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CHAPTER : ©

BACTERIAL GENETICS

TRANSFORMATION

Transformation % U& recipient =1 f&& 73, free naked DNA @I donor 3/ 3<% W80 IR o<l ©| I bacteria # genetic
exchange &7 Ugell example o7 | Ugell IR 1928 # Griffith & s WIS wu ¥ Rig f6ar on| s=i+ arn &% R Preumococci
bacteria # capsule B & ar smooth (S) appearance strain @ 1T & 3k f59 pneumococci # capsules =& g ar rough (R)
strain 77 ST £ |

Rough {R) non capsulated
Type Il strain " o Mouse
—" — s Q. —_— S survives

Smooth (S) capsulated
Type | strain

N Mouse
-— @ — —_— dies

o

Heat killed Smooth (S)

capsulated Type | strain . . Mouse
- & — & survives

Rough (R) non capsulated

Type Il strain
o Mouse
—— .
Heat killed Smooth (S) N — dies

capsulated Type | strain j,

Smooth (S) capsulated Type |
strain isolated from blood

ii.  Type I/Smooth capsuled pneumonia, virulent a1 Sear Ul M 3R $@ infection & mouse @1 Fg &1 Wkl 8, W] rough
strain pneumococci (type Il) gFRRETad T |
iii. Griffith = 72 +ft urm f& <19 mouse # live non-capsulated (R, type Il) strains 3R heat killed capsulated (S, type ) strains
BT mixture inject far Sar 8 @ mouse @1 death & STt 2 |
iv.  3WR 39 &M bacterias ®T s inject fHar ST & @ mouse @1 death &l BRil TRg T mixture B B & | Capsule &
1y B live S strains @1 isolate f&ar mm, animal % blood # 1 fS9 o & % dead S cells & & factors R strain @1 S
type # convert @* <d ¥ | Factor @ aoie 9 I transformation gam a1 DNA 2, 3 Avery, Mcleod 3R McCarty & 1944 #
EGIRIN]
Transformation & U&R &1 gene transfer & i & donor cell 7 f&& 71 DNA @ recepient cells gRT uptake &= @ aog &
BIT 8| B bacteria (S0 Bacillus, Haemophilus, Neisseria, Pneumococcus) environment # ¥ DNA o 5a 2 iR forar mr
DNA recipient @ chromosome # incorporate & ST |
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FWR &Y gU Transformation # 3+ steps fifed arcfl &

1. 59 Donor bacterium R SraT & 3R degrade g+ @rar 21

2. Dead donor bacterium &1 T& DNA fragment (S1eR 20 genes long g1 §) DNA binding proteins ¥ bind & Sam & Sif
component living cell @ cell wall = 3uRerd g1 & |

3. f%< nuclease enzymes bound DNA @1 fragments & ®Tc <ar 2 |

4. U strand T X & WA & 3R g@ recipient bacterium ¥ YITT & o7l ¥ |

5. Rec A protein, donor DNA & fragment 3iR recipient's DNA @& = # genetic exchange (recombination) 9grar Iam 8 | @B

bacteria, naturally € DNA o o1 €, W=g ¥ bacteria 3=t growth cycle (log phase) @ particular time ™ & DNA & ¥&d € 1@

a1 T& specific protein competence factor ST &< & | Gram positive 3R gram negative -1 DNA @7 uptake different g 2|

Gram positive bacteria # DNA t& single stranded molecule @t @vg foram wirar 8 3k complementary strand, recipient # &

g S 7, w’eg Gram negative bacteria # double stranded DNA & feram S 21

Recipient cell
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Genetically transformed cell

Mapping by Transformation: Transformation mapping @ =&Y & &4 known genotype @ bacterial strain & DNA @1
TR known genotype @ strain # Sired €, g I 379 2 a7 ST loci W different allele 1| &7 fiR <@ % donor allele @1
recipient strain @ bacteria ¥ W (incorporation) & W&ar g @ar? fmer =, 2 loci & alleles host # |mer—arer wmaer
(incorporate) 4 € a9 & waT ¥ loci TH TR $ UM BT 2 | gifery &9 index of co-occurrence Wit f map distance & @rer
fauia Ader 7 &, BT SUANT IR Wha 2 | R ST co-occurrence BRfY, SE ) uTeT 2 loci U 8 |
1. 99 ugdl, & DNA o1 gFm— &9 3 el ores ¥ bacteria isolate @’& &x wad 2 | Transformation §RT mapping s+ Rerftar
T 9 9l & SEf% conjugation AT transduction gRT IF FHq T BT |
i.  Donor DNA &1 f@re @x purify @<a fragments ¥ TSt ST & ST recepients & W1 incubate =7 R IFH el ST
2| 399 donor 3R recipient ¥ ga™ W A7F phenotypic (genotypic ) 3R i d B |
il. "R DNA fragment 3R SR recipient chromosome & #12r homologous recombination &=aT & @ recipient U&
A7 phenotype &1 feGTTT fORY TeRT 3ol testing §RT UaT TR ST Ahell § |
2. g cells 5= t& ¢ DNA 9 expose a1 S & S9&1 9ga &4 uferd €1 complete transformation @R ar 2 |
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Recipient DNA
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3. Transformation experiments ¥ g &= & forg g o 8 &

e genes linked @ 78 &

A.  Transformation 8¢ DNA fragments 5% §& & genes 810 & & W1 HaW 371207 HM G B |
B.  Co-transformation & genes & U& ¥R & U™ 8M &7 indicateon & 391 TRRI w9 & analyse fam o waar

gl

A. Trifre wU | T genes IR 9§07 U © 1 co-transformation @) FHTEATY EAIT Seral ¥ o Sarar 8nfi
B. af@ co-transformation T rate genes @ 3felM—37a transformation rate & SRWER 2 T $HHT Facd © &

genes linked 2|
o  Genetic map W genes &T order fTetT

1.5 f& <1 genes (p+q) co-transform T € 3iR linked ® 399 & U& (WMT q) gene o0 & WY co-transformation
show @=ar & @ 3@ &9 @1 distance 37! co-transformation frequency & 3WR analyze far wmar & 99 f&
gene p 3R o rarely co-transform 817 2 @ gene order EFT p-q-0
2.3 p 3R o frequency co-transform 817 & @ gene order BT p-0-q
e Genes & 4/ & map distance recombination frequencies §RT &1 ST © |

Donor bacteria _
4
y

Extract DNA \\f‘

donor bacteria;
DNA breaks
into fragments

from population of _' i

Donor DNA

> )

CONJUGATION:
Bacterial conjugation, DNA &T U@ living donor bacterium ¥ living recipient bacterium 3 transfer &1 #&d 2 |

Leiderburg and Tatum = E-coli @ & auxotrophic mutant &1 JaT &< §U conjugation @l @IeT a7 |
a) Strain A’s genotype met bio thr* leu* thi* o1 |. 78 methionine 3R biotin §RT supplement ¥ g7 minimal media w

grow W oI |

7 Transformation
»t genotypes:
i — Pt gt o
qqn o* -
| m DNA fragments P gt o
ot used to transform 5
u p g o recipient q ©
o bacteria

b) Strain B’s genotype met* bio* thr leu thi o @8 thrionine, lucine 3fR thymine &RT supplement %3 §¢ minimal media
W grow HxdT o |
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d)

strain a 3R b & mix f&ar TaT @R minimal media W plating &%= ¥ 1/10° cells met*, bio*, thr', leu”, thi* phenotype

Tl TS §S |
AT strain a

3R A7 & strain b minimal media & grow &R FaHam o7 | 39 Rig g3 & I= 71 phenotype recombination

BT gore A UaT gamm |
a) Davis 37 58 Sifa @t f& cell to cell contact & sazgmar € a1 81 |

9% oy S strain a @ filter & U T 3R strain b ®1 g9 @%b @] 29 filter & AR IR molecules 1 ToR FFH o

AfP cells 7|
19 cells @ minimal media W plate f&ar 731 @ fHA T 31 prototrophic colonies U & g% |
Tatum and Lederberg 1947 Davis U tube experiment
1950
(a) Demonstration of gene transfer (b) Conjugation requires cell-to—cell contact
Strain A ) Strain B
met™ bio™ thr* Mixture of met* bio* thr= FCOTTOH Medium moved
AandB leu™ thi~ [ PlUg  through filter

leu™ thi*

No growth met ‘* *thrt

& Using pressure
or suction.

Strain B

Aﬂermcubatlun cells
plated onto minimal
medium.

feu™ thi ~ cells — —
grow into colonies Mo growth No growth

b)

Plasmids double-stranded circular DNA &7 T small autonomously replicating circular piece = 2|
Conjugation # plasmid &1 & donor bacterium ¥ recipient bacterium # transfer 211 2| Gram-negative
bacteria # plasmid @1 transfer bacteria @ same strain T closely related strains # & 811 | §© plasmids
@1 F factor (F plasmid, fertility factor a1 sex factor) @er oen & a2ifs $7 V& genes 8 € S gg & transfer
¥ 758 A 2|

F ceII

o

Fertility factor/Sex Pilif conjugation tube
factor/F plasmid

F Zell Feel @ Flen Fiel F Zell
Bacterial O O O
chromosome
3
Os o4) s

Transfer of single strand
to recipient cell

@ Fieell ® Fieell

O

The recipient cell now
O O o become F*

O O] 10O
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c) U cell ® F factor ¥d= w9 ¥ replicate axdr 2| ¥ genes sex pilus 3R S enzymes & Y code o= F |
1 cells # F plasmids, F+ & 2 @ male 8% & 3R donors @ TRe ¥ & &1 R cells # ¥ plasmid
JruRerd gam 2 @1 F- (female) &0 € 3R recipient @1 ovg &1 @xd 21 9 4 plasmids, R aorg & S+
host cell, conjugation & R donor & @8 F¥ I &, A transfer factor FE €| & F+ Gram negative
bacterium % 1 %1 3 sex pili 817 €, ST f&F recipient bacteria W SuRerT fa¥Iy outer membrane protein & s &
3R mating @ gweTd a2 | R sex pilus, amow €4 fomn @rr @ R SFF bacteria U@ # o W € iR
<1, cells # W1 envelop to envelop HU® & @ 2 |

d) Gram-positive bacteria # g fufu surface molecules ¥fa B €, St f& 1 bacteria &7 9= (contact) #
@ €| Gram-positive donor bacteria, adhesins produce a=ar 2 ST f6 I g®HgT Ran & IR 39 ERM sex
pilli erf¥er =Y g1 | = DNA, donor i recipient # JeraRd g1 i 2|

e) Plasmid-mediated conjugation, Bacillus subtilis, Streptococcus lactis 3iR Enterococcus faecalis # Tran e
2 3k Gram-positive bacteria # Gram-negative bacteria @1 e &9 Ul 9T B |

F+ conjugation:

9@ I8 ¥ Ua F+ plasmid (ST R% sex pilus & fofg coding @=ar &) @1 donor bacterium ¥ female recipient bacterium #
RAIARA gl & @ifbs chromosomal DNA @1 =i€i| Plasmid @ <ii strands separate & ol & iR u& strand recipient
bacterium ¥ T3 € Wrm € @R 52 9@ 3’ direction ¥ 9T AT & Wf+ b strand donor ¥ & Y& &1 < donor &R
recipient cells T § complimentary strand S2eifid & W §| R recipient i v& F+ male 59 a2 3R sex pilus a9 e
21 Conjugation & &R faw DNA & donor ¥ recipient ¥ pass gaT 2, 1 f& cytoplasm a1 &1E cell material.

Mating pairs @1 force gRT 8 31T fdam S waham & ORI conjugation w& ST © 31T mating pairs 950 oIS W9 & folg &1 s

v&d 2| Conjugation & 4T, cells 3T &1 W 2| 3R successful conjugation g & @ recipient F+ &= iram 8 3R donor F+ &=
& 2

Hfr (high frequency recombinant) conjugation:

a) <@ f&d recombination event @ gRT Plasmids, bacterial chromosome @ Wl integrate & AT 2,

b) =€ integration M DNA & &1 % homology TR iR =ar 2| Integration & a8 a1 plasmid 3R chromosome, T& single
unit @1 e replicate ¥ 2| TF plasmid St & chromosome 3 integrate(Js) T # We™ 811 & S9 episome F&d & |
3R F-plasmid chromosome # integrate(S[s SiraT 8) 81 8 &1 S Hfr cell w&d 21 Integration @ 1<, @i chromosome 3R
plasmid @I recipient cell # conjugally transfer f&ar ST &t g1 3= Hfr cell Sifey wgama € @@ifs 9 chromosomal genes
31 high frequency ¥ recipient cells # conjugally transfer @ Ja&d |

<+

F~cell i Ll Hfr cell Fcell
™
Chromosome U
—_—
—_—
F plasmid

F plasmids spontaneously integrates with . . _

the chromosome thus converting F+ cell Hfr conjugates with F~ cell

into a Hfr cell l

Hfr cell F cell Hfr cell Fcell
The transferred
chromosome fragment ’ [
exchanges genes with J—
< = ~
chromosome of F-cellby <
recombination and confers
new propery.
N
Recipient cell receives part of One strand of the episome
plasmid and chromosome moves to the recipient cell
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c) DNA @ origin of transfer W @rer fdar wirar 8 3R ik DNA replicate g/ar 21 t& DNA strand, F~ cell # cytoplasmic bridge
% ERT pass Bl 8, S8 complementary strand &7 deaif¥d g 21 Integrated plasmid @& wrer &1, chromosome 1 F~ cell #
ST 2 1 91 & chromosome @ transfer 89 & 98« & bacterial connection T ST &1 $Afeg F+ plasmid &1 g=m gam &
% & recipient # TI g U@ & | SAEIR Hfr chromosome & @rr w11 plasmid &1 R t& ®ier 2= €1, conjugation &
2R recipient cell # transfer 8 & | 39T recipient cell I1 F factor receive T8 &R ddl |

d) Conjugation @& dre Hfr cell, Hfr & 3= & 3R F~ negative cell ¥ F+ F&i 99a1 ok F~ & 1 <&an 8, W_=g transferred
chromosome @1 fragment, F~ cell & chromosome ¥ recombine & S & i@ aote | recipient cell 3 ©B 73
properties transfer & ST 2 |

<19 chromosomal material recipient cell # 817 &, dT recombination 8 ST &

» Recombination, double stranded =raT 2 |
» Donor genes, recipient cell # recombine g ¥ |
» Recipient cell @ corresponding genes, chromosome @ aT8x recombine 810 £ &R i cell # reabsorb & ot &1

Interrupted Mating Mapping

1 Conjugation start 8 @ wrer & St genes origin of replication site (replication @1 fXem #) & gy g € a1 pili & & Fa9
Ugel move B 2 |

2. u& settime & 9IS, conjugation @wE B WICT 2, ST genes origin of replication & close ¥, R® 92T conjugate & | e
TR GHA, IO B SATRT 9! conjugate BT a1 ability M|

3. Notice @RI f& P9 & genes recombine gT, 3R ST genes recombine gY a origin of replication ¥ X distance (conjugation
time-distance) @1 g W Rerd i |

a) Progressive transfer of donor b) App of donor g
genes to recipient during Hfr X F markers in recipient as a
conjugation function of time
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F-plasmids & different strains 3R interrupted mating technique, SUaT @%@ &H chromosome W genes &1 7 uiRd & dad
g
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