGrafter |
Molecular Function sulfite reductase activity[Z | Source:TreeGrafter |

Biological Process sulfate assimilation[Z [ Source:TreeGrafter |

BB/ FFaHE <11 >



2.4 dsTA BUERMEIE R SEEE SR @iy
> Wm0 BEFESR
CHEBL:49883 [ 4Fe-4S)fE + Siroheme (M%) = RARBETF CHEBI:60052
Fe- T
/ L EHEF FEE%%@ 5&t
FE'/

[4Fe-4S]ﬁ§'%’f$ : SlrohemefF—; I

E\A’t —_I'Z—[4Fe 48]1+/2+|Ejtﬂ}% ° Ejg él:l I:l?:l:lﬁﬂs:l]: )Ib A_-_|;|\

*_:_:leri @?&E\,ﬂﬁ%mgyjj[fﬂ:e -4S] * Dﬁ 12" 3&@&1%% (I[ﬁﬁ LE@E)

BB/ FFaHE <12 >



CLI »
H I OIN A D
2.4 dsrA RIBCTERS SN o D IeriS
I50% PEKING UNIVERSITY
I 6|0 1(;0 15IO 260 U |_| 2%0 3{I)O 3%0 4(|)O I
210 238
] [
|
P Y K F K I K C A G C P N D C v A S K A R S D F A I I G T

tv  TYPE ID POSITION(S) DESCRIPTION

+ Binding site 176 [4Fe-4S] cluster 1 (UniProtKB | ChEBILZ ) (™ 2 publications | (™ Combined Sources |

+ Binding site 182 [4Fe-4S] cluster 1 (UniProtKB | ChEBILZ ) [ 2 Publications| [ Combined Sources |

+ Binding site 220 [4Fe-4S] cluster 1 (UniProtKB | ChEBI[Z ) [ 2Publications| [ Combined Sources |

+ Binding site 224 [4Fe-4S] cluster 1 (UniProtKB | ChEBILZ ) [ 2 publications| [ Combined Sources |
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+ Binding site 289 [4Fe-45] cluster 2 (UniProtKB | ChEBI L7 ) (™ 2 publications | [ Combined Sources |

+ Binding site 292 [4Fe-4S] cluster 2 (UniProtKB | ChEBI L7 ) (™ 2 publications| (™ Combined Sources |
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Projects

As the name of this courses implies, we focus on the application of bioinformatics tools to solve real problems in biclogical research. We chose several samples as working projects to learn how to find the literature, how to obtain
sequence and structure data, and how to do the analysis step by step, and how to make a summary from the analysis results. You are most encouraged to work on your own projects during the course.

= BGH - Segeunce, structure and function analysis the bar-headed goose hemoglobin.

= CEA - Protein engineering of carcinoembryonic antigen.
= SBP - Systematic analysis of the Arabidopsis transcription factor family of Squamosa-promoter binding protein.

= PPF - Sequence analysis of Pisum sativum post-floral specific gene.

= MDR - Gene prediction and dotplot analysis of fugu multi-drug resistance gene.
= AFP - Structure comparison of spider toxins and prediction of antifungal peptide.
= HMT - Sequence and structure comparison of human metallothioneins.

= IVN - Analysis of influenza virus neuraminidase.

About le Literatures Databases Tools Manuals Practices Talks Projects Seminars

2 Decej@ber 2025, J Luo, CBI and Bio, PKU, Beijing, China

Virus Information Resources
*RCoV19 - Resource for Coronovirus 2019 at China National Center for Bioinformation (CNCB).

ViralZone - Viral classification and general information on virus at Swiss Institute of Bioinformatics.

Virology-101 - Scientific stories about virus at TWiV.

Influenza-101 - Scietific blogs about influenza.

Viro3D - Structure-Informed Map of the Human and Animal Virosphere at Center for Virus Research, University of

Glasgow, UK.
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