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Introduction

Microbial Genome Project

Mannheimia succiniciproducens MBELDBE Thermoptesma
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Introduction

Completed genome project
at June 14 2002

I.Aer04p yrum Pfrm’x 19.Halobacterium sp.

2Aquifex aeolicus 20 Helicobacter pylori 26695

3.Arcl'mcag lobus fulgidus 21.Helicobacter pylori J99

4 Bacillus lra/odl.{@ns 22 Methanobacterium thermoautotrophicum
5'8“"/”‘_” subtilis . 23.Lactococcus lactis

6.8orrelia burgdorferi 24.Leishmania major Chrl

7.Buchnera sp. 25.Methanococcus jannaschii
8.Caulobacter crescentus 26.Mesorhizobium loti
9.campylobacter jejuni 27.Mycobacterium leprae
10.Chlomydia pneumaniae CWLOZ9 28 Mycobacterium tuberculosis
11.Chlamydia pneumoniae AR39 29 Mycoplasma genitalium
12.Chlamydlia preumoniae J138 30 Mycoplasma pneumoniae
13.Chlamydia trachomatis 31 Mycoplasma pulmonis
#4.Deinococcus radiodtirans 32 Neisseria miningitidis
15.Escherichia coli R1 33.Neisseria meningitides
16.Escherichia coli K-12 34 Pasteurella multocida
17 Escherichia coli 0157 35Plasmodium falciparum Chr2
18.Haemophilus influenzae 36.Plasmodium falciparum Chr3
and more .
B Archae: 16 [ Bacteria: 65 W  Eucaryote: 12 A S,
K Total 93 R I
wioinfomatix
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Whole-genome analysis

Introduction

1. Library construction 2. Rendom sequencing phase 3. Closure phase
,\ » ) Sequence DNA (i} Assemble sequerces
| {15,000 sequentes par Mbj e e o
{i} Isclata DNA 5 ) Close gaps
i .
i Fragmect DN T
wroome R owm S: (l’ﬂ; Em
i pr———
{i} Clone DNA GOG ACTGTIG
St
{iv} Annotation p
237 239
28
. -4 Complete.
ganome sequence

(Science, 2000)

R
wioinfomatix
Summary of features Introduction
Organism Genome  Number of Unknown Unique
size(Mbp) ORFs Function ORFs
A. fulgidus 2.18 2437 1315(54%) 641(26%)
M. thermotauto. 1.75 1855 1010(54%) 496(27%)
M. jannaschi 1.66 1749 1076(62%) 525(30%)
P. horikoshi 1.74 2061 859(42%) 453(22%)
A. aeolicus 1.50 1521 663(44%) 407(27%)
B. subtilis 4.20 4100 1722(42%) 1053(26%)
B. burgdorferi 1.44 1751 13132(65%) 682(39%)
C. trachomatis 1.04 894 290(32%)  255(29%)
D. radiodurans 3.28 3192 1715(54%) 1001(31%)
E. coli 4.60 4288 1632(38%) 1114(26%)
H. influenzae 1.83 1692 592(35%) 237(14%)
H. pylori 1.66 1657 744(45%) 539(33%)
M. tubercudosis 4.41 3924 1521(39%) 606(15%)
M. genitalium 0.58 470 173(37%) 7(2%)
M. pneumoniae 0.81 677 248(37%) 67(10%)
Synechocystis sp. 357 3168 23B4(75%)  1426(45%)
T. martima 1.86 1877 863(46%)  373(26%)
T, pallicum 1.14 1040 461(44%)  280(27%)
R. prowazekii 1.10 834 48(12%) 207(25%)
C. pneumonia 1.23 1073 437(40%)  186(17%)
A. pernix 1.67 2694 2061(76%) 1538(57%)
L. lactis 2.35 1495 398(27%) 83(6%)
45.6 44449

20726(47%) 1 1924(27%)?>
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Introduction

Post-genome Era

Genomics, proteomics, metabolomics and
bioinformatics are accelerating the
successful development of metabolic
engineering strategies at system level

R

{~ioinfomatix

Introduction

Metabolic pathway based on systems biology

metabolomics

ﬁqnsqripfomics

i 5

&quomat;x
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Introduction

Microbial systems biology

Physiology data Biochemistry datg
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Pathway reconsfrucﬁ
Analysis method /
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Introduction
Metabolic engineering
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Introduction

Microorganisms as chemical factories

Primary metabolite
Secondary metabolite
Proteins/Peptides
Enzymes

Lipid/Fatty acids
Carbohydrates

Whole cell catalyst

—)

&
a7
Rl fa

L~ioinfomatix

Introduction
Industrial microorganisms
Streptomyces ----====-=== antibiotics and other secondary metabolites
Bacillus enzyme
Corynebacterium --===-==-=======-- amino acid
Thermophilic, other archaebacteria ---- novel enzyme
Pseudomonas ------====mamreeunn bioconversion, bioremediation
Clostridium solvent production, cellulase system
Deinococcus radiation resistance
Rhodobacter photosynthesis

R

{Sioinfomatix
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M. succiniciproducens

Fermentative production

» Fermentative production > Green technology

< The industrial scale production
= requires reduction in its production cost.

< One possible way to reduce the cost of the
fermentation process
= use renewable carbon sources
(agricultural and dairy waste products)

27

{ioinfomatix

M. succiniciproducens

Succinic acid synthesis

I Chemical process l

n-Butane = maleic anhydride = maleic acid = Succinic acid

[ Fermentation |

Renewable biomass = (microorganisms) = Succinic acid

| Bioconversion I

Too expensive
Fumaric acid = (microorganisms or enzymes) = Succinic acidu..

4k

y

{(~ioinfomafix
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M. succiniciproducens

Products derived from succinic acid

Plant Growth
Stimulants

Food Ingredient
(Sait Substitute)

Flavor Additive,
Acidulant

Succinimide Intermediates

ydroxysucinimide

Corrosion Inhibitors,
Detergents, Surfactants,
and Plating Compounds

Maleic Anhydride
Maleic Acid

B

éidgfnfomaﬁx

Isolation of new succinic acid producer

Mannheimia
succiniciproducens

MBEL55E

* Isolated from bovine rumen
- Non-motile
- Non-spore-forming
~ Mesophilic

= Capnophlllc e s:%
- Gram-negative i
&oiﬁfomaﬁx
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M. succiniciproducens

16s rDNA similarity

Species :;‘::::f" Similarity (%)
Mannheinic iniciprod. MBELS5E (KCTC 07698P) AY029193 100
Mannheimia varigena CCUG 384627 AF053893 95.1
Mannheimia granulomatis ATCC 492447 AF053902 94.9
Mannheimia ruminalis CCUG 384707 AF053900 94.7
Mannheimia glucosida CCUG 384577 AF053889 94.7
Pasteurella trehalosi NCTC 11550 U57073 94.7
Pasteurella dagmatis ATCC 433257 M75051 943
Mannheimia haemolytica NCTC 93807 AF060699 94.1
Pasteurella avium NCTC 112977 M75058 940
Pasteurella aerogenes ATCC 278837 M75048 94.0
Pasteurella bettyae CCUG 20427 L06088 94.0
Pasteurella volantium NCTC 34387 M75070 93.8
Pasteurella mairii CCUG 271897 AF024532 93.8
Pasteurella multocida NCTC 103227 M35018 938 : ZI%%%
Haemophilus influenzae T M35019 925 e
Vibrio cholerae ATCC 140357 Z21856 87.8 4 ';
Escherichia coli J01695 86,6 A
f‘i
{ioinfomatix

M. succiniciproducens
Phylogenetic tree position

E.coli

Pasteurella testudinis CCUG 19802T
Pasteurella langaaensis ATCC 43328T
Pasteurella anatis ATCC 43329T
Pasteurella avium NCTC 11297T
Pasteurella gallinarum NCTC 11188T
Pasteurella volantium NCTC 3438T
T Haemophilus influenzae T (M35019)
Pasteurella pneumotropica NCTC 8141T
Pasteurella bettyae CCUG 2042T
Pasteurella trehalosi NCTC 11550

vl Succinicipraducens MBELSSE
Mannheimia glucosida CCUG 38457T
MMannhexmm haemolynca NC(':Tg 493 2840‘;1"T
Hammpeimia & CEORAR S
Mannheimia varigena CCUG 38462T
Pasteurella multocida NCTC 10322T
Pasteurella dagmatis ATCC 43325T
Pasteurella canis ATCC 43326T
Pasteurella stomatis ATCC 43327T

Pasteurella aerogenes ATCC 27883T
—{ " Pasteurella mairii CCUG 27189T

0.1
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M. succiniciproducens

Anaerobic batch culture of Mannheimia
succiniciproducens MBEL55E
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J—O~ Succinic acid
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Glucose concentration (g 1")  Cell concentration (ODggq)

Time (h)

F 10

acetic acid

Succinic, lactic, formic and
concentrations (g I'')

« Substrate
- 20 g/L glucose

 Product

- 14 g/L succinic acid

- 5.5 g/L of acetic and
formic acids g

8

KAIST g%idihfomatix

Completed for the first time in the world
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—

aioinfomatix
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Best Partner in Genomic Research
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Genome sequencing.

Overview of Sequencing strategy

1. Shotgun library construction
1. Genomic DNA preparation
2. Ligation
3. Transformation
2. High throughput Sequecing
1. Recombinant clone culture
2. DNA preparation
3. Clone end sequencing
4. Quality assessment
3. Contig assembly
4. Finishing |
1. Contig ordering & gap closing 3 Lioe
2. Manual editing
3. Low quality region confirm

Genome sequencing

Input Data Quality (total 38,911 reads)

1. 36,820 reads from small insert library
(~3.5kb)
- 22,599,739 bp(trimmed subsequence)
: avg 613.8 bp/read

- about 20 bp of vector sequence per read
2. 530 reads from fosmid library (~38.5kb)

3. 1,561 custom primer walk reads

&oﬁfométix

- 181 —




Genome sequencing

Fragment Assembly

Cloning 4
EXPREMENTS Primer Walking
Sequencing
— Quality assignment
% (PREPROCESSING | | yeri rimming

o],

‘“’[ OVERLAP DETECTION ] Overlap graph
\ Fast alignment

~— Chimera/Repeat
LAYOUT Detection
EL | Ordering and positioning |
( CONSENSUS SEQUENCE |
B, |
ﬂ Multiple Alignments g
ANALYSIS Consensus Sequence Generation,_ ;ffé
¢ I Feed back Q. r

Genome sequencing

Finishing Strategy

1. Contig#g %W L small insert subclone® ™% custom
primer walking

2. Fosmid end sequenceg ¥ 7% reassemble®H A2 Q1Y
BL contig clusterg %L

3. Isolated contig/contig cluster ¥ combinatorial PCR
EQURYERL

4. PCR product, fosmid clone B genomic DNAE template

2 custom primer walking® A441°H0 BIZXQA! gap closing

Cioinfomatix
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Genome sequencing

Contig Assembly Results

1. After shotgun phase(2001. 5.)
- 195™ Contig (34,820 subclone reads)
- 98.47% coverage ( P.mul "£)
+ 83 ™Y gcaffold® 744

2. After finishing (2001.8.)
*  One circular contig (38,911 reads)
- 2,314,078 bp

~ioinfomatix

Genome sequencing

Example of contig assembly
[Sontigea [ Contiga |

L 845 reads, 47.2 kb l

MH2A208H10.g.ab1
MH2A215C02.g.ab1
MH27204802.g.abt
MHO3008E01.g.ab1
MH27209H06.g.ab1
MH25232G01.g.ab1
MH28218E01.g.ab1
MH28207010.9.ab1
MH2A211E11.g.abt

L 610 reads, 32.2 kb st, 2.8kb l 4865 reads, 22.7kb ]

Contig182 [ contiors | | contig176 |
< >

MH2A208H10.b.ab1
MH2A215C02.b.ab1
MH27204B02.b.ab1
MHOB008EC1.b.abt
MH27209H06.b.ab1

MH25232G01.b.ab1
MH28218E01.b.ab1
MH28207010.b.ab1
MH2A211E11.b.ab1

ioinfomatix
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Genome analysis

CDSs Prediction and Annotation

One circular contig

1 prediction with Artemis etc.

v

predicted CDSs |airBASE!

annotation with BLAST

Y

JFuncTional

classification with

COGs DB iy,
Richnfomatix

Genome analysis

About airBASE!

* What's airBASEI™?
- Integrated genome annotation system
- Annotated information retrieval system
- Automatic database construction
- Client/server environment

- Simple but powerful
* easy to use, familiar graphic user interface

o

- fast and various search N
aioinfomatix
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Genome analysis

Functional supports

Sysfen? Management - Data search and
- Login system - visualization
- User management ‘ - Gene view

! - Overview

Automatic annotation and |

database construction - Keyword search

Pathway search
Function search

R

(~ioinfomatix

Genome analysis

System management

User list

Account Database
birun >
w00 null
jyong 1

peiete |

aio‘?nfomati)g
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Automatic annotation

Step 1
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Genome analysis
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Visualization and search
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in silico metabolic network

In silico metabolic network of M.s.

A0p sAwey . 2 il
1 o W ELRTEN S P
A R EEWE x , AATEX IS R . L
t z1aki6
Al z. B E T T
The Tricarboxylie Acld Cycie
28 ghtd Genome Citrale synthase ACCOA + OA -> COA+ CTT
wamA  Genome Aconitase A o, SENC -
30 dcdA Genome leocitrate dehydrogenase ICIT + NADP <-> C02 + NADPH + AK.
31 sucAB, fpdA In silico 2-Ketoglutarate delyrogenase AKG +NAD + COA-> COZ + NADH +
12 5ucCD  Genome Succinyl-CoA synthetase SUCCOA+ ADP + P1 <-> ATP + COA+
31 sdhABCL Genome Succinate dehydrogenase SUCC + FAD -> FAGH + FUM
4 frdABCD Genome Fumarste reductase FUM + FADH -> SUCC + FAD
1 fumA Genome Fumarase A FUM <-> MAL
16 mdh Gename Malate dehydrogeniase MAL + NAD <->NACK + OA
Y
27 IdhA Genome D-Lactate dehydrogenase 2 PYR + NADH <.> NAD + LAC
18 adhE In silico Acctaldehyde detrydrogenase ACCOA+2 NADH <-> ETH+2 NAD +
39 piAB  Genome Pyruvate formate fyase 1 PYR + COA-> ACCOA + FOR
40 pla Genome Phosphotransacetylase ACTOA + PI<-> ACT? + COA.
41 ackd Genome Acetate kinase A ACTP + ADP <-> ATP + AC
42 acs Gename Acetyl-CoA synthetase ATP + A+ COA -> AMP + PRI+ ACC i
ﬂ" Ansplerotic Reactlons “;f’«
41 pckd Gename Phosphoenolpyruvate carboxykinase OA + ATF -> PEP + COZ + ADP
44 ppe Genome Phosphoenolpyruvate carboxylase  PEP + CC2-> 0A+PI
g E . U] 1

e S g

ioinfomatix
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TCA cycle & pyruvate pwefabbiiiém
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Mannheimia Project

After the genome project and
metabolic engineering...

->Development of Super-Succinic acid
producer
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