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TABLE 1r>: COMPARISON BE'IVEEN NT'Ci MUTAGENESIS OK AN

EXPONENTIALLY GROWING 01 1.11 kl- AND A STATIONARY 

PHASE CULTURE OK 14887-1

GROWTH PHASE OK PERCENTAGE AUXOTROPHS

CULTURE

Exponentia1ly 1.58%

growing culture

Stationary phase 0.32%

culture

The mutageni/ed exponentIn 1 ly grow1 ng cultures yielded more auxotrophs 

than the stationary phase cultures. Tho former cultures yielded more 

colonies on TYA plates after mutagenesis. Exponentially growing cultures 

of 14887-1 were therefore preferably used in subsequent mutageneses.
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2.G .2  ETH Y L  METHANE 3UL PHONATE (EMS)

Tlio i.oncenti it Ion ol EMS and the time of exposure to this mutagen was 

varied in .111 ittempt to obtain optimum numbers of mutants. The efficiency 

of mutagenesis was assayed by the production of auxotrophs.



TAbLE lb: EFFECT OK VARY.'SO CONCENTRATION OF F'lfi AM)

EXPOSURE TIME ON EXPONENTIALLY GROWING ri'LTURES 

OF 1488 7 - 1

CONC. OF 

EMS

EXPOSURE

TIME

HOUR!?

it COLONIES 

PATCHED

# OF

AUXOTROPHS

PERCENT

5* 

fa O 2 642 0 0

1% 2 566 0 0

1% 1 508 5 0.98%

1% 3 112 0 0

V -  Number Exposure of an exponentially growing culture of 14887 to 1°, 

KMS for 1 hour give the best frequency of auxotrophs .

3 . 6 . 3  U L T R A V IO L E T  L IG HT ( U . V . )

One very successful round of mutagenesis using U.V light a a mutagen, 

yielded 0.50% auxotrophs. This mutagenesis, however was never success­

fully repeated and the reason for this fai’ure was unexplained. It ap-

9 1
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pe n i'll tlmt tho U.V *-as causing killing resulting In very few, if any 

len «-s growing up on the plates. This moans of mui agenesis was not 

pursued any further.

3 . 6 . 4  Av 4E ORANGE AND E T H I D I U M  BROMIDE

Viii ag<>nesos using .nridine orange and ethldium bromide as mutagens were 

’ m i - e s s ful. The effect >f various concentrations of tho mutagens on

• ! • ■ growth of 14887 wore re;or<led. Acridino orange caused severe killing

ii a concent ration of lu^/ml. Growth was not o!>;- . ved above a concon - 

’.ratioti of 30yg/ml of ethidium bromide.

3.7 THE ENRICHMENT PROCEDURE

- alternative procedure of obtaining sodium taurocholato mutants, de- 

ribed in 2.2.8,5 yielded 5 auxotrophs (1,59%) and 10 possible sodium 

t iiirocholata mutants (2.56°,.). These 19 mutants had a substantially re* 

>lucerI ability to utilize sodium taurocholato and tho other st-itols as sole 

arbon sources, os compared to tho growth of the wild type. Soo 3.8.2



An experiment was carried out in order to compare the enrichment procedure 

to NTG mutagenesis alone. The fo.lowing rosults were obtait.od.



/

i

TABLE 17: COMPARISON OK NTG NUTAGF.NESIS + ENRICHMENT WITH 

NTG MUTAGENESIS ALONE

TYPE OF MUTAGENESIS PERCENTAGE AUXOTROP.IS

# PATCHED # AUXt•ROPH PERCENT

NTG mutagenesis 112 1 0.89%

NTG c;utagenosis +

1 round enrichment

314 5 1.59%

The i-iiri .hm«nt pi jceduro is <1 superior method of obtaining auxotrophs when 

compared to NTG ''utagenosis alone.

3 .8  M U T A N TS  O D T A I N F D

A total of 9938 colonies were patch-cl after mutagenesis, including these 

obtained by the enrichment procedure. Of this total o> were mutants with 

r iduced or no ability to utilze the carbon sources. KD1 was the only 

mutant -hat was totally unable to utilize any of the carbon sources tested
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with tin' exception of glucose. (See Table- 19). This is referred to as a 

c.Ip .in mutant.

3 .8 . 1  AUXOTROPHS

I the o mut.ints, '>8 were auxotrophs. These auxotrophs may prove valuable 

for tut -1 r • • w ;rk in mapping the 14887-1 chromosome.

01 those 38 iixotrophs, 15 were tested for growth requirements by spotting 

onto minimal media plates containing either adenine, B1 or one of the 

amino acids.

\
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KEY: ADE = Adenine PRO = Proline ARG = Argenine TRYP = Tryptophan 

HIS = Histidine VAL ISO = Valine + Jaoleucine LEU = Leucine

3 . 3 . 2  MU TAN TS O B T A I N E D  TROM THE ENR IC HM EN T PROCEDURE

Three rounds of tin? enrichment procedure described in 2.2.8.5 were carried 

out on a mutagenized culture of 14887-1. After the second round of 

enrichment, 19 colonies, patched onto minimal media, 0.02"o sodium 

taurocholate p ates, were identified r i possible mutants. These candi­

dates were streaked to single colonies. A spot test was done on a TYA 

plate and a series of minimal media plates containing the carbon sources 

of interest.

Hie majority were hypersensitive to 0.02°o sodium taurocholate. Growth of 

all (.andMates was very poor on 0.01% cholesterol, stigmasterol and 

B-s i tosterc i compared to growth of the wild type 14887. Only one colony 

i.'ppeared to bo unable to utilize hyroxybenzoate.

All these candidates had a reduced ability to utilize the sterols and 

sodium taurocholate as compared * o the growth of the wild type. However 

no nonutilizing mutant of the above carbon sources was obtained.
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Otti' round of i>nr ichiuent in glucose of a NTG mutagonized culture of 14887 

Rif&spr. yielded  ̂ auxotrophs out of 314 patched colonies. The require­

ments ol these auxotrophs was not determined.

3 . 8 . 3  M U T A N TS  RESULTING FROM MUTAG ENE SIS,  EX C L UD IN G THE  

ENR ICHMENT  PROCEDURE

.-even mutants, excluding auxotrophs resulted trom the numerous rounds of 

mutagenesis. These had reduced ability or no ability to utilize the 

ittroli, sodium tauro holate and other carbon sources, as shown by a pot 

testing. The results of these spot tests are represented in table 19. 

Several taster growing colonies resulted from a NTG mutagenesis. These 

colonies were larger than tho root und appoared to grow up before the 

other colonies. One of these faster growers was identified as a 14887 

dorivitivt using the K3 phage. This was designated KI) 2. It was stored 

in glycerol at -80°C.
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TAILK 19: MUTANTS 0 

UTILIZE S' 

CARBON SO

MUTANTS A

WI LD +++

1 YPE

U.V1 4»++

M 1

U.V 4++

M 2

NTG
+++

KD 1

EMS 4++

M 4

EMS *f+-f

M 5

NTG +++

M 6

U.V *f++

M 7

1

A *= TYA

I) 3 MM + Glicoso 

C = MM + 0.02“„ Sodi 

I) = MM + 0.02°. Sodi 

E = MM + 0.01°,, Choi 

F = MM + r .or, St(>-i

■ 14887-1 WITH 

IT,KOI.S , SODIUM

c I ) E F

+ + + + + + +

+ + + + / - - + / -

4-
+ / -

-

+ + + +  / - - + / -

+ + +  / * • + / -

+ + + +  / - + / -

’ '  • 1 » . + +

mi taurocholau i + 

in laurocliol ate 

sterol

i. i n torol

■:i) ABILITY TO 

VIOLATE AND OTHER

II r j K

++ + +++ +

++ + +

i
- + +

++ + +4
=

++ + ++ +

++ + ++ +

++ - ++ +



V * ' -  

, *

■ . *. *

..

,  \
I

f '
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U = MM + 0.01", p-s 1 tostorol 

H = MM + 0.2“,. Hydroxybenzoato 

I * MM + 0.2% Twoon 80 

J = MM + 2". Ethanol 

K = MM Stock 3

KEY: +++ Very good growth ++ Rood growth + Moderate growth +/- Slight 

js owth +/*- Vory s'ight growth',/As appeared on plate - No growtu

Mutant j was the only clean sodium taurocholate mutant that resulted. It 

was a nonut j 1. Izor of sodium taurocholato since it was able to grow on MM 

+ 0 .0 2 ‘o sodium taurocholate + glucose. It was also unable to utilize any 

-i the other . irbon sourcos shown in tabl.* I1) Including agar. This mutant 

was designated KD 1,

Mutants 2 and 7 were unable to utilize Tween 80 as solo carbon source. 

Mutant was also unable to utilize hydroxybenzoato.

Mi : in* mutants wore poor utilizers of cholesterol. Stigmasterol and 

(5-mitoairr'• 1 sot mod to bo used better than cholesterol.

The mutants can be grouped into 4 different classes namely:

1. KD 1

2. Mutant 7

j. Mut ints 4, 5 and b 

4. Mutants 1 and 2 -

The reversion frnquency of Kl) 1 was 0 .

The altered response of mutants KD 1 and 7 to sodium taurocholate was 

investigated. Liquid minimal media cultures were set up containing 1.20o
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glucose. The following volumes ol a 10", stock of sodium taurocholato were 

/iIso addod:

0.3u 1 )U V 3u! 1 0u 1 30nI lOOjil

Kach sot ol slt-rlle tubes was inoculated with one of tho following 

organ isms:

14887*1, KI) 1, Mutant 7

Tho sets of tubes were incubated at 26°C with aeration and optical density 

'i>) readings it a wavelength of 540nm wore taken immediately one .et 

allowed turbidity.

The results of the experiment are shown in Figure 3.



1488?

— i

I  (3W

M X  ■

1,1 Jp̂ 1' >1 r«• j.i f'si’iiL iiiou of Clio altor'id response of 

mut,inis KD 1 and 7 to sodium taurocholato
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Mat-nit 7 is hypersen,sit ive to sodl i.nuro<;holiito at a concentrntIon of

0 < OH "a (or 1 On 1 of a U)°„ stock in Sitil). There was no Inhibition of grow, . i 

ot either 1 iH<S7 or KI) I at 0 .0 2°, .sodium tanrocholato but there was at 

0.06%.

Thr optimum corn out rat ion of sodium tnurocholato for, Mutant 7 and KI) 1 

was determined. A similiar experiment to the one above was se.t upwitliout 

r ' i i c o s o .

'.he results are represented in figure 4
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•*. 'i tpli i 1 1 r*M ■ ■ t.it inn o f  tho optimum concentration o f

‘■odium t..iuru1.ho!.m> to r  nmi in i '.  Kl) 1 dud 7
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The opLlmum concentrat ion of sod ium taurocholate for growth of both 14887 

and mutant 7 was 0.02V,. This supports tlies results obtained previously. 

KI) 1 cculd not use sodium taurocholate to any significant extent.

3.9 CONSTRUCTION OF AN E .C C L I  L IB R A R Y  CONTAINING 01 DNA

The ultimate aim of this work was to clone the genos for the utilization 

of sodium taurocholate and hopefully cholesterol into the mutant KD 1 by 

complementation.

The DNA of choice to clone into KD 1 would have been 14887. However, 

nocardioform bacteria do not possess a recombr'nation minus system there­

fore tue 14887 DNA would be into,, «tod irL~ 'at of tho mutant.

Attempts were i.wie to iud'.co a rec mutant by expos irig a mutagenized 

culture of 14^87 patched onto T^A to ultraviolet light. The phenotype of 

rec mutants is U.\ sensitivity. The mutants would bo retrieved from TYA 

control plates.

The optimum time of exposure of 14887 to U.V light was 3 minutes. No 

rec mutants were obtained.

To determine which nocardioform DNA would be a suitable alternative to 

1468/ to clone into KD 1, a spot test was done using the organisms listed 

below, rhe object of the spot Lest was to determine which of these 

organisms possessed the ability to utilize sodium taurocholate.
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TABLE 20: UTILIZATION OK SODIU!' TAUKOCHOLATE BY NOCAHDIOFORM 

BACTERIA

NOCARDIOfORM

BACTERIA

PLATES

A B C D E

ATCC 25593 +++ ++ + +

ATCC 14887 +++ ++ +++ ++ +

ATCC 4277 +++ ++ +++ ++ +

ATCC 126 74 +++ + ++ ++ +

A 448 +++ ++ ++ ++ +

A 554 +++ ++ + + +

H .smegmnlis + ++ + +

A = TYA

B = MM + glucoso.

C = MM + 0.02“<, sodium taurocholato + glucose 

I) = MM + sodium taurocholato 

E = MM - carbon source.

It appeared that 12674, 14887, 427/ .... t 448 were able to utilize sodium 

taurocholato better than tho other three organisms. N .smegmatis and 25593 

were not able to utilize the steroid compound as a carbon source.
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The derivative of 12^74, 01 was chosen as the chromosomal DNA to he cloned 

into .he mutant.

An altemi Ive cloning strategy using the shuttle vector pl)A27 was used. 

This required the construction of an E.coli library containing clones of 

01 chromosomal DNA. The library was constructed in E.coli MM294-1 which 

was a rifampicln resistant derivative of E.coli MM294.

The library had to bo. large enough to represent t.ne entire 01 chromosome. 

The 01 chromosomal DNA, restricted with an endonuclease was ligated to 

the shuttle vector, restrlcto-l with the same restiction endonuclease. 

This was then used to transfo-ra E.coli MM294-1.

3.10 THE SHUTTLE VECTOR PDA27

The shuttle vector pDA27 was constructed by a colleague, A.Daffev. It 

consisted of the E.coli plasmid pEcoR251 (the suicide vector) and the 

nocardioform plasmid pDA22 which carried the genes conferring arsenic 

resistance. The E.coli plasmid carried the gone for ampicillin resistance 

and the gene for the Eco R1 endonuclease.

The suicide vector has a single BamHl site outside the Eco R1 endonuclease 

gene and the ampicillin resistance gone. It also has a unique Bgl II site. 

The pDA22 plasmid has a single Bam Ml site. These two were digested with 

Dam 111 and ligated to form the shuttle vector.
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figure j, I ;i.;i ■ );« of tin' »11111 1 1 <• vector , or i (Mil it toll A ions t rurted 

by A .Da t foy.

IIkj suicide vector and pI)A22 u •*r<» unbiuo.-i in two di (toretit orientations, 

known as shuttle voi.tor 1 m d  L , by A.Dtffey. Goth or imitations of the 

shut 1 1 fi vu< tor possessed i rcplicott, in arseni. resistance determinant 

.is � means of selection and <i means of se lc:t tug i. lotted fragments in the
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vector. Nocardioform DNA, digested with Hgl 11 was cloned into thes two 

orientations to determine which of these was suitable for cloning,

A plasmid screen w,.s carried out on the transformants obtained using the 

shuttle vectors 1 and 2 .

Figure e shows that the plasmid screen of transformants obtained from DNA 

cloned into shuttle vector 1 resulted In heterogeneity of inserts whereas 

shuttle vector 2 yielded very little heterogeneity of inserts (not shown). 

Shuttle vectoi 1 was there"ore used for all subsequent cloning of DNA for 

t!a> construction of the S.coli library.

r
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3.11 01 CHROMOSOMAL DNA

lae shuttle vector had a sin,({In Bgl II site. Other restriction 

endonucleases share compatible cohesive ends with Bgl II. San 3A, Bel I 

and Ham 111 were availahln.The recognition sites of each enzyme are shown 

it Table 2 1 .

TABLE 21: RECOGNITION SEQUENCES OF Bam 111, Bel I and Bgl II

i, Sau 3A

RESTRICTION RECOGNITION

ENDONUCLEASE SEQUENCE

Bam HI G,GATCC

Bel I TyGATCA

Bgl II A tGATCT

Sau 3A * GATC

111



3.11.1 PART IAL  DIGESTION OF 01 CHROMOSOMAL DNA WITH SAU 3A

01 chromosomal DNA was prepared as described in 2.2.10.1. Aliquots of this 

DNA were dige led with 0.35, 0.035, 0.0035 and 0.00C35 units of SAU 3A 

t'< r 30 m’nutes at 37°(1. The samples were then run on a O.A",, agarose gel. 

I'igurt! 7 shows that 0.003'i units of SAU 3A partially digested 01 chronio- 

si i’ i DNA. The DNA was totally digested by 0.35 and 0.035 units of enzyme 

whereas 0.00035 units of SAU 3A did not cut it significantly.
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Th«' concent rat ion of 01 cliromosom.il DNA was 268vig/ml. This was calculated 

from .11 absorbance reading of an aliquot of 01 chromosome 1 DNA in TK at 

2 bOnni.

The calculation was as follows:

0DJt., r. SO x dilution factor 

= 0.0c>7 x SO x 600/10 

=> 268ug/ml.

The amount of DNA used for each digestion was 0.241pg.

3.11.2 PART IA L  DIGESTION OF 01 CHROMOSOMAL DNA WITH BGL

Bgl li was used in preference to ?au 3A to cleave the (J 1 chromosomal DNA 

and the snuttle vector, pDA'27. Si.re both were restricted with Bgl II it 

would In- easier to remove the cloned chromosomal insert from the shuttle

vector .

Partial Bgl II digestion would result in larger fragments of chromosomal 

DNA. The enzyme would not cut as uften as it would if a total digest 

O'.cured. Hence, the- likelihood jf cleaving a gene of interest would 

therefore be decreased.

0 1 chromosomal I/NA was 

had lug of DNA .

Bgl II was di’uted as

0.9, 0.09, 0.009 and '

■pared as described in 2.2.10.2. Each digestion

n ■ts of enzyme/p I DNA.
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