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1. & 854} S0

o 1928 & F.Griffiths4 Streptococcus pneumoniae # #t & 2t & #
/T #% 46 (transformation) 2. 1944 FO.T.Avery % A it
— 4 a7t 2§ L DNAR & /£ & F o



Griffith experiment first demonstrating transformation with
Streptococcus pneumoniae




Transformation of Bacteria (Griffith Experiment)

(a) Living S (b) Living R (c) Heat-killed (d)Heat-killed S cells
(smooth) cells (rough) cells S cells mixed with living R cells
o Capsule == Zam N\ . (e) Living S cells in
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e 1952 # Alfred D.Hershey#e Martha Chase # P 4z 12 75 & 4
DNA, A>StiziemF@EaMstn, £ T T, X HAG
DNAR & 4% #9 /i o
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o 1956 # H.Fraenkel-Conrat Al 4 RNA & 48 % % °t & %
(tobacco mosaic virus,TMV) #r#t /T4 o~ 5 & 2 LBk
ARNAL R & 1 e 49 i Lo
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8.2 AR E R A LS

o R H®m (genome) R H AT @R AmEPHARAL
B M h—MEATRA -2 LA, L4244
(haploid) ; A& # A HiE T AN &HE LB X =424
(diploid) -

o HRAMAFTRKLAF—E2LRA. §TFARALASL S k%
BEINEAAETEZ G, AhaARAG S L EH L
RiEmbot ARALAFERXRAGDNAG 7 69 &4k, @4
b afingn AR, BAEFEF LR AT ELHR
% # 9DNAA 7] -

o MAMEARMAMAR LA KL $H MK,
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WEHE MK AL DG ER A

MS2BE B 44 (MS2 phage) 3 3X 103
N W& (A phage) 50 5X 10
TAWEB & (T4 phage) 150 2X10°
EFEIE R (Mycoplasma genitalium ) 473 0.58 X 108
A HFHEBERE (Methanococcus jannaschii) 1682 1.66X 106
K [ THEFFEE (Heliccobacter pylori) 1590 1.66X 108
g H 8 AR AF B (Methanobacterium thermoautotrophicum) 1855 1.75% 106
KRG M (Hacmophilus influenzae) 1760 1.83X 108
R4k A 3KE (Archaeoglobus fulgidus) 2436 2.18X 106
M FHAFE (Bacillus subtilus) 3700 4.2X 108
KM#F & (Escherichia coli) 4100 4.7X10°
AR ERE (Mycococcus xanthus) 8000 9.4X 106
MR JE B2 B (Saccharomyces cerevisiae) 5800 13.5X 106
ik LB )8 (Neurospora) >5000 60X 106
H48 (Drosophilia melanogaster) 12000 165X 106
Mus musculus (—FHERIY) 70000 3300 X 106
Nicotiana tobacum (—FHE) 43000 4500 X 108
BIEG I+ (Arabidopsis thaliana) 16000~33000 (70~145) X 10°

A (human) 50000~100000 30X 10°
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8.2l KA EAIE

o AMMALRAARSETIKGDNALF. Ala Pl %
% 4, A B B RN R (4%, nucloid) # X B4
Flrat b & LA R L0 B Q%GR ERNALF,
R R AT R @ (scaffold) # B 24 (X M4
DNA>F £k & & & @£ £ 9100042, & i1k — 2 61 X
R ghmf) o

o KRB M4 A 7 o 2 F1997 F & Wisconsin £ % ¢ Blattner %
AZ Ko
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1l iz 80 %44

Agltad (R il&GFKXEAHE) Fo& 4 4 @ rRNA
o IRNA 4 A4 F XA A7, Has K3 2k4Z
EMARGASTF, AL R LG R R P HG.
2.3h feda £ 0 k4 KR A X BT

X A5 At @ #2584 Nk T, KA 40 A # 0 £2190
NP Fo dodb 3UBANFEH TR ELELR K
$ F B FHEEH L. o, K L dsda £ GRNAL
AAEHLE—R, e AEBAG=AHRNALRH# Z
LR —#FE2HP, 4&£kA216S rRNA-23S rRNA-5S
rRNA . =A#RNAAZEZHAP@Grue 211 [ 1,
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B btrgEsr N 2RNA ARG $# N0

XA AATINRNABZBA T A H A5 L& a6 54
FEIH £t E 4 FEkik. TAIN 3£ A 64 93 72 3%
@ B 4| A soric(83min)mt L, HA| FABKRGER AL
ABRRAAHETEEAT Ak

A MEARAGA— 2R TAEEAT, 2AK
A Ii% s, TELA53—MBAL40 bp, TEAE+ 3
k. LT RARE
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o RiRHARLEMILAA A, 1997TF, A, £E.
iAo A AAIBNER 2WO3BAH FERALLES 2 2 A&
TARRAGMAE L. RE—ANZAMFGELBZLEDE
E] 4 o

o A®m £k.J135X10°% bp, 2+HF ALANA R &L LE KR P,

o #A4HYHDNALwit £ 26m B4 (H2A . H2B. H3 .
H4) & 444 &% € /& (chromatin) ¢ 14bp 4% . 4k 4% &
DNA; % & 4kDNA LA & £ £ (centromere) Fo % 4

(telomere) A A AL GHE AT LW, ARABEXRAST

5 7o
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Replicating Eukaryotic Chromosome

chromatids —|—|
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Nucleosome

Nucleosome

Linker DNA

-0
- e TN

- -
rrrr

DNA wound around
histone proteins

The DNA in eukaryotic cells is packaged in a highly organized way. It
consists of a basic unit called a nucleosome, a beadlike structure with
146 base pairs of DNA wrapped around eight histone molecules. The
nucleosomes are linked to one another by a segment of DNA
approximately 60 DNA base pairs long.
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e S AT 4

o tRNAF25040# M. rRNA 245 FXI 5 4 & 46§ L 5% 4 &,
£ /%9137 bp, #100~200/4# M .

o B A BRHGDNAZT I 5 7 # A & 4 F 4 ( genetic
redundancy) ——— A i % (HEALE) o
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8.2.3 ENHIREkEERLA

o 2K ¥isk#y (Methanococcus jannaschii) & F & &, A
F1982 %, 4 #.42600miE, 2.63X107 Pa (2604 4 &) ,
UM CHhisrmklamwmii,. 19964 & £ 8 LR A## R (The
Institute for Genomic Research, ##4TIGER) #o #4454 # 4%
AAARAZ AT RAGARA SN A Tk, XA R XG5S
~ANEhFeaFA Lt HhO AR A ST . REAZELLAAA
55 ot 5 R rak R T1977 F HWoeseF: AR & ¢ = %
o
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o ZRFHAKGAPLAHAIONAL G AR LA =R A LA R RME,
APHG AT A MY, AOE U TAZAY, AO=%3
/\

o tRALAR MG L ELT MY, tfufu;kﬁ:ﬁlcsesxiofi
bptg 1 & & 4ADNA, ﬂ-?ﬁ'1682/\€ﬁ; i B 4 KFORF; 34
m%ﬁﬁmm&&%%%%%&~$ém&%%%%;ﬁZ
ANRNA #40F; 37TNMRNA £ 78, £A LA ASF; 24
B o

o AAGAAEGAREM T AL A, HERKL %%, RNA
R EraXBRAT. 2T 44, MEEMHNEAF. 4
HRERAFHEALE A Hlan. THLEHANELE 0 LA
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o /i (plasmid) #o3% 2 B F (transposable element) #t £ 4@
RPhherhilistastatd 48T ARz F
Lo, At iTAz AR EHATF, 2254 F
At A MmO, EARETREGHRIAL LG—~B K
¥4 542 FEGDNAR 3], St of T Atife Atitated o
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8.3.1 JR§I

,S"\,\/
M,

2, 8

Qaps®

L atg ot &4

&% A H-H A 34k (covalently closed circular,CCC)
ARGk BUDNAQr T A Tated, Aaat 235
MRk KSR =F4 A pCCCA . OCA (open
circular) . L& (linear form) . & % % .7 398 4% 4K
2B oA G PLELINT L7 R4 DNAJ 42 FoRNA
B, HtoF L4 % AL Kb~1000 kb,
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Plasmid
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2. R R EE LR

o FaMAHAARAA BT a— B RELTG, PR A Z K
“HEBT, REERTRELAUEHGIE, ATDER
* 15 ¥ 4 K4

o BB/ LA BBAMARTREGEAE KR, THAL LA
KRt £
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1. &5 &F (fertility factor, FEF) : X#AFA 4, X
#100kb, RRFANG—FH HEABMHAAOA R LEANE
(o1EfR) HREGR £

2. 4 EF (resistance factor, RE F ) : .45 4% 25  Fo 45,
TE A KL

3. Col& 4 (colicinogenic factor) : = x4 4 % & F,
BB ExMmAFH £ (colicin) B T4 &% (bacteriocin) o
4. Ti 42 (tumor inducing plasmid )

5. K#t /& 4 (metabolic plasmid )

6. F4c/ 42 (cryptic plasmid ) « R 2 T/ AR H L
PHBSMBE G Tk, 4B KR OKALED MMM RRE T &
A 4L . BAG2IM F 4o
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RBERAAE NI BE

% # N # & 4 (high copy number plasmid ) : & A& £ %@ &
T4 A 10~100/n 4% M. K Ap4 2 S 42 (relaxed plasmid ) o
1% 4 M # % 4= (low copy number plasmid ) : &4 & £ @8 F
TIAAL~A4N% N o X Ah Z# A 4 (stringent plasmid) o

£/ %07 @ A4 (narrow host range plasmid ) : Z 4|4 4 &
(origin of repllcatlon) B Fo

718 £ B A 4 (broad host range plasmid ) : 4|4 &R
A 45 o

Mt 4o 4k (episome) : R E LA L EAGHLEARG I AH
ﬁiﬁﬂi%%%%ﬁﬁo
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3.RPIBARFEFMY (incompatibility)

MEUB TSN~ INB 2RO, XERERA
s E Ao 6 (compatible) o 4 R/~ LA G A 4L E T
BAHIBT N (BiL) FANE—LEGRESI—FA
LR @R, REIBIURE, X3#FarosdHaL
- AL, XN LERATRE @
( incompatibility ) o
REZLALAR—~ QA FPREAZLGER, THAL 2
AF %R E 4B (incompatibility group) , # AR —‘%aH
YABLGA L ETARAGER E4, HAR—@E F X4
ABLOR 4B TR —~F FF B,

SaMA—~FREAHGRLatLR —tmtat, LF—Hg
FAREIH A DA DMAG R oL 4 Pk #H £ (diluted
out) s #8 if % (curing) o
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8.3.2 &%

o # & B F (transposable element) R F ik ¥ 1 %
ZE—BDNAFF|. fri2AaaThfzfec Almmad.
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[RZMEZE Y R EREF

BA% L A4 dh
& ~F5: IS & 4. sigma
#%EF: Tn #A: TY
& Mu 4% copia,P
F A AC

EEaE: »RAZ. HV
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e I 5 3 (insertion sequence,lS)

3% )&
i

JE
b

R RO B B

[ 3
Iie
Donor DNA with IS

F (transposon,Tn)
#% 2% % (Mu. D108)

3

FH=MEKE

e
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Transposition

Host DNA ....T
targetsite . . A

Fill in the gaps

CAG..
T ACGTGTC..

Fill in the gaps

G
C
* Direct Repealts *
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5 FE Y 1B 15 N

o 1. HENRT
o 2. AA KB AFE
o 3. KA M TH
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8.4 REAXRTIFLE M

e 84.1 £ @® #£% (gene mutation)
o AMAAREWMM G 2T LML A QTR 6T
o 1. R¥ £ 4

& A 2% A (auxotroph)

R FA (resistant mutant)

A1+ 8 72 % A4 (conditional lethal mutant)

# & ®E 4 (morphological mutant)

/& £ % A (antigenic mutant)

#EREA
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2. EIHE (mutation rate)

o H—tah—H¥¢RKFALLEE—~HKETG/LE
o BHF & 4 %4106~107,
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4. EP

5
ht
Kt
&

S 2 MR 3 Rz 4% B E R

o ¥ ¥.X3% (fluctuation test)

o »h X% (Newcombe experiment)
o Fig % fpi& AKX (replicaplating)
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Fluctuation test

Culture of phage-sensitive bacterium

.

. ) = )
Single —— Dilute to approximately 103 cells/m|

/ subculiure
7

l Inoculate samples

N

-

| Multiple subculiures
INte 2gar medium
containing phage

«— Y7 )
- XY )
-— QO |

0«—@.1

-— QO |
-— QN |

>
()
[ )
04—\\\Nll
(2]
@4—\\\\.‘
(=

Phage-resistam celenies from samples of individual sutcullures

Phage-resistant colonies N— o
fromr replicate samples .
of single subculture B
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Newcombe Spread - Transparency 1

Spread a plate of
E. coli and incubate
for four hours.

s o — Leave as is
Re-spread ‘
Spray with phage and Spray with phage and
incubate at 370 overnight incubate at 379 overnight

If bacteria develop resistance to phage as a result of
exposure to the phage then ...

If bacteria have preexisting mutations for resistance
to the phage then ...

Newcombe Spread - Transparency 2
Results after incubation

Re-spread Not re-spread

o E. coli colony

The experimental design is flawed. The flaw is...
To correct this flaw ...
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Replica plating

Master plata

Noma! medium Normal medium plus  Normal madium plus
tetracycling peniciflin plus
tetracycline
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5. &

o 1) % % A4l

A 6 B # (substitution) : 2% 44 (transition) o #i
3 (transversion)

#% %% = ¥ (frame-shift mutation)

% & 4= ¥ (chromosomal aberration)
o 2) AL REAA

et nRA TG FE

MEHa AR BAEHGF LR

I EFH R

R Y
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6. EIEFNDNARRIGREEE

o %4 (U.V., ultraviolet ray) =z &£ A & ¢ 7 44DNA
Aa 4R 9 o2 9] 5 A M 2k o6 FA AR R 5 = B Ao
# 4 %+ A (photoreactivation)

w152 48 Bl (dark repair) X #k+7 %442 (excision repair)
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842 RELESHM

LA L REHFH

OL N 8%

Q% 1 4% Fih & & AF
im%&%ﬁ&(mmmnwm)ﬁiﬁK%%&%@ﬁﬁ

@%&ﬁdﬁi%%ﬂ@ﬁ% RARLRTRIENS, K5 EA
M. A g aRtyik, AThLILELTH A
“RE M, M#iﬁ+&iﬂ%£&zmo
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BEEM

R

LAHREAHGF LR

4 7 X 3 (Ames test)

A o 3 1

&R R

AaFHEN G 2—X

2.4 4K & 9 & £ A AL (original strain)
3AEERT (REmp) &R

4L AREFER T

B.7 % Bl 3 6432 65 14 Bl 24 =
6.%7| AlAat| E A &. £ 2 H FF

(Rt REAZHIFEFTERT ok

(synergism)
T 9 69 18 £ 18 47
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Ames test

: : - Negative
Fltterﬁlsk_c-:: lntalnmg resull: a ey
eslenemica Spontaneous
revertants
Inoculate plake
with tester strain
[hlﬂtldlne Incubate
auxoroph) plates
overnight at
\H?DD.
Minimal mediurm - histidine Positive result:

increased revertants
near test chemical
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BT R FA SR TR ik

LA e A B REBA LG LB HK
D& A3 AL (MM,minimal medium)

Qz 4% £ 4 (CM, complete medium)
34t #.4& A £ (SM,supplemental medium)
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2. 5FEESFTRARER K =RIEFE

e O £ 4 (wildtype)
o Q& #4:MA (auxotroph)
o 3/& %4 (prototroph)
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3. E TR MTFIE %

o DiF & #| a3z
o Dy k¥ A A
o Btk irg Al
MO S XX
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8.5 R FEE4H

o H®Em (gene recombination) : 4e& AR R MK 6 i 14
AAEBI -, gdaoFaaETHhas, &g
% 3 AR Ko

48



8.5.1 B EYrE

H

Ef



154k (transformation)

o %4Rk# (receptor) # % 44k (donor) #DNAR B & 4
JAHR 2O RSRKGINE
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Transformation

......................

fragment of DNA from
a dead bacterium

A donor bacterium dies and is degraded.
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Transformation

........................
’’ -

fragment of DNA from

a dead bacteriv ,
DNA binding S i
protein / \

O‘-A

living, competent
recipient bacterium

A fragment of DNA from the dead donor bacterium binds to DNA
binding proteins on the cell wall of a competent, living recipient
bacterium.



Transformation

donor DNA
/

qe)

recipient Rec A

The Rec A protein promotes genetic exchange between a fragment of
the donor's DNA and the recipient's DNA.
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Transformation

don9r DNA

CO

recipient's DNA

Exchange is complete.
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Transformation

O
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2532 (transduction)

I Gk ARG, de st iR dm A ¢gDNA I
Jifzhéwﬂ@‘? Wit R;HELE, ATESE R
iRk ARG ILE
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Generalized transduction

e During the replication of a lytic phage, the capsid sometimes
assembles around a small fragment of bacterial DNA.

e When this phage infects another bacterium, it injects the
fragment of donor bacterial DNA into the recipient where it can
be exchanged for a piece of the recipient's DNA.

e Plasmids, such as the penicillinase plasmid of Staphylococcus
aureus, may also be carried in a similar manner.
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Generalized Transduction by Lytic Bacteriophage

viral
genome

bactenal
nucleoid

A lytic bacteriophage adsorbs to a susceptible bacterium.
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Generalized Transduction by Lytic Bacteriophage

viral
genome —

4

|
nucleoid

The bacteriophage genome enters the bacterium. The genome directs

the bacterium's metabolic machinery to manufacture bacteriophage

components and enzZymes.
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Generalized Transduction by Lytic Bacteriophage

phage carrying
bacterial DNA
|
( 2 P :- s 2
e Esi 3/

fragments of the bacterium's
nucleoid or plasmids

Occasionally, a bacteriophage head or capsid assembles around a
fragment of donor bacterium's nucleoid or around a plasmid instead of a
phage genome by mistake.
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Generalized Transduction by Lytic
Bacteriophage

bacteriophage
carrying donor
bacterium’s DNA

normal
bacteriophage

lysed bactenum

% b

The bacteriophages are released
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Generalized Transduction by Lytic Bacteriophage

donor
bacterial DNA

recipient bacterium’s
nucleoid

The bacteriophage carrying the donor bacterium's DNA adsorbs
to a recipient bacterium.
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Generalized Transduction by Lytic
Bacteriophage

donor bacterial —‘
DNA

The bacteriophage inserts the donor bacterium's DNA it is
carrying into the recipient bacterium.
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Generalized Transduction by Lytic
Bacteriophage

éé-?dpnorbactetial
~ DNA

recipient bacterium’s
nucleoid

The donor bacterium's DNA is exchanged for some of the
recipient's DNA.
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Generalized Transduction by Lytic

Bacteriophage

e

ADSORPTION
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Specialized transduction

This may occur occasionally during the lysogenic life cycle of a
temperate bacteriophage.

During spontaneous induction, a small piece of bacterial DNA
may sometimes be exchanged for a piece of phage genome
(which remains in the nucleoid).

This piece of bacterial DNA replicates as a part of the phage
genome and is put into each phage capsid.

The phages are released, adsorb to recipient bacteria, and inject
the donor bacterium DNA/phage DNA complex into the recipient
bacterium where It inserts into its nucleoid.
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Specialized Transduction by Temperate
Bacteriophage

phage
genome 4(

b 4

| e
bacterium's
nucleoid

A temperate bacteriophage adsorbs to a susceptible bacterium
and injects its genome.



Specialized Transduction by Temperate

Bacteriophage

prophage

4

| B
bacterium's
nucleoid

e The bacteriophage inserts its genome into the bacterium's nucleoid

to become a prophage.
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Specialized Transduction by Temperate
Bacteriophage

. Y
portion of donor
bactenium's nucleoid
phage DNA
- 4

I
nucleoid

e Occasionally during spontaneous induction, a small piece of the donor
bacterium's DNA is picked up as part of the phage's genome in place
of some of the phage DNA which remains in the bacterium's nucleoid.
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Specialized Transduction by Temperate
Bacteriophage

p /g\ .
%, ’ ‘ 3
phage DNA plus
donor bacterial DNA

e As the bacteriophage replicates, the segment of bacterial DNA
replicates as part of the phage's genome. Every phage now carries that
segment of bacterial DNA.
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Specialized Transduction by Temperate
Bacteriophage

~donor bacterial DNA

recipient'bacterium's
nucleoid

e The bacteriophage adsorbs to a recipient bacterium and injects
Its genome.
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Specialized Transduction by Temperate
Bacteriophage

_donor bacterial DNA
phage DNA

recipient bacterium’s
nucleoid

e The bacteriophage genome carrying the donor bacterial DNA inserts
into the recipient bacterium's nucleoid.
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Specialized Transduction by Temperate

Bacteriophage

e

ADSORPTION
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3.3%4& (conjugation)

( “#” ) @&
%%ﬁmn&
B 4% AU 2K S —
F IR Y 6

AHgabiayg (‘47 ) fakk
ﬁ$ﬁmmwa% # /3 F fa A
LB L ERLE ARG, X6, AT
m%ﬁ&@%%o

o kY el
AL, Al B
P it it 3 %
1% /5 % a3

/s
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F* conjugation

This results in the transfer of an F+ plasmid (coding only for a
sex pilus) but not chromosomal DNA from a male donor
bacterium to a female recipient bacterium.

One plasmid strand enters the recipient bacterium while one
strand remains iIn the donor. Each strand then makes a
complementary copy.

The recipient then becomes an F+ male and can make a sex pilus.

Other plasmids present in the cytoplasm of the bacterium, such as
those coding for antibiotic resistance, may also be transferred
during this process.
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F* Conjugation

N, sex pilus
donor's

nucleoid

F+ plasmid

F+ male (donor)

{ recipients |
, nucleoid =

F- female (recipient)

e The F* male has an F* plasmid coding for a sex pilus and can
serve as a genetic donor.
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F* Conjugation

sex pilus £

donor's
nucleoid

e The sex pilus adheres to an F- female (recipient). One strand of
the F* plasmid breaks.
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F* Conjugation

nucleoid

e The sex pilus retracts and a bridge is created between the two
bacteria. One strand of the F* plasmid enters the recipient
bacterium.
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F+ Conjugation

F+ plasmid

; /\ sex pilus
sex pilus Y Gl
, — érecipienl’s §%

donor's
nucleoid

e

) {
% nucleoid =
e

F+ plasmid

e Both bacteria make a complementary strand of the F* plasmid and both
are now F* males capable of producing a sex pilus. There was no
transfer of donor chromosomal DNA although other plasmids the donor
bacterium carries may also be transferred during F* conjugation.
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F* Conjugation
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Hfr (high frequency recombinant)
conjugation

e An F+ plasmid inserts or integrates into the nucleoid to form an
Hfr male.

e The nucleoid then breaks in the middle of the inserted F+ plasmid
and one DNA strand begins to enter the recipient bacterium.

e The bacterial connection usually breaks before the transfer of the
entire chromosome is completed so the remainder of the F+
plasmid seldom enters the recipient. As a result, there is a transfer
of some chromosomal DNA, which may be exchanged for a piece
of the recipient's DNA, but not maleness.
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Hfr Conjugation

male (donor)

F+ :
plasmid sex pilus
donor's
nucleoid OJ—
inserted

F+ plasmid

o -

Hfr male (donor)

e An F+ plasmid inserts into the donor bacterium's nucleoid to
form an Hfr male.
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Hfr Conjugation

inserted
F+ plasmid

sex pilus &

\
donor bactenum's DNA

e The sex pilus adheres to an F- female (recipient). One donor DNA
strand breaks in the middle of the inserted F* plasmid.
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Hfr Conjugation

inserted
F+ plasmid

| [recipients
%4nucleoid '

7
donor bactenum's DNA

e The sex pilus retracts and a bridge forms between the two bacteria. One
donor DNA strand begins to enter the recipient bacterium. The two cells

break apart easily so the only a portion of the donor's DNA strand is
usually transferred to the recipient bacterium.
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Hfr Conjugation

Y, sex pilus

transferred
donor DNA—

inserted
F+ plasmid

donor's
nucleoid

e E‘N
f@“"’\

/4 2
é‘recapient‘;ﬁ"
g\rludeold §as

e The donor bacterium makes a complementary copy of the remaining
DNA strand and remains an Hfr male. The recipient bacterium makes a
complementary strand of the transferred donor DNA.
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Hfr Conjugation

N, sex pilus
4 recipient's

nucleoid

inserted
F+ plasmid

donor's
nucleoid

integfated

donor DNA
e The donor DNA fragment undergoes genetic exchange with the recipient
bacterium's DNA. Since there was transfer of some donor chromosomal

DNA but usually not a complete F* plasmid, the recipient bacterium
usually remains F-.
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Hfr Conjugation
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Resistance plasmid conjugation

e This results in the transfer of a resistance plasmid (R-plasmid)
from a donor bacterium to a recipient. One plasmid strand enters
the recipient bacterium while one strand remains in the donor.
Each strand then makes a complementary copy.

e The R-plasmid has genes coding for multiple antibiotic resistance
and sex pilus formation. The recipient becomes multiple
antibiotic resistant and male, and i1s now able to transfer R-
plasmids to other bacteria.
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R-Plasmid Conjugation

N, sex pilus
donor's

nucleoid

R plasmid

Bacterium with R plasmid:
multiple antibiotic resistant
and male (donor).

{ recipients |
L nucleoid =

Bacterium without R plasmid: antibiotic
sensitive and female (recipient).

e The bacterium with an R-plasmid is multiple antibiotic resistant and can
produce a sex pilus (serve as a genetic donor).
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R-Plasmid Conjugation

sex pilus £

donor's
nucleoid

| recipients |
%_nucleoid = ;

e The sex pilus adheres to an F- female (recipient). One strand of
the R-plasmid breaks.
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R-Plasmid Conjugation

.
donor's f/f N 2
nucleoid ‘ - iy
greapienl's )
% nucleoid =
%'Vo o

e The sex pilus retracts and a bridge is created between the two bacteria.
One strand of the R-plasmid enters the recipient bacterium.
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R-Plasmid Conjugation

R plasmid
CLER sex pilus
nucleoid
sex pilus

{ recipient's &
% nucleoid

R plasmid

e Both bacteria make a complementary strand of the R-plasmid and both
are now multiple antibiotic resistant and capable of producing a sex pilus.
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R-Plasmid Conjugation

Oo~ O
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4- I\E

L
-

T#l4 (protoplast fusion)

o WAAGT ik, RABUKTAGAMBGRLSE 4 4
A, ARABGLAAGATUULALAHNBARERKG.
@&/t A E ek AF (fusant) @it 42,
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55

R

0])

O :
C) —» Mix «—

SO
Dissase resistanct Cell culture protoplast
leaf protoplast
Protoplast fusion
l PEG + high Ca**
< r/_\
O l.\ = ® )
B B e
Agglutination and adhesion
l PE G dilution
(Heterokaryon)
Fusion
l C ulture medium
Mitosis

Hybrids (Synkaryons)




B4

H

8.5.2 HZWEYRIE

o 1. ML x (sexual hybridization ) : 4 % A2 9] éf}:f%/\ﬁof’ﬁ

\ﬁifﬁ LRk ETa, #FA i%ﬁkw’%i/‘a’&éﬁ AT

A4 74 ( parasexual reproduction sxparasexuality) 5 :#&
ri % (parasexual hybridization ) : &4 4 78 & —# £ 4
*T’ﬁ‘ WA, 128K 24— ’H’iﬁﬁﬂ‘;\ fo”f@iﬂﬁ’i%
ANFRA GO AR@BL L s, LRURAK>EGF XA
GHE AT L AR EAF A4 EATF. FALTFLLAE, A
£ R F 48 P, K K& Aspergillus nidulans. Neurospora
crassa
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S~ o DN

The parasexual cycle
(genetic recombination without meiosis)

] 7% ¢ (anastomosis) ;

. 7 XA 44 (heterocaryon) ;

1% &. 4~ (nuclear fusion) =% 4% & (caryogamy) ;

. K@ AL R 4 (somatic crossing-over) Fe & 4z 4k 4bo
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The parasexual cycle

Plasmogamy
I | I I
Homokaryons Cytoplasmic } [
(haploid) 1

A e o W ¥
2 l &n‘:ﬁ; haploid
He’;erokaryons
Restoration |
5 g:‘artl:ploid . OIO.. l
| o 3 l i
,O D O . e — Heterozygous diploids
.. . :/’ Q:\ Oe

Haploid Diploid

A

Parental and
recombinant genotypes

(1) Hyphal conjugation (plasmogamy). (2) Heterokaryosis. (3) Nuclear fusion (karyogamy).
(4) Mitotic recombination and nondisjunction. (5) Haploidization and nuclear segregation
leading to homokaryosis. 08
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5

8.6 &

o £ ® x 42 ( genetic engineering) K & 4 DNA # K
(recombinant DNA technology) £ 1§zt 424z 8. 69 2~ F
Fledesb L, Prie G E GRS ARAR G TR E, #H~
AP, FAgraAZty gioxih, AMKKTKA
TERAAY, AL HEIAL I« K

o KA ILHARANRKAEMFE. WFFillF L5 F LR A4
#HEMZORMLEAF L AR EG, AAMTHAEDY
ZHERF B RGL LA Z A, BAEYH LKA T G%
AR Fo 5 & A2 PRA R THNK G A
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ERARRDE

H

8.6.1 &t

o 20 LZI0F KA LN, = NE@BHBRGEZAR
Bris @z T Aak, X=fi# KA.
DNA & # £ 47 %]
DNA# o+ %%
DNA & 45 & m] 4
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DNARY4F RV E

o 1970 % Smith% AAHemophilus influenzae % o~ & & # # 49 £
DNA & F& 4] 8 o
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DNAR 9 F 52 &

o 1972%Berg% #SVAODNA L% AL 9 A B Aaze 4, % T
41 22 X, DNA® E 44K,

o 1973 # CohenfeBoyer % #pSC101 /i 42 1 4 #, 4 5ERA 4 ¢
onkfF SOt AR s, #4 T AKDNAR
A MGATE, & kREILTDNAG H>F £
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DNARY (R 1% ] Fr

o 19754 Sanger £3> 24 2 7 8k &k ol DNAS 7] 69 4 Ko
o 1977 #Gilbert2s 2 X & 2 T /% o 2 DNAA 7| 49 # Ko
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5

F—1TEREIENm

o 1977 # Itakura #eBoyer HA LAt £ KH FH 4| %
(somatostatin SMT ) X R4 & & & K4k, # 4 X4 &
Akt Ry, FEEF-NEARLTARGAS, 19824,
LA LA A AA a4 K LHEFT KRB
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ERIERIRE

H

8.6.2 &

1. ae AR o #4%

Rk DNAF 2~ F

&g MRNA & 3 % & cDNA

% o A

2. Ehega

3. awARLHXADNAGARI T4
4. FHEEMRT| LR fa A
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o O1 &~ W

1.

H

8.6.3 At

T #E R A A,

L

AR 1424 4.

TG % (recombinant insulin)
# 41 7% % (recombinant vaccines)

2.
. # L A (transgenic animals)
. A B &7 (gene therapy)

. AR LEEAKEARTHE A
. RATRARLEEL

3 £ B4 (transgenic plant)

Nid
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8.7 HIMARIR. SR

8Tl YMWEEH AN

& ¢9 2 & (degeneration) : A A A HKG & k &
& RS A 6 B F

B &5 F 4+ (rejuvenation) .

B GEHR: LAARCELABRERGHERT, A4 oF
Fol 2 A PUHBEF TR, AREGOHEAPREIHAGEELE
EgNR, WMk Pl F g E e A WK — Ao
FAGAN: AAMOLFREGARBAARE FTAZR
Wk TR ST it A G R T, UGG A E
M E SR
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RIRAIPA LE

1. 424|444 K&

2. #lg e HFGEALS

3. Al AR R £ A 4 fa B0t 4T 45 AP 4R 4K,
4., FAAKGAUFRERT &
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EMRIEIE

o 1. & HF
o 2. Wit@®EAALKYITEMN

o 3. Ak EILEYNK
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8.7.2 EMRY R

B A 42 %, (preservation) : st RBREZGH H KR AE K G A
AR, ABEMAHUE 2@ L5, LB EMGFRE
%

1 55,69 B ]

1. #uh A G A (type culture) t94k & 4At, R4F £ AL
g AR (4o 430 F. F3%5) o

2. £l EHoKMEKBOGTBELESF (T4, KR, 4.
BHFK. T A KRR RBE P FoF)
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B MR %

o 1. 4K 3E AIEB R
o 2. BAIEAEB ik
o 3. Firizi ik

111



