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vecture 1. Columbia Univeraity. April 6, 1964

Principles Derived from Study of Bacterial and Phage Genetic Systenms

I. the Organization of the Hucleus in the Bacteria:
1. DBA is not bound with protein as in higher organizims.

2. No true nucleus as in higher organisms; a "nuclear vacuole" containing
the DNa.
3. No nucleolus; no nuclear membrane. Ulides LG, )Y

4. DNA in form of a ring. E. coli, K-12; DNA 1,100 to 1,400 microns long.
30-40 Angstroms wide.

5. Replicatiocn of bacterial chromos we: Bemi conservative. Starts at
one position and continues ahong chromosome: Calrns Diagram 91ide s
sutoradiograph Study: fPhotogravh: Slidej,
T———

6. Position of start of replication process: Zxamined in &. coli and
B, subtilis.

(a) B. subtilis: One strain: always sturts at one point and goes in

v

one direction: lys
ind net
Sy ade thr tyr his leu iluval vhe ileu -
Ay,

g

(b) OUther strain: No discovered set position. %Twﬁﬁjm%Wﬂw ﬁmjmw

(c). E. coli, K-12. Relation of sturt of replication to the
sex factor, when present: always starts at F factor:3lide v

(d). No mitﬁ%ic avparatus; cell membrane; particular position;
Mode of growth of bacterium during division. Rlide
“hen F,incorporated into bacterial chromosome - its
replication system dominates bucterial system, as
shown by Nagata. ©Significance important for sex
behavior. wil. return to this.

II. Types of genes recognized in bacteria: (lasses:

Class A:(lgStructural” genes; related to production of ewzymes:

m RNA - transcription from Dis. Frotein - trunslation fron

mRNA
Mutant sites in the structural genes: Diagram p—————rdprrromrt
Coangg w bow ‘-M@om o oud v e - i
Class B: Unly KENA produced: o &@¢§%mA@a
(2) Ribosomal genes - 2 % of genone a“@fmﬁhwwwhm'

s 00 e o> 2sdh aniu” 3 o
(3) Transfer RNA - soluble RNA A 7 known; how acts, miﬂvWVhﬂ&aW@9
Wikt O p:i{;lu.n. P I g izl
(4) Regulator genes —- product not yet known. Fossibly REA
attached to specific oro¥ein

Special classes:(,

(5) The super-suppressors: “ypes ;DRI {’Nﬁfb%p‘ IEL
,. . | A T " P
(a) vup. Garen et al. Cuiwd - S Y Y

L
n

. T ) . . :
(b) Sm certain mutants requiring streptomycin. %hﬁ@?yﬁﬁﬂ“uw
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(6) The "operators" At initiation point of readLnngf DNA of gene or
opa2ron.

ITI. The organization of the genes in the bacterial chromosome.

Reg ks —
1. The operonsj ,9p . . L ,
| g v M M !
or
Op , 1 , X Regulator

+
N
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BExamples: Histidine: Genes -enzymes for biosynthetic pathway to
production of histidine: Slide 9
Urder of genes and enzymes in pathway: )
Position of first enzyme and the operator. Uoor@ination.

2. Blosynthetic pathway - genes not together: Lxample: Arginine genes

Slide w . The Regulator - position; Coordination not as above
P vl o~
3, Salmonella and E., coli: related. Order of genes the same in both
organisms.

4. opecial tyve of gene org nization and control: The Hl and H2 genes
producing flagella antigen: »
“Yuplicate genes; only one acts at a time. vontrol mechanisms —-
will consider along with maize control mechanisms,

LV, Transformation and transduction: significance for relating bacteria to
higher organisms.
o dbetkld
1. Transformation: DNA ,extracted from one strain: placed in nedium with
another; markers present; uptake of DNA molecules; replacement
of DNA in bacterium by introduced DNA molecule,
Extraordinary process: Synapsis on the molecular level; occurs
with great rapidity.

2. Transduction: occurs through participation of episones. Introduce
DNA from one bacterium to another through being carried by the episome,: o
3. The bacterial viruses: DNA viruses, Uifferent types. Different sizes.
Example: The phage prarticle; its parts. Slides U, i®
Attachment of chuge to bacterium: vSlide 43
Insertion of vphage chromosore: olide 4

!

{ /Behavior of bacterium during punsge reporduction: ~lide {7

ijThe phage chromoso e: wambda: Slides 151k 16.3 microxs%ﬁ—
omall phage.  (abwuds wd-B-sd r;, 2

The order of the genes in phage T-4: slide 1%

4. Transduction: rhage v»icks up piece from bacterial chro.ossue:
Infects bacterium. Yoes not cortain its own genes.
No pnare reproduction. iiece from one bacterium to
another. isarkers present:

ede— ) et ann ) fachuria -
Lt )/ \
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5. Importance: Synﬂpsis on molecular level and exachange by '"crossing-over'
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6. Abortive transduction: piece of bacterial chromosome irtroduced by
ohiige does not becone v corporated. Has not right parts for
cross.ng over? ixanmple of action:

flagella genes: Peekonuw - - ém_ fﬁuqﬁﬁl({a Qe -
Q"‘E'U\’W %Qli?— I’f\, W W
w Leealied 5,
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Iilustration: ©lide (9
e ————
luvortance: Haked DA = able to produce mRNA. WNot izcor orated into

nuclear vacuole; passed from cell to cell; cant
replicate!,

/meu /Wm /de

V. Compurison of sbove with higher orginisms: On%&d&ukWquM JM& s

- 1. VYhromosone constitutiors in higher orgrsms: Dila associated with
Hﬁylwg protein. otrands thus much wicer: a¢;des.v
VA frotein oresent Slidezp 0 ©ize of strond: +
- frotein removed T Size of stroand, Chhowatido

(b). came, monolayer - low power S\ Z|
(¢). Triturus - Slide 22
5 (a) " vlidezidistone removed in pz:ts.
3. Activity of DNa: appe=rs that histone must be removed from gene befere

it can produce mRNA. Some cortroll mechanisnm must be precent
for this. Evidence (will he) reviewed by Dr. iicore.

3. Types of senes: Same kind found in the higher organisms. axpect
more sowvhilsticated co trol '"genes" to be sresent in h sher
i organisms.
wan o 4oUrganization of the genes in hogher org nisus: “c@e 3J1tLeth vathways
¢W%N9 in higher organisms as in Z. coli and Salmorells. Genes not
N‘V 13}- organlzea in long operons. Ilore like the arg1n1ne genes in

bacteria. Not even on same chro osoie.
in sounatic cells.,
§5 synapsis of homologous "molecules™ in h.gner organisms,-—- when diploid.
””1& a). Synapsis of homologous chromosores in diptera - standard.
) b). fiode of synapsis: not clear that it is molecule for molecule.

c). Synaosis at meiosis: not altosether a howologous act: Unly
initiated by homology.

d). Under yet unknown CO‘ditions, synapsis must occur in sone cells
in higher organisms as shown by somitic crossing over
(see 6 below).



Leelbure 4

»
(SN A
[ SR

Lyt
ot

o

6. Somatic exchange between homologous parts of chrovoso es in dirploids:
. coo Kedbroed g - | (A i .
a). In fungi - aspergiliusj;- Yeast; ‘etc. Somatic ckhpssing-over in
divnloid <cells is not uncommon.

b). In higher or-anisms: occurs on occasi.ns: Drosophila:stern angn%pud—
liaize: How tested: o
(a) Uytological exam: Xnob exchanges

(b) Rare crossover: cluster on ear: from somitic event.

c). Rarity - sug.ests some special conditions of chro.osoues: baked
DN4?  When gene active with histone renmoved -- like bacteria?

-
H

N{X d). Difficulty of observation in higher -lants ard animals: “haricters.

G
\fc‘%» T. activity of fragment chromsso. es: vomparison with abortive transduction.

a). Pragment of only two or three chromomeres in maize: Active as long
Ra\ as it is within the nucleus. (sh Bz or Just Bz fragment in
case of Bragment Chrorosone 9.) Jemenstration: sar ol mal

Zeo

s

a

b). Chromcso e in separate nuclei - will be active if they h.ve
nuclear membrane. L1f no nuclear membrane formed, genes not active.
nuclear
svidence for function of geres when,membrane present:frances Cl:irk,
becessive gene for divergent spindles at meiotic divisions.

. didg L4 , w’f oAk > 27,9809
BSlides: Anaphase I; Telophase I; Wormal tetrad; viverdien
spindle -~ spore prophase taro.gh first division in 50D

-1

c). Praguent of chrowoso.e — left in cytoplasm: Not active if no
nucle r membrane formed:

(1) appe rance of fragment in cytoplasm: pycnotic o Sndiso

(2) Proof of inactivity of fragment:

W&

!
7

& Break: ®

Behsvior of nucleus.
Use: (&) (Ring chr.bm- ; death of cells).

ITlustratiors: Ring chr. paper,

VI. Summary of important evidence derived from bacterisl genetics: to
present discussion: ~
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ViI. Lysogeny: incorvoration of UNa of episome into bacterisl chromosole .

1. Jhen vhage enters a bacterium, one of two things may hansrpen:
& & ’ o J i

(a) vommences vegetative multiplication, as described above. Ur,
(b) Fhage DHA becomes incorporazted into b.cterial chro..osome. olide 59
AR P s S
(1) Phage now multiplies along v1th bacterial nultlprowtwon.
Repli ation with bacterial DNa replication as purt of bact.

chromoso e,

(2) Presence of phoge in bacterial chromosowme det riined in several
Ways s
() will not allow ph> e of same type to multicly in cell.
Incorporzted phage produces a repressor substunce that
represses first stages of phage multinlication.

(b). FPhage soretimes released from bacteriad chromcsore and
multiplies vegetatively as above: Dbacterium lysed and
phage particles released. Uccurs spontanesusly or
induced by U.V. or chenical treatument.

Lysogeny: name associnted with potential for lysing bact,

2. Position where phage is incorpor=atcd into bacterial chronoso.e: Lwo tyoes

(a) Can enter any location in the b-cturial chronosose: Used for
producing gh*oe for transduction of different bacterizl

charccters: Grow bacteria carrying nnooth ( ph:e DUL in
bacterial chrowosone). Treat with U.V. lizht to release »nhiipe.

(b) FPhage is gncornorated into one puarticular position in bacterial
chro.osome. Example, Lambda phage at locus of gal genes in
bacteria.

(¢) Induce lysis of bambémia carrving lambda. VYccasional vhzze particle

thzt pilcks up part of gal locus; loses part of its own Dii.
W1ll transduce the gale locus at very high freguency as a
conseguence., Called high freguency transducing phoges.

VIII. The sex—factor. 4 DNA carrying episome. Does not lyse the bacteriunmg
l. ¥ factor exists in two differcnt st:tes: In cytoplusm of the bacterium

or incorporated into the bacterial chromosoie.

2. when in cytoplasm; divides along with the bacterizl chro oso.e: ul%ue S
dos its own replication system; associnted with cell membrané.

3. Membrane association of F related to conjugation between bacteria
carrying F and thuose with no F: Transfers the F factor from
mile to female througn the tube: Slide 33 '
e —— o

Mgle Female Female becomes a male when F
Heceived.
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4, Incorooratlgn of ¥ 1nto bacterial cnromo ome: Positions

{ } D
z 0 & ¢

now
L&pS‘ P factor: its replication system,takes over corntrol of initiating
. position of repdication of the bacterial chrouaosome: '"Dominant'.

6. Wwhen incorvorated into bacterial chronos me: carries bacterial
chromoso e into female during conjugation:

B E
N U
¥
it
B 0
[
7. Position of incorporation of F: Varies. Any one position gives

hlgh fregquency of transfer of those genes near the origin. ,
Chromosome entering bacterium takes 120 minutes at normal temnorature
x# Chromosore can be broken off during process; part that has entered ,
can under go recombination "crossing-over" with chromosonwe of
female.

8. Factor -- coutrolling element -- tn F factor that controls enterance of
F into female,(with or without chromosome of %doterla att .ched.)
If within baoterlal chromosoiie, will carry bacterial chromoso..e

along with it. Resembles the controlling factor in Sciara X. T
\’\‘.\
IX. The sing-stranded DNA phages: single strand in phage particle.

Yuring replication, a doubie strand and a ring.shape.

Double strand reguired for replication.

X. Importance of double-strand: Reguired for reduplication of DA,
44§; Reguired for gene action although onely one strand ia used for
T transcription process,

ALt Summary to vpresent of contribution of bacteria and phage to genetics:
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