Echoo]lfﬁof L*,ii[fe S%:ien?é chr@bll&gy

*hapter 13

Microbial genetics

part 1

Deep in the cavern 0/[ the [n/fam"s breast The ﬁz‘/zer’s nature lurks, and lives anew

Horace ,Odes
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But the most important qualification of bacteria for genetic studies is
their extremely rapid rate of growth. . ..
—R. F. Weaver and P. W. Hedric
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1800

1950

2000

1 1865 Genes are particulate factors
13?1 Discovery of nucleic acids
‘1903 Chromosomes are hereditary units
1910 Genes lie on chromosomes

1913 Chromosomes are linear arrays of genes

1927 Mutations are physical changes in genes
1931 Recombination occurs by crossing over
1944 DNA is the genetic material

1945 A gene codes for protein

TS

1951 First protein sequence
~~—1953 DNA is a double helix
\1955 DNA replicates semiconservatively
1961 Genetic code is triplet

1977 Eukaryotic genes are interrupted
Y19?7" DNA can be sequenced

\-1 995 Bacterial genomes sequenced
¥ “—2001 Human genome sequenced
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Classicimage of a cow with
BSE. A feature of such disease “
is the inability of the infected PrP¢ a-helix PrP* p-sheet

animal to stand.

normal BSE
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1.Mix R cells and

DNA extract from
S cells (treated or

untreated).

_—

No DNA —
no transformation

2.Allow DNA
to be taken up
by R cells.

|

TypeR Type S
cells DNA extract

-

DNA —
transformation

3.Add antibodies

untransformed
R cells to aggregate.

Type S
DNA extract

+
DNase

_

DNA destroyed —
no transformation

4.Gently centrifuge

to remove aggregated
R cells, leaving only

S cells.

Type R Type S
cells DNA extract
4
RNase

DNA but no RNA —
transformation

Some Experiments on the Transforming Principle.

Zie: DNAMEABEMR, #HREER, BRIRBSHENAREKREE T

A& T RS R
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5.Plate sample
of mixture
and incubate

Type R TypeS
cells DNA extract
K
protease

DNA but no proteins —

transformation

F H 5] .1944

Oswald Avery
(1877~1955)
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Watson and Crick published the article(below) in NATURE in 1953

wo.ssss  April 25, 1953

equipment, and to Dr. G. E. R. Deacon and the
captain and officers of R.R.S. Discovery II for their
part in making the observations.
‘Yn\(lﬁéuF B., Gerrard, H., and Jevons, W., Phil. Mag., 40, 149
* Longuet- Higgins, M. S., Mon, Not. Roy. Astro. Soc., Geophus. Supp.,
5, ZS ( 9&!))
* Von Al
) ot
4Ekman, V, W,,

‘Woods Hole Papers in Phys. Ocearog. Xeteor., 11

Arkiv, Mat, Astron. Fysik, (Stockholm), 2 (11) (1905).

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish to suggest a structure for the salt

of deoxyribose nucleic acid (D.N.A.). This
structure has novel features which are of considerable
biological interest.

A structure for nucleic acid has already been
proposed by Pauling and Corey*. They kindly made
their manuseript available to us in advance of
publication. Their model consists of three inter-
twined chains, with the phosphates near the fibre
axis, and the bases on the outside. Tn our opinion,
this structure is wunsatisfactory for two reasons:
(1) We believe that the material which gives the
X-ray diagrams is the salt, not the free acid. Without
the acidie hydrogen atoms it is not clear what forces
would hold the structure together, especially as the
negatively charged phosphates near the axis will
Tepel each other. (2) Some of the van der Waals
distances appear to be too small.

Another three-chain structure has also been sug-
gested by Fraser (in the press). In his model the
phosphates are on the outside and the bases on the
inside, linked together by hydrogen bonds. This
structure as deseribed is l'u'hcl' lll defined, and for

this reason we shall not comment;
on it.

We wish to put forward a
radically different structure for
the salt of deoxyribose nucleic
acid. This structure has two
helical chains each coiled round
the same axis (see diagram). We
have made the usual chemical
assumptions, namely, that, each
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i¢ & residue on each chain every 3-4 A. in the z-direc-
tion. We have assumed an angle of 36° between
adjacent residues in the same chain, so that the
structure repeats after 10 residues on each chain, that
is, after 34 A. The distance of a phosphorus atom
from the fibre axis is 10 A. As the phosphates are on
the outside, cations have easy access to them.

The structure is an open one, and its water content
is rather high. At lower water contents we would
expect the bases to tilt so that the structure eould
become more compact.

The novel feature of the structure is the manner
in which the two chains are held together by the
purine and pyrimidine bases. The planes of the bases
are perpendicular to the fibre axis. They are joined
togother in pairs, a single base from one chain being
hydrogen-bonded to a single base from the other
chain, so that the two lie side by side with identical
z-co-ordinatos. One of the pair must be & purine and
the other & pyrimidine for bonding to occur. The
hydrogen bonds are made as follows : purine position
1 to pyrimidine position 1; purine position 6 to
pyrimidine position 6.

If it is assumed that the bases only occur in the
structure in the most plausible tautomeric forms
(that is, with the keto rather than the enol con-
figurations) it is found that only speeific pairs of
beses can bond together, These pairs are : adenine
(purine) with thymine (pyrimidine), and guanine
(purine) with eytosine (pyrimidine).

In other words, if an adenine forms one member of
@ pair, on either chain, then on these assumptions
the other member must be thymine ; similarly for
guanine and cytosine. The sequence of bases on a
single chain does not appear to be restricted in any
way. However, if only specific pairs of bases can be
formed, it follows that if the sequence of bases on
one chain is given, then the sequence on the other
chain is automatically determined.

Tt has been found experimentallys* that the ratio
of the amounts of adenine to thymine, and the ratio
of guanine to cytosine, are always very close to unity
for deoxyribose nucleic acid.

Tt is probably impossible to build this structure
with a ribose sugar in place of the deoxyribose, as
the extra oxygen atom would make too close a van
der Waals contact.

The previously published X-ray data®* on deoxy-
ribose nucleic acid are insufficient for a rigorous test
of our strueture. So far as we can tell, it is roughly

chain consists of di-
ester groups joining B-p-deoxy-
ribofuranose residues with 3',5°
linkages. The two chains (but
not their bases) are related by a
dyad perpendicular to the fibre
axis. Both chains follow right-
handed helices, but owing to
the dyad the. sequences of the
atoms in the two chains run
in opposite directions. Each
chain loosely resembles TFur-
berg’st model No. 1; that is,
the bases are on the inside of
the helix and the phosphates on
:{:'l‘émf‘.%ﬁm“wﬁfm the outside. The configuration
ribbons B)mbollze the of the sugar and the atoms

phosphate —sugar - near it is close to Furberg’s
Sontal'rods the pairs of  ‘standard configuration’, the
bw’“’“‘"‘““““ﬂf_“l sugar being roughly perpendi-
line marks the nbre axis  cular to the attached base, There

ible with the d ﬂala, but it must
be regarded as unproved until it has been checked
against more exact results. Some of these are given
in the following communications. We were not aware
of the details of the results presonted there when we
devised our structure, which rests mainly though not
entirely on published experimental data and stereo-
chemical argumonts.

It has not escaped our notice that the specific
pn ng wo have postulated immediately suggests a
le copying mechanism for the genstic material.

Full details of the structure, including the con-
ditions assumed in building it, together with a set
of co-ordinates for the atoms, will be published
elsewhere.

Wa are much indebted to Dr. Jorry Donohue for
constant advice and criticism, especially on inter-
atomic distances. We have also been stimulated by
a knowledge of the general nature of the unpublished
experimental results and ideas of Dr. M. H. F.
Wilkins, Dr. R, E. Franklin and their co-workers at

738 NATURE

King’s College, London. One of us (J. D. W) has been.
aided by a fellowship from the National Foundation
for Infantile Paralysis.
J. D. Warsox
F. H. C. Crick
Medical Research Council Unit for the
Study of the Moleeular Structure of
Biological Systems,
Cavendish Laboratory, Cambridge.
April 2]

* Paul and Corey,
N et 5 8 (L)
* Vurberg, S., Ada Chem. Scand., 8, 034 (105:
*Chargaff, E., for references see Zamenhof, §., Brawerman, G.. and
Chargafl, E., Biochim. ¢t Di b:/:,,u!n, 9. 402 (1052).
'M 0 E J. Uf'rz Pﬁwsal 38, 201 (195
- T, Symp. Soe. Exp. Biol, I.Nuﬂc!c Acid, 66 (Camb.
T Prese, 1017

Wilkins, M. H. F., and Randall, J. T., Biochim. et Biophys. Acta,
10, 192 (1953).

ature, 171, 546 (1958) ; Proc. U.S.
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Molecular Structure of Deoxypentose
Nucleic Acids

WHILE the i of deoxypentose
nueloic acid suggest a molecular sbructure con-
taining great complexity, X-ray diffraction studies
described here (cf. Astbury?) show the basic molecular

has great . The purpose of
this communication is to describe, in a preliminary
way, some of the experimental evidence for the poly-
nucleotide chain configuration being helieal, and
existing in this form when in the natural state, A
fuller account of the work will be published shortly.

The strueture of deoxypentose nucleic acid is the
same in all species (although the nitrogen base ratios
alter considerably) in nucleoprotein, extracted or in
cells, and in purified nucleate. The same linear group
of polynucleotide chains may pack together parallel
in different ways to give erystalline!-3, somi-crystalling
or paracrystalline material. In all cases the X-ray
diffraction photograph consists of two regions, one
determined largely by the regular spacing of nueleo-
tides along the chain, and the other by the longer
spacings of the chain configuration. The sequence of
different nitrogen bases along the chain is not made
visible.

Orionted paracrystalline deoxypentose nueleic acid
(‘structwe B in’the following communication by
Franklin and Cosling) gives a fibre diagram as shown
in Fig. 1 (cf. ref. 4). Astbury suggested that the

-4-A, reflexion corresponded to the inter-
nucleotide repeat along the fibre axis. The ~ 3¢ A.
layer lines, however, are not due to a repeat of a
polynueleotide composition, but to the chain con-
figuration repeat, which causes strong diffraction as
the nucleotide chains have higher density than the
interstitial water. The absence of reflexions on or
near tho meridian immediately suggests a helical
structure with axis parallel to fibre length.

Diffraction by Helices
It may be shown® (also btuke-s unpublished) that
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Flg. 1. ¥ibre diagram of deoxypentose nucleic acid from B. coli
Fibre axis vertical

the innermost maxima of each Bessel function and
the origin. The angle this line makes with the equator
is roughly equal to the angle between an element of
the helix and the helix axis. If a unit repeats » times
along the helix there will be a meridional reflexion
(J % on the nth layer line. The helical configuration
produces side-bands on this fundamental frequency,
the effect? being to rep the intensity

about the origin around the new origin, on the nth
layer line, corresponding to ¢ in Fig.

We will now briefly analyse in physical terms some
of the effects of the shape and size of the Tepeat unit
or nucleotide on the diffraction pattern. First, if the
nueleotide consists of & unit having eircular symmetry
about an axis parallel to the helix axis, the whole
diffraction pattern is modified by the form factor of
the nucleotide. Second, if the nucleotide consists of
a series of points on a radius at right-angles to the
helix axis, the phases of radiation scattered by the
helices of different diameter passing through each
point are the same, Summation of the corresponding
Bessel functions gives reinforcement, for the inner-

the intensity distribution in. pattern
of a series of points equally sp.ﬂ.Led along a helix is
given by the squares of Bessel functions. A uniform
continuous helix gives a series of layer lines of spacing
corresponding to the helix pitch, the intensity dis-
tribution along the nth layer line being proportional
to the square of Jy, the nth order Bessel function,
A straight line may be drawn approximately through

A A 2
Al A B
ala O
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= )
l o

2, Diftration pattorn of svstem of nelices comesponding ta
of deoxypentges nuclele ‘The snuares of Bessel
Bonotions gre ploited iator ahct on tho M,
SoEant Y nd MHCN Toger Hndh (o8 ot of e mclestids mash
at lameter and remainder distributed along a radius, the
mass at a given radius being rropnrlionnl 10 the radins. About
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Questions:

1. Define genome, genotype, and phenotype.
2. Briefly summarize the experiments of Griffith; Avery, MacLeod, and Mc-

Carty; and Hershey and Chase.What did each show, and why were these
experiments important to the development of microbial genetics?
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T HBRG AT Prion
(proteinaceous infectious particle)

PrPsc ( scrapie-associated prion protein)

Prion normal : PrP Prion anormal : PrPsc

 hada|

food PrpPS€

|

L RNEHAERH: REBREEEYR. RS2
Ha? MRAR, BLERBTHA? £a53EEme
IEH PrPei&{k A PrPsc b R FRAFAELG? £ “JEBE” IR “IPIIME” ?

Classicimage of a cow with
BSE. A feature of such disease
is the inability of the infected PrP¢ a-helix

PrPs¢ pB-sheet

animal to stand.
normal BSE
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$ 18R R . EEE R AR
HE (gene) HESKEDR _

1.Mendel KjiE/EHF

2. geta ik b R AL T e AL
3. HBEIEIIEEFIDNA I B,
4. SEEEW) T RS BT
5. A FEIZIRERIE R F 5]

#[K (gene) :R—/MMLEEE, REFNERERFRE
I E L F5] (DNA or RNA) IR R B /N
Re AL, ﬁlﬂﬁj‘ﬁﬁﬁy EERA R, WEALE S AL R
SRBERT, & Aﬂiﬁﬁéﬁﬁ%ﬂmﬁatﬁﬁfﬁ%ﬂ (1909--2008)
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(bacteria) . (archaea) [H:[x

WG EERMEER, ARgiDERE. J5E T

AL HEDNA, rDNAJERR . S A
-+ (operon) #ity, BIJLANIhA

(ANE W& T (intron) ; DNAFY Uﬂﬁﬁf%&%
EAHOC R R ER B HES, A~ FH— AN a3 T

(promotor) ,[FIAf 4% (transcription) [FEf#PE (translation) , [R5 MIHY)

A% D) e AL
FAZ A ) B R

L E (yveast) , B (fungi) FMEAEZNY) (protist) EKRAEWNE T (intron),
IEEEINTEN, — RN EBT
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TVETPAN b RO O O S Fates RNA polymerase recognition site
TATm__ RNA polymerase binding site
/ (Pribnow box)
-100 -50 '\ 25 ) NS
| Gercaatbox | N 35 -10 +1
u ——
Y
promotor leader coding region trailer = Teminator
Transcription— ———0u _ ~—
Transcription — ————__~—
Shine-Dalgarno
pre-mRNA 5° v - T P P G sequence
\ ;' N ;' \ "' or
Y ; ' : \ ! A AUG
. ) v “ mRNA 5 - '
intermediate mRNA 5° AAA---3
leader
translation start translation termination
initiation coden stop coden
mRNA 5 AAA---73

eucaryotic mRNA synthesis procaryotic mRNA synthesis
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MICROORGANISM | PROCARYOTES EUCARYOYTES m

Chromatin, plasmids, haploid Chromosome, haploid, rare

GENOME diploid plasmid, chloroplast.
mitochondria
GENETIC MATEIAL DNA DNA
SIZE <10M >10M
COMFORMATION circle or linear linear including linear
HISTONE histone-like protein yes
GENE CLUSTER yes yes
SECONDARY METABOLISM GENE yes yes
TELOMERE yes or no yes

Haploid

DNA or RNA
<0.5M
linear or circle
no
no
no

no

" I <906,
Sl E NG
Sn s 3
N o
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m Estimated NMumber of Genes Involved in Various Cell Functions®

£
E v
= 1= = g o
o = = = £ 3 S
= = = § 2 2 s -
S = - = S S E :% =
s 5 g s = s S - =
= 3 2 = S £ g g
2 e = = £ = S S8 8
2 = g 2 £ S = s E g
- = =] = - = = s =
Gene Function [T ) = [ = [ [ = = . a.
Approximate total number of genes" 4,289 4. 100 484 1.040 834 894 4.425 1.728 1,765
Cellular processes® 190 374 6 77 40 46 132 26 64
Cell envelope components 172 185 29 53 74 45 152 25 106
Transport and binding proteins 315 400 33 59 49 a8 168 56 140
DNA metabolism 102 122 30 5l 63 48 68 53 63
Transcription 41 114 13 25 26 18 40 21 37
Protein synthesis 122 161 90 99 104 133 110 118 108
Regulatory functions 176 293 5 22 26 12 165 19 66
Energy metabolism" 368 439 33 54 89 56 234 158 180
Central intermediary metabolism*® 73 96 7 (] 19 12 293 19 79
Amino acid biosynthesis 114 143 1] r 13 18 91 G4 76
Fatty acid and phospholipid metabolism 67 84 8 11 22 27 158 9 18
Purines, pyrimidines, nucleosides. and nucleotides 77 81 19 21 19 14 57 37 51
Biosynthesis of cofactors and prosthetic groups 100 113 5 15 24 27 109 50 53
*Dwata adapied from TIGR (The Instifute for Genomic Research) databases.
*The number of genes with known or hypothetical functions.
“Genes involved in cell division, chemotacds and modility. detoxification, transformation, tocdn production and i ce, path is. adapiations to atypical conditions, efc_
“Genes involved in amino acid and sugar catabolism, polysaccharide degradation and biosynthesis, electron ransport and oxidative phosphorylari ferm ion, glycolysisfgluconeogenesis, pentose phosphate

pathway, Entner-Douwdorofi. pyruvaie dehydrogenase, TCA cycle. phoiosynihesis. chemoautotmophy, efc.
"Amino sugars, phosphoms comp ds, polyamine biosynthesis, sulfur hali nitrogen fixation, nitrogen metabolism, etc.
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Genome of E.coli Genome of Saccharomyces Gene of Methanococcus
cerevisiae Jjannaschii

THMA%, IR E)R, 4-5.45M; 1644 R v f4%,13.5M; T, Bk, 1.66M;
DNAZE & HE AR R AR B4 B & 2R ki ; FHEA;

- 2R I S g 1y btk A IR YR 5 B R

WA b A ZH R H A R BEHHN T,

WAL {5 B E LM ®E HE BN FLEH; TLHEF;

K HI B TS5 EENENETF; B, HXMBERLUEZEY;
G R B IR ) B DL #1200/ T rDNAFItDNAE: FH40%HERS5EZAEA R
T/ Al .
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MEYS NRERA TR
ANKERATTR] (Human Genome Project)
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20066 A, B Ja4ee il 7 5e Rk

JEEF AR (Postgenomics Era)
(functional genomics)
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OTTOM LEFT: ERIC GREEN

Nature: 2015 Oct 1;526(7571):29-31

Twenty-five years
of big biology

The Human Genome Project, which launched a quarter
of a century ago this week, still holds lessons for the
consortium-based science it ushered in, say
Eric D. Green, James D. Watson and Francis S. Collins.
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MAEVIREEAHZ (microbial genomics)

43

MAZERAN > THR, BEEBMELEY.

genomics-

structural genomics

— functional genomics

Microarray picture

A prerequisite to understanding the complete biology of an organism is the
determination of its entire genome sequence.

—J. Craig Venter, et al.
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Geobacter sulfurreducens PCA B 1 3.81 61
1995, J. Craig Venter, Hamilton SmithMIEEEHF s s > : :
] " g ] Halobacterium sp. NRC-1 A 1 2.01 68
A N \ N ) Helicobacter pylori B 2 1.64-1.67 39
\) A Y, =
= )\ y ‘[, ’ Listeria monocytogenes B 2 2.9 37-39
\ Methanobacterium thermoautotrophicum A 1 175 49
TER T AR AR, 95054480, oo : A
H - ° Y Mycobacterium leprae B 1 3.27 58
A M Mycobacterium tuberculosis B 2 4.40 65
KRBT 240N2HHNA, HETABS635NEAEA. o : : o
Mycoplasma pneumoniae B 1 0.82 40
i % ° EF] @ Bq i_b‘ * g g Z\ 'Efl Nanobacterium equitans A 1 0.49 32
2 Neisseria meningitidis B 3 2.18-2.27 51
Prochlorococcus marinus B 3 1.66-2.41 31-51
m Examples of Complete Published Microbial Genomes Pseudomonas aeruginosa B 1 6.26 67
. Pyrococcus abyssi A 1 177 44
) Number of Strains ) Pyrococcus horiksohii A 1 1.74 12
Genome Domain® Sequenced Size (Mb) %G+ C o p T AT IeTE B 1 5.46 65
Agrobacterium tumefaciens B 2 4.92 60 Rickettsia prowazekii B 1 111 29
Aquifex aeolicus B 1 1.55 43 Saccharomyces cerevisiae E 1 12.14 38
Archaeoglobus fulgidus A 1 218 48 Salmonella enterica serovar Typhimurium B 1 4.86 50-53
Bacillus anthracis B 14 5.09-5.23 36 Staphylococcus aureus B 7 2.80-2.90 33
Bacillus subilis B 1 421 a3 Sueplococcus mians ; ) o o
Borrelia burgdorferi B 1 1.44 28 TEpIOCOCCLS pRetmoriae :
Cs lobacter iefuni B 1 164 31 Streptococcus pyogenes B [ 1.84-1.90 39
APy Je ’ Streptomyces coelicolor B 1 8.67 72
Caulobacter crescentus B 1 4.02 62-67 Sulfolobus tokodaii A 1 2,69 33
Chlamydia pneumoniae B 2 1.23 40 Synechocystis sp. B 1 3.57 A7
Chlamydia trachomatis B 2 1.05-1.07 41 Thermaplasma acidophilum A 1 1.56 46
Chlorobium tepidum B 1 2.15 57 Thermotoga maritima B 1 1.86 46
Clostridium perfringens B 1 3.03 29 Treponema pallidum B 1 1.14 52
Corynebacterium glutamicum B 1 3.31 55-58 Vibrio cholerae B 1 4.03 48
Deinococcus radiodurans B 1 3.06 67 Yersinia pestis B 3 4.60-1.65 48
Escherichia coli B 6 1-5.45 50 Yorsinta pseodotubercriosts . - 4.1 =i

*The following abbreviations are used: A. Archaea: B, Bactenia; E. Evcarya.
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ASAEEBER I FF (pyrosequencing) i A-20054
%&@ﬂﬂ?&*%ﬁgﬁ 3 % Pjﬁﬁ}’(DNA?@ Iterative additions

> GATP — > dCTP —» dGTP —— dTTP
K )&, TEDNAZ 4 B (DNA polymerase) . ATP v
MER B (ATP sulfurytase). XX & B o
(luciferase) F1 = BB B4 S o e YIK Tecchcragd o
(Apyrase) 4 EEH M FIER T, ¥olmt& e PPi e Z’ "33;52"’235}

—ANTPEY R & 5 — KB 5 MR AL A B ”Amwmw

ATP + SO,

}‘%;}E . ﬁ ﬁ*&ﬁﬂ% % ﬁl\]&ﬁkﬁn ﬁfg ’ ﬁgﬂ gg D-luciferin —L—/Lucif:iase Iuciferin AMP + O,
S EDNAR 70 B B . B BBR IR BRI K

Luciferase + oxyluciferin + AMP + CO,

MR o KA R, R EEE. W5 A4 S ’?
FrEEA R . RKALRM A5 —BEBLARER ﬁ

(adenosine— 5’ -phosphosulfat, APS). %% ,_U\UJ‘ULU,_iJJJ_‘J__L_lLLLIJ_LU_J&L

. . ) cco
* & (luciferin) » Nucleotide addtion order i

——
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Early days: a DNA-sequencing lab in 1994. By 2006, DNA sequencing required much less manpower.



%hoofﬁof ﬁfe S%:iencl?g MXCF@bI|§gy

Structural genomics is the study of the physical nature of genomes. Its
primary goal is to determine and analyze the DNA sequence of the genome

1. Library construction.

—GCGACAT—

2. Random sequencing.
+ddA_~"+ddG / +ddC ~_ +ddT

—GCGACA —GCG —GCGAC —GCGACAT 3. Fragment alignment and gap closure.

~GCGA -G -GC
4. Editing.

Mix and electrophore 0 ) A TCACTCCAGCT TGAAGCAGT TCTTCTC
500 510 520

WOom>PrOr-

(b)
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The base-by-base comparison of two or more

gene sequences is called alignment.

the nucleotide sequences are so alike that they
most probably arose through gene duplication;
such genes are called paralogs.

Alignments of genes found in two or more
different organisms may reveal that they are so
strikingly similar that they are predicted to have
the same function; these genes are called

orthologs.

Reading |
frames

DNA

Reading |
frames

MXcrebi:lsgy

Functional genoMICS is concerned with the way in which the genome functions. That is,
it examines the transcripts produced by the genome and the array of proteins they encode.

Reading direction for sequence of top DNA strand —=

M-ile leu phe arg val ile arg pro thr arg asn phe thr|  arg-C
MN-tyr phe ile ser ser asn ser thr leu asn ala lys leu his leu thr-C
M-leu phe tyr phe glu|  |phe asp leu lys arg glu thr ser leu asn-C

3
2
1
5 TTATTTTATTTCGAGTAATTCGACCTTAAACGCGAAACTTCACTTAAC 3
Sf
(3
2
1

AATAAAATAAAGCTCATTAAGCTGGAATTTGCGCTTTGAAGTGAATTG 5

C- lysile glu leu leu glu val lys phe ala phe ser lys val -N
C-ile lys asn arg thr ile arg gly val arg phe lys val arg -N

C-asn lys ser thr asn ser arg leu arg ser val glu ser leu ser-N

-o—— Reading direction for sequence of bottorm DNA strand
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Consensus helical region

[ Escherichia coli PFRFI EEEKIKGFL- - - KRLF|GG 270
S. entericaserovarTyphimurium P F R F | EEE KIKGFL - - - KRL FIGG 270
Gram-negative Y:_s-rsfniapestfs PFRFVEEEKKGFL--- KRLF|GG 270
Bacteria | Vibrio cholerae | EFRFLTEAKKGI F- - - KRLF|GG 276
Pseudomonasaeruginorsa P HR FL DV QKIKGFL - - - QRLF|IGGRE 27
Neisseria gonorrhoeae EMRFLEAEKKSFF-- - KRLF|GG 271
_ Xylella fastidiosa PMRFTTVEKKGFF- - - SKLF|GG 269
Staphylococcus aureus | Al EETQTKKKGF W- - - SRL F|GG 245
Gram-positive | Listeria monocytogenes PLMSI|I ETKKAGFFARLIKAOQLF|S GK 2066
Bacteria | Clostridium acetobutylicum P F E K Y ETQ-|TGF I AAIl KKI F|S K 263
_ Bacillus subtilis PLQVLEEQNKGMMAKI KSF FIGV RS 268
Hyperthermophilic | Aquifex aeolicus PLKRYG- EKIKGLL- - - SRLL|GG 262
Bacteria | Thermotoga maritima LENDFVTVSIKGLI DTLKDFF|ISKLKRG?22M1
[ Methanocaldococcusjannaschi E D El K1 | RKIES F I DKI KRLFIRMY 263
Archaea | Archaeoglobus fulgidus PAEVKEKKKEGALAKMLRI FIRRR 263
|_ Pyrococcus furiosus TPPEPESPVIKRI F- - - KALF|IGGKR 2064
Spirﬂchates__Bﬂrreﬁaburgdorferf LDNRKRRGV||l GFI - - - LRFF|GVE 29
| Treponema pallidum TEI AETGGL|SGFI - - - RRI FIGREWE 304
cmomplasts_'Mes-:::sﬁgmawrfde YLVNLETGNKGLLKRVQQFL|TGSEENYV 286
| Nephroselmis olivacea PSPSDSAPSRGWFAAI RRL S 274

Putative membrane

targeting sequence

Figure 15.5 Analysis of Conserved Regions of Phylogenetically Well-Conserved Proteins.



£ @ B ¥ R

School of Life Science

Test RNA Reference RNA

: i TNt i A
Y N
: ?r::l(se::sni)tion
Label cDNA with
fluorescent dyes
PCR ampilification @ i &”\/)\:’\, ‘9’2%‘-@2‘_
purification : L /’\_,',\" "@'Z@z‘jﬂz\

3obotic
Jrinting

»

Hybridize cDNA
to microarray

MXcrebi:lsgy

Excitation

Computer
analysis

Figure 15.9 A Microarray System for Monitoring Gene Expression.
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comparative genomics, in which genomes from different organisms
are compared to look for significant differences and similarities.

microbial genomes are not as static as once thought.
HGT is a major evolutionary force in short-term microbial evolution and long-term.

Genome analysis has revealed that HGT is frequently mediated by phages, and that
lysogeny may be the rule, rather than the exception.

Archaea

Thermoplasma
acidophilum (Ta)
Picrophilus
torridus (Pt)

Methanosarcina mazei appears to Crnarchass
have acquired about one-third of its

genes from other procaryotes.

Sulfolobus

solfataricus (Ss) Euryarchaea

Bacteria
Eucarya

(a)

12 M All three archaea
[l Unique
B 7a+ Pt
Ss + Pt

E. coli may have acquired the lactose
(lac) operon from another microbe ,and
became capable of colonizing the
mammalian colon, where milk sugar is a
common carbon source
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Smal 1

ERAFHIRE, AR 7 s
%I’:‘% éif‘kﬁ Eaiﬂl% \ % %;-u-»% 7 T
GRE R BB . o YO T

N o

IlU

\ -
/ é//
% A AESEFST B(Jj_\‘ﬁfi % e
el m \ 400,000
y/ \
] M\ [g] I:l NI 1,400,000 —/ If'lll . { =
Smal — 4 ik
‘ : i " —
[ l:l N ‘ 1 =
— / 500,000
1,300,000 ~ \ )
/_ . N 4 y > IS
R : f
Y] AN < /' \ o, %) Y. &7
smal ~ Za @N &Y 600,000
b ' 1,200,000 // : N Smal
M L / \ ¥ Smal
S // / \\ Smal
700,000
1,100,000 /
P e Sma
1,000,000 smal
Rsrl 800,000
900,000
Amino acid biosynthesis Il Energy metabolism Il Transportbinding proteins
Biosynthesis of cofactors, prosthetic groups, carriers -Fa"y acid’Phospholipid metabolism Translation e ensicalissn
B cen envelope Purines, pyrimidines, nucleosides and nucleotides - Transcription v SN
B Cellular processes Il Regulatory functions Bl Other categories =
Bl Central intermediary metabolism Replication Hypslhotical

Unknown
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i WENZEERNAF

FEFH (Megagenomic) :Faie e e KRR MWLV AMERT

HH NERMERER AR &M,

NEFRAEYIHA (microbiome) Mg i — PN EEEAH. NMEPRAEDAREES
B—ANEAMEIL106E, SHIETLKORFNAITEA, —RAEFE2. 241864,
WEAANGRHE—ERRA., ERANRER BT

FFHRHFHF (Megagenomics) : St EFFIERIMAEYIH (microbiome) ) %
ERABTRE, HBTHRERERNACEMRESFRIREH N AEREEEY
i BERIEDNASIEERIT54, BERAEMITREZAEPREDH

B2 RN FESEER.
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IMI: International Microbiome Institution

"SRR (YR ) YRR
ASSERPERINMER , EMR2IHIC AT NEER.
AR E IR S IEHIF 2 ERRAI SRR,

Create a global

microbiome effort Gss

Understanding how microbes affect health and the

biosphere requires an international initiative, argue
Nicole Dubilier, Margaret McFall-Ngai and Liping Zhao.

Even extreme

environments such as Antarctic ice lakes host microbes.
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ARTICLE

Received 21 Feb 2013 | Accepted 13 Jun 2013 | Published 23 Jul 2013

Metagenome-wide analysis of antibiotic resistance
genes in a large cohort of human gut microbiota

Yongfei Hu1'*, Xi Yang1'*, Junjie Qinz, Na Lu1, Gong Cheng1, Na Wu1, Yuanlong Pan1, Jing Li1, Liying Zhu3,
Xin Wang3, Zhigi Meng3, Fangging Zhao?, Di Liu!, Juncai Ma'!, Nan Qin>, Chunsheng Xiang®, Yonghong Xiao>,
Lanjuan Li°, Huanming Yang?, Jian Wang?, Ruifu Yang®, George F. Gao'’/, Jun Wang? & Baoli Zhu'
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BRIEFINGS IN BIOINFORMATICS. VOL 3. NO 6. 728742 doi:10.1093/bib/bbs039
Advance Access published on 9 September 2012

Current opportunities and challenges in
microbial metagenome analysis—a
bioinformatic perspective

Hanno Teeling and Frank Oliver Glockner

Submitted: 30th March 2012; Received (in revised form): %th June 2012



échoofl%of ITSiLfe S%cieng MXCI"@bI

Review
The gut microbiota, obesity and insulin resistance
Jian Shen?, Martin S. Obin¢, Liping Zhao *"*

* Shanghai Center for Systems Biomedicine, Shanghai Jiao Tong University, Dongchuan Road 800, Shanghai 200240, China
bSchool of Life Sciences and Biotechnology, Shanghai Jiao Tong University, Dongchuan Road 800, Shanghai 200240, China
“Obesity and Metabolism Laboratory, JMUSDA-Human Nutrition Research Center on Aging at Tufts University, Boston, MA 02111, USA
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2 TR V) AL

WAEYAR (FEREZER, UERH—SERNERE) P
FETHREAISR. DRIERDNAZ T, FRONFER(plasmid).
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JFURL R A % E B X

5__H
K/ (size) 1kb-1000kb, —f&/>F30% K

K # (type) # K ZHCAXEEDNA, RNAG R N/ W,

#3% (configuration) L4 S CCCAL, A AI0C, AL

5 #l(replication) S F gk diAT B = H H

¥ D% (copy number) BAYE UURRL, fRF% DUBCRLAD /= 3% U5 R

&) fE(genetics function) REMR T 15 = — otk sREBHERN M, =RiR
HRmFNE, ERIAEZWIE LR IEEEME.

BIEFER X
Plasmids play many important roles in the lives of the organisms that have them.

They also have proved invaluable to microbiologists and molecular geneticists in
constructing and transferring new genetic combinations and in cloning genes.




JINBE

B infk (episomes): BREBESERE EWREHAE L, FHFE F* cel Hir call
EEFNAMESHIMHTEHRMERN. PluNSEs - | |
YEFHIFER T | Qﬁmm

FRRLHIVEBR (curing): AL ES. WRAAA, 7F0] Flasiclind

HRZER. BETHY R, UV. BTEN. BR o .
BERE RS T RIA R H B S | rorster

—>—F factor

FORLHIAS SR A (incompatibility): S8 A REIEF T —ME T W ARBAF R BN, R
BEE R BRI AV S AR . BETE R — RIS B RN R T A R RIS SR A
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Plasmid vector Donor DNA
& Y Y v
DA
e\ ___ _GAATTC GAATTC GAATTC
) ree i JULLR [ [T111 BHREE——
\AA“»—]T lacZ gene CTTAAF CTTAAF CTrAA;
C l Donoa_' DNA
EcoRl Prasmid cut with EcoRl
Sacl cut with AATTC G AATTC G
Kpnl EcoRI TTTT el 1111 )
Smal G C TTAA G C TTAA
)E('ng Donor DNA fragments
pUC19 Sall YEp24
(2,686bp) (7,769bp)

Psil
Sphi
Hindlll

@

Screen transformants

m Recombinant DNA Cloning Vectors

Insert Size
Vector (kb, 1 kb = 1,000 bp) Example Features
Plasmid <20 kb pBR322, pUC19 Replicates independently of microbial chromosome so
many copies may be maintained in a single cell
Bacteriophage 9-25 kb A1059, A gtll, Packaged into lambda phage particles; single-stranded
M13mp18, DNA viruses like M13 have been modified
EMBL3 (e.g.. M13mp18) to generate either double- or single- g:iﬁ‘:g'ig.ﬁmg base Select Amp*
stranded DNA in the host by ligation oS
Cosmids 30-47 kb pIC720, pSupercos  Can be packaged into lambda phage particles for efficient {}
introduction into bacteria, then replicates as a plasmid e ciiein i ociories
PACs (P1 artificial 75-100 kb pPAC Based on the bacteriophage P1 packaging mechanism have vector only have vector with .
chromosomes) ©
BACs (bacterial artificial 75-300 kb pBACI108L Modified F plasmid that can carry large DNA inserts;
chromosomes) very stable within the cell
YACs (yeast artificial 100-1,000 kb pYAC Can carry largest DNA inserts, replicates in Saccharomyces
chromosomes) cerevisiae

(b) Recombinant DNA molecule
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PR BN 73 P LSRR

HEETF (Fertility factor, FEF) HE

ColiihL (Bacteriocin production plasmid) : FPAEHTEYR
BB (virulence plasmid) : 28R

REFBL (Metabolic plasmid) : R R&E 7Y

e kL (cryptic plasmid) : BEfEBERAR 4!

++++++




A I

1. B E W-F(Fertility factor, FE-F)

19464ELederbeger IR RILE.colifl] “HHAEm” . ST i : Th
44 (conjugation)l % . RHEFETFNFH. ' RS

E.Coli FEH-F100kb,Ba$2 1,

T FRALR AR B (ST , BEgR
HAHEE;

B’EFRPRIERIRNF EE (ST , EHR
HEHEE.

FERFNSEE1ER, FERREBEBECH K
IS NBEERER (F) TifEEEERFERK.

Flﬂ?ﬁl‘?}ﬁ%ﬂ:‘%’ﬁi?ﬂ]ﬂﬁ}ﬁ I:F' ’ &ﬂ%é&%@ is covered with small pili or fimbriae, and a sex pilus connects the

& b, BIEANF+ER, 5 AHIIER, BHRFHE two cells.
F R4 (episome). Eizg%%m%ﬁém%aﬁﬁéwﬁ (conjugation) &
[z

@ Figure 14.6 Bacterial Conjugation. An electron micrograph
of two E. coli cells undergoing conjugation. The F* cell to the right
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ermep* Variation 1

Frfi2k,
K& (E.coli): F+

~aac)V
&MEATH (Bacillus pyocyaneus): FP2, e
FP5, FP39 _
R H F (Actinobacteria): Scpl
mt ] \\Rep Oigin 1

Msc Feature 1
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2. PikEEF (Resistance factor, REF)

@Eﬁ%‘fﬁﬂﬁiiﬁ}ﬁ:ﬁ%, FIFRRIFURL
T I VI T S =

R Plasmids Fseudomonas and many Sex []]]LIE conjugation,

bacteria Km, Nm, Tet
R1 80 1-3 Gram-negative bacteria Resistance to Amp, Km,
Su, Cm, Sm
R6 98 1-3 E. coli, Proteus Su, Sm, Cm, Tet, Km,
mirabilis Nm
R100 90 1-3 E. coli, Shigella, Cm, Sm, Su, Tet, Hg
Salmonella, Proteus
pSHE 21 Staphylococcus aureus Gm, Tet, Km
pSJ23a 36 S. aureus Pn, Asa, Hg, Gm, Km,
Nm, Em, etc.
pAD2 25 Enterococcus faecalis Em, Km, Sm

other gram-negative

resistance to Amp,
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. mer
oriV

R100J5RL(89kb) AT {18 5t T A M Rk BB A A viltk:
7& (mercuricion , mer) . W93} FE (tetracycline, tet)
F & (Streptomycin, Str). fERZ(Sulfonamide, Su). |EXR
(Chlorampenicol, Cml). RXPGHER (fusidic acid, fus) J3FH

71 B3 e 1 32 R R A% (clustering) AR 7E Tt kL b .

90000 bp

cml

XESHERFLRFE T, 2% ERI00A4EAFE T,
RAFRMEEAREMBA N GEH, XRRERERS

BETLSAFATFHEARY, LAEAMAFR TR
“Rigd” LEREBFAARIEHEZREZ—,

plasmid R100 map
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3. Colffihi(colicin-producing plasmid )

Col Plasmids ColE1 9 10-30 E coli Colicin E1 prﬂductiun
ColE2 10-15 .SL’HEEHE Colicin E2
=] Y1 5 Z (bacteriocin) (¥i4: Zantibiotics)
o KR ¥ TG+ ik 2 T B
5 & REFEAE PRI b & Mo it R
= § AR LEH AR LA E RS
P EN BRI R A R S WA & R
R 1y BB i -
*;% 4 e FALH FRARTTL, R BB ERE, 57t
e % 55 S BT AR
5] HE Wi B i~ B IR - B2 R IR 2
PHYE " =
R B I
[k [ 2L % A
P = A
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i PR ERFRL (Bacteriocin production plasmid)

215 & (bacteriocin): H R A EF AR BT R HE R wDZE A E K —REH
HEYETER) 2 IKEE BRI R

HG B AN RS R RN E F Scolicins G AR, ZHHFNEFRG. 4

HRERFAFAECIEF . b, HSEEME(Pseudomonas aeruginosa)ZliE &pyocins
MEREREA L. NBENREBBEZEAEHER, REREGITEH. AR4ERD
ZREMN A AERARM RS T, SFEMNEERS. WEFnnsARTE. EFRE.
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Perez et al. Microbial Cell Factories 2014, 13(Suppl 1):53
http//www.microbialcellfactories.com/content/13/51/53

MICROBIAL CELL
FACTORIES

PROCEEDINGS Open Access

Novel bacteriocins from lactic acid bacteria (LAB):
various structures and applications
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4. BHEFERBL (virulence plasmid)

WZ BN FBURTER BT RS R, XERAES
mIBBRNER, H=YxXEE G, =Y ERbiE.

FRERANGITERIIEARNSVBENEZRERLZ —, XTPHZHEK
FHAN MRS MR R RS RIFRL.

R B g (k)P L R R

—

Virulence Plasmids Ent (P307) E coli Enterotoxin production
K88 plasmid E coli Adherence antigens
ColV-K30 2 E coli Siderophore for iron

uptake; resistance to
immune mechanisms
pZA10 56 S. aureus Enterotoxin B

Ti 200 Agrobacterium Tumor induction
tumefaciens
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T ST E S A WIS A B R (FRAR A ) K AL

Spore Crystal

Jo Handelsman

. = .

(2}
s :

- used by

o« FIGURE 17.61 Photograph of tumor on a tobacco plant ¢@

- crown gall bacteria of the genus Agrobacterium. 1

Figure 16.88 Formation of the toxic parasporal crystal in

the insect pathogen Bacillus thuringiensis. Electron micro- ﬁjg‘ i‘ﬁ‘,ﬁl‘gﬁfé‘ﬂ ﬁﬁ)@é’/ @
graph of a thin section. ﬂ?ﬁﬁ%ﬁﬁﬁﬁ?ﬁﬁﬂ?
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5. fRBIFERL (Metabolic plasmid)

Bl B A A T AEMEFRER, WaePEERESER
FEg, BEATICAERER, BUCADIAR (REBKRE) F.

y R B IR DAL & P AR R RE A AR N BRIE A RE VR A O T B 3, SRR
VR UL FAHARTEENEX!

i

Metabolic Plasmids CAM 230 Pseudomonas Camphor degradation

SAL 56 Pseudomonas Salicylate degradation
TOL 75 Pseudomonas putida Toluene degradation
plP4 FPseudomonas 2 4-dichlorophenoxyacetic
acid degradation
E. coli, Klebsiella, Lactose degradation
Salmonella
Providencia Urease
sym Rhizobium Nitrogen fixation and
symbiosis
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RZBREMADMB R AN KIS AE,
AR ERE, NEImARsTATL, 12
KRR GE, ERE col i BHRFT, £
AREERDGEHNHT, TRAEELEARARIE
%o VIR #ATE (Helicobacter pylori)
¥, —FREG RS TR, .

FENH B, 1R 25 BBk BUALA N ABGE
fERERE TENEE (—8n Eyitk
235D

BeiE: Wal TR 5 ( Cryptic
plasmids in Helicobacter pylori )

F SCHR

Se Ak RORLAS B AR TR BN, EATHFF
ERFEIWERITE, Bl AR Bk
R MR RBETET KA. BNF
EREMFEREI BET T BENBIRA

HOTHAINTE Y, SRERBNE L
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Hindlll

P Stul

;2 EcoRV
it AR

o Neol

. .EcoRI

Xbal,

Clal.

EcoRI.
Bglll
EcoRV .

Munl :
Miu|

Pvull

M X crébi

Mscl
:Xmnl
e EcoRV
- Hindlll
s Stul

¢ EcoRV
i Xmnl
s AR
ot Neol

Miu) : : Dottt Kpnl

. Munl = : i fiis B i Xl
. ‘EcoRV & : zioriiton o Acel
P& Nhel &0 81 iiil & @ iBsaAl
S - ]| I : Sep EEEL D SRS
poni o EcoRl : Pwull

Clal -- Xbal
.

TR
| L] IIL

2000 3000 4000 5000

Smal-linearized pRK2

Maps of the cryptic plasmid pRK2 E.ColiW
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ENEE, @EFHGZE; AARC, FTHHEKR;
ERRT, ABERAE; WEAK, —FHEEBRE.

=T

TS —A AL, VR A? Rz %

e EamF? EaVIRF?
MR R R RN, BERNES, ERRFEEA?
BT, EREFE? RERPENL, ERRIMHSER?

BETER, WEAE, FHNE, BREMKRR -
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1958
1970

1972
1973
1975
1976
1977

1978
1979
1981

1982

Some Milestones in Biotechnology and Recombinant DNA Technology

DNA polymerase purified

A complete gene synthesized in vitro

Discovery of the first sequence-specific restriction endonuclease and the enzyme reverse transcriptase
First recombinant DNA molecules generated

Use of plasmid vectors for gene cloning

Southern blot technique for detecting specific DNA sequences

First prenatal diagnosis using a gene-specific probe

Methods for rapid DNA sequencing

Discovery of “split genes” and somatostatin synthesized using recombinant DNA
Human genomic library constructed

Insulin synthesized using recombinant DNA

First human viral antigen (hepatitis B) cloned

Foot-and-mouth disease viral antigen cloned

First monoclonal antibody-based diagnostic kit approved for use

Commercial production by E. coli of genetically engineered human insulin

Isolation, cloning, and characterization of a human cancer gene

Transfer of gene for rat growth hormone into fertilized mouse eggs
Engineered Ti plasmids used to transform plants

MZXcrebi:lsgy
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Tobacco plants made resistant to the herbicide glyphosate through insertion of a cloned gene from Salmonella
Development of the polymerase chain reaction technique

Insertion of a functional gene into a fertilized mouse egg cures the shiverer mutation disease of mice, a normally fatal genetic disease

The first successful production of a genetically engineered staple crop (soybeans)
Development of the gene gun

1989 First field test of a genetically engineered virus (a baculovirus that kills cabbage looper caterpillars)
1990 Production of the first fertile corn transformed with a foreign gene (a gene for resistance to the herbicide bialaphos)

1991 Development of transgenic pigs and goats capable of manufacturing proteins such as human hemoglobin
First test of gene therapy on human cancer patients

1994 The Flavr Savr tomato introduced, the first genetically engineered whole food approved for sale

Fully human monoclonal antibodies produced in genetically engineered mice
1995 Haemophilus influenzae genome sequenced
1996 Methanocaldococcus jannaschii and Saccharomyces cerevisiae genomes sequenced
1997 Human clinical trials of antisense drugs and DNA vaccines begun; E. coli genome sequenced
1998 First cloned mammal (the sheep Dolly)
$ 2002 Plasmodium falciparum genome sequenced

2003 Completion of the draft of the human genome
2005 Reconstruction of 1918 influenza virus
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doi:10.1038/nature14098

A new antibiotic kills pathogens without
detectable resistance
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