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Abstract 

IS into chromatin that 

can 

chromatin structures. 

compacted structures and 

access of 

It was 

link the association the linker 

1 p, and the compaction of yeast 

The gene content of condensed chromatin, fractionated and by 

cultures sucrose gradient ultracentrifugation stationary and exponential 

was compared 

chromatin 

genome-wide technologies. This study 

culture contained an 

the chromosomes, indicating global compaction 

of were 

that condensed 

density on all 

genome during .,. ... "v.<H.u 

addition, 

transcriptional during phase were found to be enriched in 

condensed fraction of the chromatin. 

In order to obtain a detailed view of chromatin compaction status at the level of 

individual 

developed in 

loci 

a reagent to measure chromatin 

protein 

study. Future work will involve 

study. 

a 

use of 

in vivo was 

MNase and 

protein at 

was 
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The DNAin 

Chapter 1 

Introduction 

offers an efficient method of 

of orgamsms. 

to 

lillrodllcrioi/ 

it also 

replication, 

and structure chromatin a 

in the regulation DNA including gene 2001) 

Chromatin can up two states: the transcriptionally 

silent hptprr.r Both and 

distinctive structural (Richards and 

playa role in chromatin status, and many 

processes are controlled 

histone 

The fundamental unit of is the 

1) is formed by the association two copies of 

H2A and which are highly 

(Luger et 

as the histone core 

The 

allows the 

the 

A 

of 

of DNA with 

,;.v.,vu". (Fig. 

namely 

eukaryotic 

known 
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Introduction 

dimers through a hand-shake motif. The H3-H4 dimers associate to form a tetramer 

through a four-helix bundle interaction between the C-termjill of the two copies of 

histone H3. Formation of sirilliar four-helix bundle structures between the C-terrruill 

of H4 and H2B leads to the biniling of the two H2A-H2B dimers to the H3-H4 

tetramer, and the formation of the core histone octamer (Fig. 1.). Approximately 

146bp of DNA is wrapped around the disc shaped core histone octamer in 

approximately 1.75 turns of a left-handed superhelix. 

Fig. 1. Ribbon model representing crystal structure of a nucleosome. Histone H3 

(blue) forms a heterodimer with histone H4 (green), while histone H2A (yellow) 

dimerizes with rustone H2B (red). H3-H4 dimers assemble into a tetramer through a 

4-helix bundle interaction of the a3 helices of the two H3 molecules. The octamer is 

formed through similar 4-helix bundle interaction between H4 and H2B, linking the 

two H2A-H2B heterodimers to the tetramer (image created by Tim Frows with UCSF 

Chimera (Peterson et al., 2004); PDB coordinates are from lKX5 (Richmond and 

Davey 2003)). 
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1.3. Regulation ofllucleosome 

As the fundamental structural unit the of nucleoc.orne formation am} 

determines the status of Two 

ha\e been researched: the modification of the core histones and chromatin 

Contlent of the care histones alter the of core 

histone for DNA. Chromatin are that 

the of core histones other proteins with the chromatin. 

by mechanical alteration of PA'cr .. """ structure. 

1.3.1. modification of core histones 

The N-tenninal the core were shown to be on the 

of a in the crystal structure of the et 

), and are thus to complexes !11 

effort many covalent 

that exert on binding stability of a 

and major roles in regulation of chromatin status and 1 . , 

Strahl and 

1.3.1.1. Core 

The !'Ell"P''''' of covalent are different 

and heterochromatin. An early viU,LH)'ll made between and histone 

acetylation et al .. 1 for 

several hi stone 
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!n i n!ducrinn 

and were imaluahle to the progre~s of the current between 

and It is that 

h:;. peracetyJatiotl histone leads to \veakening of the interaction 

D~A molecule and the core through neutralization. loosened 

the exposure of DNA to other 

or activators. However, and the 

that markers serve to create binding recruitment of 

other proteins. In in S. cere,'isia(Y havc revealed 

affinity in rirro H4 

et at 

et a 

H4 tail provided an appropriate binding site for 

the mode of 

between 

complexes that 

III 

involved in RNA 

of histone 

and 

with transcription 

subunit 

II (PoIU) basal 

m IS 

is better Several 

were found to display 

130 

a 

is a histone 

the 

which are 

to the Pol II 

Evidence core 

mutation studies. In S. 

genes 

by the putative HAT 

et al .. 2005). 

histone 

and transcription was also by 

of 

in histone 

-4-
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lnrrudlll'lioll 

On the histone activities correlated \\ itb 

The deacetyJation Rpd3p. a protein \\ hich with 

the 

In 

found to be 

and Cme6p. was to play an 

acti but capable of 

in transcription repression. Direct 

and 

a knock out S cerel'isiae gave an 

with 

with 

of repre:'lsed 

histone Hi and 

from 

role 

was 

1I1 

acetylation and de acetylation on a global scale ( 

of histone 

et a1.. 2(00), 

1.3, 

Another studied histone 

was shown to be 

on the 

on Arg17 the N-terminal 

methylation and 

In S. 

the 

). The same group 

information 

transcription of 

lp H3 Lys 4 

reported H3 

Sir3p in vitro 

IS Histone methylation 

repression. In vivo 

demonstrated a link core histone 

estrogen-inducible gene (Bauer et 

was found to necessary to 

Isw 1 P in vh'o 

4 methylation 

,rL,"V."U ef a1.. 2004). 

et (ll., 

of 

findings 

promoted formation 

heterochromatic 

-5-
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llil milliClio!! 

The connection histone tramcription hu<; abo 

. Tile identification ur human SUV39H 1 and murine 30h as 

SET-domain methyltransferases. to the discovery Ihat 9 

(Rea et al .. 

9 the same H3 

methylation at 

heterochromatin 

9 by SUV39H 1 histone methyltransferase also contributed towards 

by as for the 

HP 1 protein ill t'h'o et (II.. I ). 

have been identified in 

organisms. a to reveli a methylated has been The lack of 

evidence for a lead to the l""ll'U"S that methylation was a 

event. that 

in a "switch'" fashion as other covalent U"j~'H~ 

revealed 

(2004) showed that human peptidylarginine 

methylated arginine in vitro, in a 

In PAD4 was 

level in histone and H4, and an 

the in methylation. In a similar study by 

imination of "rennIn" on histone H3 tail was 

I. Furthermore. 

hormone inducible 

shown that 

two 

histone methylation. et al. 

4 (PAD4) was able to convert 

referred as 

a 

leveL correlated to 

et al. (2004). PAD4 

to prevent 

a repreSSIve on 

results presented a novel 

regulatory 

methylation/demethylimination. 

through coupled ... <,LVL." 

-6-



Univ
ers

ity
 of

 C
ap

e T
ow

n

If 21 ,"( ,cl/lfe't I(ill 

1.3. JJ Core histulIl:' PllOlpllOl"Y/atiol/ 

Phosphorylation of core histones has been obsened to function in a concerted fashion 

with other cO\alent modifications. In DrosojJhila. H:; pho~phoryJation at Ser lOis 

coupled with acetylation of Lys 14 on histone H4 during the equalization of 

transcription from the sex chromosomes. where the male X chromosome was repOlted 

to exhibit a tv,o-fold increase in its transcription (Lucchesi. 1998). In addition. 

phosphorylation of the histone H2B Ser:n residue by the carboxyl-terminal kinase 

domain of Drosophi/a TAFI, correlated with transcriptional actiYation that promotes 

cell cycle progression and development in Drosophila cells and embryo (Maile et al., 

2004). A study in Tel ra/tymel/a lhermuphi fa by We i et a r (1999) presented a different 

picture for H3 Ser 10 phosphorylation in the regulation of chromatin structure. 

Through a mutagenesis experiment, Wei e! al. showed that phosphorylation of H3 Ser 

10 vvas required for proper condensation in the micronucleus. Chromosome loss and 

defects in chromosome segregation was observed in the micronuclei of mutants 

lacking phosphorylated histone H3 during mitosis and meiosis. respectively. 

1.3.1.4. Core histone ubiquitylation 

A covalent modification with less well-defined role in nucleosome dynamics is 

ubiquitylation. Studies on histone ubiquitylation showed a linkage between histone 

methylation and ubiquitylation in S. cerevisiae. Sun and Allis showed that disruption 

of Rad6p mediated ubiquitylation of H2B Lys 123 led to the abolishment of H3 Lys 4 

methylation (Sun and Allis, 2002). Ubiquitylation of H2B tails thus seemed to provide 

an additional level of control to the regulation of other histone modifications. Further 

support for this view was provided by another investigation on the effect of an 

-7-
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i!lIroduCil(!i! 

lIbiLJuitin-~pecitic protease (Ubp \ Op) on gene silencing. lTbp 1 Op targd\ and 

dc-uhiqLlItylates hislOl1l' lI2B at te\omeric regions. and is a~sociatcJ \\ilh a reduced 

len:l of H3 L.ys -+ methylation. Disruption of UBP f(j resulted in 1l1creased H3 

Lys -+ and Lys 79 methylation. as well as reduced association of Sir2p at telomeric 

regions (Emre el 01 .. 2005). This finding demonstrated the linkage between 

deubiquitylation by Ubp lOp and heterochromatin maintenance at the telomeric 

regIons. 

1.3.1.5. Globular domaill cOI'alenl modifications 

ApaJ1 from covalent modifications of the histone tails. high resolution studies using 

mass spectroscopy techniques revealed a number of covalent modifications that 

occurred in the globular domains of the core histones (Zhang et at., 2003). Several of 

these newly identified histone modifications were positioned on the surface of the 

histone globular domain, placing them in close proximity to the DNA molecule, 

which led to the suggestion that these modifications could directly regulate the 

interaction between DNA and the histones (Cosgrove et a/ .. 2004). 

1.3.1.6. The "hislone code" hypothesis 

These covalent modifications of the core histones work in a concerted manner. and 

display interdependence to each other. The correlation between different patterns of 

histone modifications, associated with different chromatin regions, led to the "histone 

code" hypothesis. Interplay, such as the coupled H3 Ser 10 phosphorylation and H3 

Lys 14 acetylation, the mutual exclusion between H3 Lys 9 methylation and H3 Scr 

10 phosphorylation, and the dependence of H3 Lys 4 methylation on H2B Lys 123 

-8-
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ubiquityJatiun. \\('r(' Just sOl11e of the interactions that clues to\varcls the 

a "histone Llenuwein and 

and Alii..,. ). 

1 Chromatin reInodelliI complexes 

In to the 

IS 

that utilize ATP energy source to 

fashion. 

1. 

chromatin 

of the complex 

protein such as 

and human SWIISNF, share 

and two conserved domains 

2001: :\largueron er al .. 2005: 

of the core 

structure in a non-covalent 

groups 

can 

et aI., 2000). The 

RSC 

to the 

group 

Brahma 

of a bromoclomain in the C-terminus 

the ATPase 

protein subunit. The ISWI group chromatin remodeling 

the Sv,'i2/Snf2 

includes 

l1ucleosome chromatin and remodeling factor 

A group 

of similar 

chromatin rpn'1r.rIP and histone activities. 

-9-
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Illl!"(Jtill('lir}11 

132.2. FlillctiollilH!, 

The identification of 

chromatin 

chromatin act 

200 I). However. different 

sub:;trate 

nucleosomes. the 

ISWI group 

The best 

motifs in the R.:.JA helicase and the different 

et 

in the 

DNA 

ng 

ali on that ATP-dependent 

(Flalls and Owen-Hughes, 

display different 

group is stimulated by both naked DNA and 

and Mi-2 group,; reguires intact nucleosomes. The 

Is for both ATPase and nucleosome 

Brehm et 200()). 

chromatin 

and on the HO gene The 

revealed the recruitment 

necessary for the HAT. This 

late 

in a 

"\"'""'''~llL HAT was observed at many genes 

2000). Krebs et al. proposed a model where 

of GCN5-dependent HAT regulates late mitotic gene 

through disruption of condensed chromatin, 

of histone tails for stable GCN5-dependent HAT 

The formation of nucleosomes is the basic level 

studies revealed condensation arrays at 

At low the array 

10-

IS 

the 

not 
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condense into a structure. However. in the linker histone 111 

non-essential hi~tone protein that does not form pali of the octamer. 

resulted in the formation of a more comlen~ed structure. termed the 30nm fibre (Finch 

and Thoma et 

The than the core and are 

not in the nucleosome cores. The a 

with a core leads to the formation a chromatasome. Evidence of linker 

association with nuc\eosome cores was provided footprinting 

where DNA was 

cleavage the addition of histone : Wolfk 1 

1.5.1. histone 

Unlike core histones. histones are conserved between In 

different of linker histones have been found to be associated with 

aVian 

The structure of the 

(Khochbin 

of a 

1994). The X. 

histone H5 is specifically found in 

H I family is 

linker 

In 

different 

The structure of metazoan linker histone HI is a short N-terminus 

tail. central globular and a rich C-terminus (Harvey and 
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200.+), The linker histone contains 1\\0 

a shon. I \ sine-rich 

Another the structural of the linker that 

the and linker histone 

conwim no (Hayashi ef 9X7: \Vu 1'1 af .. I 

Functioning of linker histone 

It is accepted that the linker histones tmvard of DNA 

partially the D:"iA between the 

nucleosomes with the highly y C-terminal tail. The 

highly for linker histone binding was demonstrated ill viro 

condensation was shown to also be 

(Carruthers and It was 

that the a supportive in higher order structure 

chromatin. In addition to neutralisation. 

it was that the linker histones may in direct 

and 

. Linker is not a global of 

The chromatin, especially in the prevents the 

access of acti vators to their 

have to our "'UaUJll'", of the of at the 

-12-
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nucleosome !eye\. The inlluence of structure. the 

of on gene understood. olllhe 

contribution of the structure to regulation haH' been 

the effect of linker on transcription. Linker hi stones were 

of as a repressor (Croston et al.. 1991) 

showed that linker histones lli 

In the protozoan removal of linker 

\\a5 not lethal and did not result in any phenotype. other than enl nuclei 

(Shen et Examination of transcription revealed that transcription 

of a was not affected the absence histone H J However the 

mutant (Shen 

In an 

1.6.2. 

Asa 

a small amount of genes 

in the absence of Hholp 

histone, 

lO-fold in a histone Hl 

y, of 

another gene. in 

histones act on a 

and induction. rather than 

s. cerevisioe 

of 

a II1 

et al., 200 1). 

positioning and transcription 

of the linker histones must in 

concert with other elements to exert transcription ma 

manner. In the the 

of the 

-13-

and somatic 5S rDNA genes are 

the 5S rDNA 
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j1lj'·(JLiII('/t(J}; 

gene to the 

histone B4 \\ith 

t;. pe correiait's with the 

somatic histone H I. The 

TFIIL\ from binding to 

somatic rD::'>iA gene (Sera and 

acemen! the cle~1\agc :-.tage linker 

histone HI sekcti\e!y bJocb 

5S rD::'>iA gene. but not the 

as')ociation of histone 

HI 5S rDNA gene the l1ucleosome such that all of 

the HI at 

the somatic 5S rDNA gene "~'n"'"",,, 

was still available to transcription 

the nucleosome such that the 

on the equal affinity of 

histone HI for both the 5S rDNA genes, the authors concluded that the 

5S rDNA was pnF'n(1pnt on the positioning of the 

histone HI. to sequences. The 

3'end 5S rDNA gene was a 

and hence the 

rDNA presents a model of how a 

through the assembly of 

another in vitro study 

and somatic rDNA 

selective 

two genes was found to 

selective 

histone wa~ able to 

structures. 

nucleosome mapping of the 

a different model for the mechanism 

rDNA by histone HI. 

different. 

at the 

at 

model that both HI TFIIIA was dependent on the nucleosome position, 

and that TFIlIA binding oUlt-C()mOcl[ea HI binding at the 

preferentially bound to the nucleosomes at the oocyte 

gene, while HI 

gene. The binding of each 

element \vould exclude the of the other (Panetta et . 1998). 

- 4-
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different models for the mechanism haH: be":ll both models 

the role of 

the regulation of gene 

indirect e\idence 

m the form nucleosome 

A knockout study in mice has 

of histone H I mediated chromatin 

lJl gene After inactivation of three linker 

histone HI Hid and Hie), mutant mice a broad 

range 

was found to the 

that histone H I was essential for normal mouse 

The level HI in 

nuclei 

mutant 

of thymus nuclei of 

to \\ mutant did not reveal 

a reduction in nucleosome length was observed in the same study_ 

and the magnitude of the reduction related to the level HI 

The of histone HI on promoter nucleosomes could also affect 

the affinity for their The 

mOllse mammary tumor (MMTV) promoter is activated through the 

between (PR) and nuclear 1 (NF I), where the binding of 

PR to hormone ,'pen"r,,, elements and recruitment chromatin 

the NFL The association NFl to the 

enhanced 

structure, which resulted in the activation of the ef 

The association HI basal as well as PR or NF I 

the However, simultaneous presence of PR and NFl at HI bound chromatin 

of MMTV promoter resulted in increased of PR and I, as well as 

15-
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tran~LTiptil)n from the \lMTV promoter. Analysi~ of the translation and rotatiollal 

setting of the promoter l1ucieosomes revealed that in the presence of 11 1. a higher 

pOl1ion of the nuclcosomes adopted a dominant position. suggesting the 'l\abilIzing 

effect of H I on a particular setting of the promoter lluclcosomes (Koop cl (II .. 20()3). 

1.6.4. Chromatin compaction by non-histone proteins 

Apal1 from linker histone HI. several other proteins have been reported to be capable 

of regulating transcription through formation of distinct chromatin structures. The 

human MeCP2 is a DNA-binding protein that can selectively bind methylated CpG 

c1inucleotides. It has been proposed that MeCP2 acted as a specific DNA 

methylation-dependent transcriptional repressor. The MeCP2 was shown to bind 

reconstituted nucleosomal arrays and induce extensive compaction of the nucleosome 

arrays into condensed secondary structures. This MeCP2 mediated compaction was 

also shown to be independent of salt presence (Georgel et aI., 2003). In Drosophila 

melanogaster. Polycomb Repressive Complex 1 (PRC I) of the Polycomb group (PeG) 

proteins was able to induce similar extensive compaction of nucleosomal arrays ill 

vitro. The induced compaction was found to be dependent on PRCI core complex­

nucleosome interaction. but the histone tails were not essential (Francis et aI., 2004). 

The ability of MeCP2 and PRe 1 to mediate extensive compaction of chromatin 

suggests possible alternative agents that can influence transcription by acting as 

chromatin architectural components. 

-16-
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1.6.5. Linking chromatin compaction and transcription acthity 

of global chromatin architecture has also 

into the relationship between chromatin dynamics and 

\aluable insight 

Chromatin of different 

this 

and 

Gilbel1 el (/1. 

open chromatin fibres included 

can 

found between open chromatin and gene 

to density. Based on 

the distribution of condensed 

The authors that 

but no correlation was 

as inactiye genes could also be 

at an active gene could in a low gene 

a 

The picture 

structural '"'V,'U,"'V 

been observed on many 

the complete 

thus 

of gene 

chromatin state its 

fibre. 

into the relationship between 

IS an one. The influence of 

has 

chromatin 

in 

to an efficient 

molecular tool would invaluable. A recombinant protein capable of 

chromatin status, without any treatments that might disrupt the native 

chromatin structure, is desired. This study the and such a 

recombinant 
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Pre\iOUS studies within the haH' shcm!1 that 

Hhol associated \vith the chromatin 

Hho 1 p occurs in a random 

data). The involvement of Hholp in 

stationary 

(Schafer and 

histone. 

the 

unpuhlished 

appears to to elucidate a possible role Hho I p 

lt1 this aims to identify of 

in the S. cere~'isiae in terms of chromatin status 

a as 

an opportunity to gaze into local 

status at resolution. 
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Chapter 2 

~1aterials and methods 

The W303 strain ") CAN/kulll-IOO 

his3-11. 11,15 -c 112 

1:URA.3. -3tl. -1 I/ra3-11I1ra3-l) was used in study 

a 

the isolation 

soluble chromatin. Pre-inoculums were by 

into YPD [1 extract, 

medium and overnight at with orbital (200rpm). All cultures were 

inoculated with a 1 ml volume of pre-inoculum. and grown at 30'C with orbital 

protein was from DNA 

volume phenollchloroform/isoamylalcohol 

vortexed a Vortex 

1Omin. mixture was then 

The aqueous 

volume of chloroform/isoamyJalcohoJ 

of an 

.v:v]). The mixture was 

Inc.) at maximum for 

for 10min a bench-top 

into same 

vortexed for 5 min at 

was at 16100g 5 and the 

collected. 
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, , 
lncf/Uh!S 

A HllUl11e of' absolute ethanol ( t\\O times that of the 

as well as a \'olume of acetate. a to that of the final \olume. \\as 

added to a D~A was incubated at for at 

at for 1 at full speed on a 

was decanted and the pellet was ll1 

70s;( ethanol. The mixture was incubated at for IOmin and 

the DNA coUected by at IOmil1 at full on a 

micro-centri The was discarded and the DNA pellet dried a 

agarose \vas in 1 x TAE (40mM pH8 20mM acetic 

agarose were with 116 volume of 

6x 

took in 1 x at least 30min. m 

ethidium bromide for In 

The DNA in the agarose gel was with an UV 

·20· 
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2.5.1. chromatin preparation 

Exponential and stationary 

reached an of 

umes of 5 I and 400ml 

and 

contained approximately 

phase 

culture of S <cerel'isiae were isolated after 

0,5 or a time of 6 

were used 

. since these \'olumes 

the stated Cel 

\\<er-e at3000g a lA-17 rotor for 5min 

and washed t\vice in S buffer (1 AM sorbitol. 40mM HEPES. 7,5. 

(v/w) ImM 

were in S buffer and incubated at 30°C 

were 111 

at 3000g. in a lA-17 rotor and the wet the 

noted, The 

of 

the 

was spendf~d in S 

in a volume (in 

was 

5 mM DTT (Fluka) and 

4 times the wet 

to at for 

Spheroplasts were collected centrifugation using a J A-17 rotor at 

and washed Il1 S buffer. The spheroplasts were 

a F ( 1 

for 

400. 20mM PIPES. MgCb, ImM that was wet 

weight of 

10 passes of a 

(20o/c 

(in 

dounce on 

7% 

The resuspended spheroplasts \vere 

The lysate was 

Fico1l400, 

-21 
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Hillenuis liletiwr/s 

I m\I P\ISF) and spun in a rotor (Beckmanl 30min at at 

nuclei were in one volume of F and 

was at 5min. Cell 

1/\-20 rotor. the ~uclei pclleted of 

the su pematant at for at 4c C in a 1/\-20 rotor. 

The nuclear let was 111 of D buffer (1 OmM 

O.5mM O.lmM ImM 

and at for 15min. Chromatin was addition of 10 Vlml 

to for 15 min 

and "'VIJIA.U 1110 volume and on 

chromatin were pelleted a bench-top 

at 14000g 5min. Digested was solubilized by 

resuspending the pellet in 2ml Y-PER and incubating at room 

The soluble chromatin was collected as for 

supernatant 

micro-centri fuge . 

The isolated 

O.lmM EGT/\, 

7 at 

with 

after at 12000g for 2 min 

............ ultracentrifugation 

chromatin was immediately loaded onto a 

containing 

80mM 

a SW28 rotor 

(lOmM Tris, 

was 

Fractions were 

upward displacement using slicrose 

a 

at 83000g 

m aliquots) 

The aliquots as well as a sample the total input >V,ULl.'\.. chromatin were 

-22-
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K(l ) in Ie; (\\/\) and further with 

\\itb DNA was collected ethanol 

in TE ( 10myl Tris, pH I m:\1 EDTA) buffer The 

DNA sucrose \\ere anal on I I. \V/\) 

agarose Gradient encompassing a range of DNA 

> 1 were identified. 

2.5.3. Purification of condensed and decondensed DNA 

Selected of 

size IOkb lkb 

were excised on a 

induce to DNA 

«lkoto 

DNA 

DNA 

lkb (designated 

was able to 

of a UV source, and DNA was further purified with a QiaQuick Gel 

Kit 

2.5.4. Quantitative peR 

The concentration the DNA the ROXl and 

was by PCR in sucrose 

the samples recovered from the sucrose gradient following 

as well as 

purification. The 

standard curves were construeted the PCR products of the three genes at 

that from lOnghLl to 0.1 pg/~ll. Reactions were 

Ltd.) and Green I was added 

a protocol provided the The were 

-23-
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IIlcubated at C IOmin acti\ution at The 

cycling were set to 9S C for I Ssec. 50 C for . and 72C for 30sec. 

The kinetic PCR was on a RG3000 instrument ( 

Research) and usmg 6 software 

Quantifications for DNA samples were in triplicate all three genes. 

probe "D ........ ·O .. , ..... 

DNA from the total input and 4kb region the fractionated sucrose gradient 

were with and ester USll1g an labelling 

method. Aminoallyl-dlJTP was incorporated into 

PCR method. The reaction round random 

3~l! DNA A 

). of BSA. dNTP 

2mM 

Ten was 

to a final 

and rapidly to 1 

was achieved 

at 

PCR was a 

peR ""'<H'VH Kit (Qiagen) diluted to volume of 

mix the second round consisted 15~d of the round 

Ix reaction 1 mM modified 

dNTP [mole:moleJ B 

). water 5U 
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was added to a final reaction \olu111e of I I. The 

reaction mix was incubated at 9..j."C for 2min and then c)cled limes at 9-1-C for 

for and for el . 1 

were a peR Kit ) and eluted with two 

nuclease-free water. The concentration of D1\JA was determined 

1 000 (~anoDrop 

of modified dNTP was used in each 

DNA was (AlTlersham 

DNA was 

The with 5 of 0.1 ;Vt carbonate buffer, 

and incubated at 10min. The ester dyes were added excess 

each was at room In 

dark for one hour, with every 15min. The 

\vere removed a 

volumes of 30fll of nuclease 

probe DNA was determined 

two 

a 

probes were measured at 550nm and labeled probes were measured at 

The of calculated for each 

et at., 2000). The IS to 

pmo! divided pmo! which was the 

pmol of DNA = ~' .. c~~~ .. c.cc.~= 
324.5 

of pmolof 

0.15 
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·\/a!( riu Is lUt' rhe hIs 

2.5.6. Microarray hybridization and 

were combined and 

(Sorvall). 

IDNAll )] was 

2min the of the probes. The 

. . 
mIx was agam for 2min and then 

applied to DNA (Bradley 

University '''1,U'L'\.111 was allowed to occur in the dark 16 to 18 hours 

at After the the slides were 

first 30mM 

sodium 0.5% SDS] at 42°C with for The 

microarray were transferred medium buffer (O.5x and 

washed The were 

then at room 

The were ethanol five 

times and then centrifugation at lOOOrpm a swing-out rotor (Sorvall) 

(Hegde et 2000). were scanned on a 4000A 

initial quantification "'''','"1"",.,." 

Instruments ). 

2.5.7. normalization method 

The raw duplicate on each were 

In cases standard deviation of the was 50% 
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the mean \ulue, the ~l\cragc value was "false". but not c.\.c1uded for 

dc)\\nstream anahsi~, The mean for the J)XFI, ROX 1 and SNZI genc~ were 

determined and the awrage of the values for the three genes taken as the "sl jde 

a\crages were 

(input reference) and labeled DNA to a same slide, The average 

abundance (in the DNFI. ROX/ and SNZl genes in -J.kb DNA 

sample and input were determined quantitative PCR , The 

ratio between the average the three genes on the microarray and the average 

value for the three genes determined in the same quantitative PCR was 

as for the The corrected values 

genes on the slide were with this factor. 

ensured that the values analysed for the microarrays were to the real 

concentrations of the genes in the original slide probe 

and allowed direct since all 

slides were adjusted to the real DNA makes 

the that the microalTay values of and SNZlwere correct in 

to the rest of values. ratio between the normalized 

values of the 4kb DNA and the input DNA was calculated 

each slide. This ratio was slides. The 

average of the mean was used for (',,,en,,,,,,'", the 

state of chromatin in and in phase., 
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2.6.1. strain and culturing conditions 

The 

d('uR. 1'('(',4.1. ('!IdA 1. hsdR I 

15. 

", thi-I. 11 was 

169. 

used for all The cultures were grown in Smlliquid 

LB II 

(l 

2.6.2. La.::l'IlJj, ... " and 

The construction recombinant 

as host vector. The final 

pri mers used for the 

listed in Table 2.1. 

2.6.3. chain 

The reaction 

extract. O.S<;(· (w/v) medium at C 

protein was out 

was 

and 

Mini Kit The 

of recombinant are 

of DNA for Ix 

DNA I ~lM of each the 

reverse 

reaction volumes were 

was incubated at 

and 

~I, made up 

5min, followed 
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lmin. 7_ tor 2nlll1, At the end of the 25 the rcactiun \\ as incubated 

2.1. of oligonucleotide primers used in this study 

Primer a 

lacUVS-R 

lexA-F 

MNase-R 

MNL-F 

\1I\L-R 5 I 

Mut-F 

Mut-R , ... 

Underlined introduced by the 
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·\IUi,·' iui.1 & 1111 {ilod' 

2.6.4. Cloning of fragment 

The LT5 was from 1 ( and I). 

lacCV5-F and lacUV5-R primers. This intmduced an 

Xbal 

amplified 

mix onto a 12 

site at the 5' end and an EcoRI 

The PCR product was 

acrylamide:bisacrylamide) and 

site at the :rend of the 

loading of the reaction 

. \\] 

at lOOV for 50min in 1 x TAE 

The electrophoresed DNA was visualised on a UV transilluminator following 

111 ethidium bromide. The band to the lOObp 

lac-Uv'5 was the 

and at 3JOC with 

The elution centrifugation. and the DNA 

an ethanol precipitation. lac-UV5 promoter DNA fragment was resuspended in 

distilled water stored at 

The protein was amplified (a kind gift 

the 3 

agarose electrophoresis. 

with 

at the 5' end and an 

fe.fA D,\A 

at 

was 

band size corresponding to that of lexA. 

sequence was excised from the gel and purified a QIAquick Extraction Kit 

The lac- and DNA with XbaI 

the condition recommended the and purified a 

Purification Kit 
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The XbaI lac-iT5 DN/\ and lex,.{ DNA \\ere in a I 

reaction amounts and :ill ofT4 DNA 

) at 4C for 16 hours. The was 

ethanol and resuspended in distilled \\ ater. lexA-lac-UV5 

fragment \\as amplified PCR with LexAF and more than 

or the \vas The amplified /cxA-/ac-UF5 was 

first with BamHI bv EcoRI 

the 

was enzymes, and BamHIIEcoRI 

{exA -/ac- UV5 was ligated into the vector in a 1O~t1 reaction with 5U 

DNA at The amount of vector and insert 

was 

Apparatus 

ampicillin. Positive clones 

with restriction enzyme digest and 

recovered plasmid was 

stock at 

a vector to insel1 ratio of 1.5. The mixture 

with a 

agar medium IOO!lg/ml 

UV5 insert \vas identified 

nucleotide sequencing method. The 

and the strain stored as a 

Cloning the SV 40 nuclear localization signal and the 

micrococcal nuclease (MNase) 

N-domain of 

A 2lbp 

included in 

site at 

2.1). Primer MNase-F also 

of nuclear 

-3\-

) was 

a Sac! 

The sequence 
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of acti ~ -domain ofMNase \vas from 

!a kind from tiJrich of Genen.) ~lNa~e-F and 

:'vlNase-R. The reaction mix was incubated at C for 5min followed bv two 

of 95 C for 30sec. for I min and T2 C for 2min The reaction \\a.~ then cvclecl 25 

at for 

at 72 C 

I min and 

the :I'end of the PCR product. The peR 

C for 2min. a 

a restriction site at 

purified and 

with restriction enzyme SacI and BamHI (New Biolab) 

The 

recommended the 

product was 

plasmid 

into E. 

screened for the correct plasmid by restriction enzyme 

the standard T7 

\vith T4 DNA 

and the 

was 

and partial nucleotide 

and 

positive strain was stored as 

The 

at 

was 

and 

2.6.6. Correction of point mutations 

Pattial 

revealed the 

protein inactive. The 

the full 

was corrected as 

of 20bp were constructed such that 1 

DNAssist software 

the 

. sense and anti-sense 

either side of the 

point mutation that needed to be "'1l':tll'~\.oU The point mutation occurred in next to the 

XbaI site and the XbaI were in oligonucleotides 

Mut-F and Mut-R (Table 2.1). Two were p::vtNL 
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USll1g 

reaction 

\1\luse-F and Mut-R. and Mut-F and lacl:V5-R. The 

with Xbal 

amount or the 

at 4T overnight. The 

to recommendations of the 

\\ere in a I 

construct was 

peR with MNL-F and MNL-R (Table 2.1 ). The MNL-F and 

MNL-R introduced an Ndel and an XhoI restriction site at 5' - and .:r end of the 

product respectively. amplified was with and 

XhoI to recommendation the supplier. The vector 

with identical enzymes. and the NdeI/XhoI 

in the vector in a 1 O~t1 

at a vector to at 

The positive clones 

-33-



Univ
ers

ity
 of

 C
ap

e T
ow

n

5' 

5' 

5' 

5' 

Point nlu l.J.licln 

• I 

First s'nmd genera. ion J, 

fut-k .... 
Xb.ll ---=i=t=' Mlll-F 

Double slrand sencmlilm J, 

..... 

Construct regeneration 

5' 

5' 

Ligarc at XbaT 

Materials & methods 

5' 

S' 

'" la\."CV5-R 

5' 

5' 

Fig. 2.1. Removal of point mutation from recombinant construct by site-directed 

mutagenesis. Two fragment of pMNL were amplified by peR with oligonucleotides 

Mut-R and MNase-F, and oligonucleotides Mut-F and lacUV5-R. The fragments were 

digested with Xbal restriction site and the construct was regenerated by ligation of the 

two amplified fragments. 
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Chapter 3 

A genome-wide study of chromatin compaction in 

Saccharomyces cerevisiae 

A clear link bel\veen linker histone binding and salt 

\vas shown et ai., 1 In this laboratory it was shown that 

linker histone Hho I p displayed a in binding to ng 

to 

and Pattcrton, 

the 

the relationship 

We were 

phase 

Chromatin 

of chromatin 

The study 

provided an ideal 

compaction to 

the 

at all gene 

In 

111 

data). In 

required Hho 1 p (Schafer 

phase and in 

to study chromatin 

Hholp. and 

particularly gene 

relationship on a 

state of chromatin in exponential 

in states of compaction could be by 

an increase compaction is "V'~l""~U with an in density (Ghirlando et 

allow 

compaction state. it is to the structure and 

-35-
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ChrOIllUlI1l COlllpUCl101l 

fragments possessed inside the living yeast cell. We therefore verified that the isolated 

chromatin fragments retained an intact nucleosomal structure by re-digestion of the 

fragments with MNase. Clear nucleosomal monomer and lower oligomer bands that 

were absent in the original digest were created by re-digestion of the isolated 

fragments (Fig. 3.1). This showed that the isolated chromatin fragments were still 

packaged into nucleosome cores, protecting 147bp from nucleolytic cleavage. Since 

linker histone HlIHS quantitatively dissociated from chromatin only at 600mM ~aCl, 

and since the extractions here were performed at O.SmM MgCh, a concentration 

where Klug and colleagues previously demonstrated compaction in the presence of 

H1 (Thoma et ai., 1979), it appeared likely that Hholp would remain bound to the 

chromatin. 

lkb 

750bp 

500bp 

250bp 

3 4 . . 

Digestion time 

5 6 7 8 

Ltetraoler 

'trimer 

Ldiroer 

Fig. 3.1. The isolated chromatin fragments retained a nucleosomal structure. 

Soluble chromatin was re-digested with 1 U of MNase for Osee, 30sec, Imin , 2min, 

Smin, IOmin, lSmin (lanes 2 to 8). The arrows indicate the position of nucleosome 

core-length fragments. 
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Soluble chromatin \\a5 from and 

cells. on a sucrose fractions collected. and the fied D~A from 

fraction resolved on an agarose (see Fig, 3 When single 

fraction. small DNA to be 

on a sucrose gradient. The DNA to a high 

in the same to decondensed chromatin where the larger 

mass the DNA their to the same fraction, 

that 

a 

stationary 

of the sucrose gradient 

culture. It was 

assumed a more condensed 

Hho I p-dependent manner and I-'mTPrTnn unpublished 

"",et"",.,., in Fig. 3.2 

density. bulk of (most 

indicator the average molecular size DNA required to 

under a particular condensation state. The 

in the late (fractions 13, 14 and 1 was 

of (Ghirlando et 2004), 

-37 -
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Chromo/in cOli/paction 

Top Bo t torn 

4 5 6 7 8 9 10 11 1::: 13 14 15 16 

Fig. 3.2. Sucrose gradient fractionation of soluble chromatin extracted from a 

stationary phase yeast culture. Marker (lane 1). EcoRIIHindIII digested A DNA 

marker. Marker (lane 2) . lkb DNA ladder (Promega) . (Lanes 3 - 16). Collected 

sucrose gradient fractions 2 to 15. 

A different banding pattern was observed for the sucrose gradient fractions of soluble 

chromatin extracted from exponential cultures. During exponential growth 

transcription level is highly elevated (Wodicka et ai., 1997), and chromatin was 

expected to be decondensed at most regions to allow access by the transcription 

machinery. Unlike the distribution of the chromatin fragments from the stationary 

phase cultures, the density distribution of the exponential phase culture was enriched 

in smaller DNA fragments that resolved at the top of the gradient (Fig. 3.3). Since the 

chromatin from exponential phase cultures was digested with identical amounts of 

MNase, this finding suggested that yeast chromatin in exponential phase was more 

sensitive to MNase cleavage, due to its less condensed state. It was previously 

observed that the chromatin in purified nuclei from exponential cultures was digested 
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to smaller fragments more quickly than that of stationary phase cultures, in agreement 

with the observed compaction differences between the chromatin in the two growth 

phases (Schafer and Patterton, unpublished data). Although the major proportion of 

the total DNA appeared in the upper fractions of the sucrose gradient, the presence of 

condensed chromatin was still detectable in bottom fractions, albeit in significantly 

less amounts. 

Top 
j 

BottOh) 
)-

M M 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Fig. 3.3. Sucrose gradient fractionation of soluble chromatin extracted from an 

exponential phase yeast culture. Marker (lane 1) . EcoRIIHindIII digested A DNA 

marker. Marker (lane 2). lkb DNA ladder (Promega). (Lanes 3-16). Collected sucrose 

gradient fractions 2 to 15. 

3.3. DNA quantification by kinetic peR 

Effective high throughput genome-wide screening for the presence of genes in a DNA 

sample can be achieved by the use of microarray technologies. A difficulty with 
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C'/ll"z)"l(lfill ~'I)lll/i{1.('!li;l! 

mlcrOarra\ is the choice normalization of the detected 

tl uorescence to allow meaningful bct\\een To overcome 

this. we a method the 

\alues of a slide to the amounts DNA used in the the 

method wa" to ust 

the microarray to the amount of DNA with the 

slide. 

of the study was 

isolated from the sucrose 

on the 

(selected 

The total 

of chromatin 

contained best rerJreSClnau 

lkb) 

sized DNA as well as the 

from a sucrose were 

for the abundance 3 genes, namely and SNZ1. ROXl 

encodes a heme-dependant protein decreased 

diauxic 

involved in 

a non-essential 

phase to 

http://www.yeastgenome.org/). 

was In 

is a stationary gene, which 

The of DNF J gene, which 

is approximately constant growth 

(data from 

abundance of the 3 different DNA 

kinetic PCRs. curves. in the range 

O. to lOng/JlI ('{)\!pw'fl concentrations for the 3 

genes in the different DNA 3.4) 

·40· 
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Chromatin compaction 

a. 

b. 

Fig. 3.4. Representative standard curves used for kinetic peR quantification. a. 

The standard curve constructed for ROXI quantification in chromatin obtained from 

an exponential phase culture. b. Standard curve constructed for ROXl quantification 

in chromatin obtained from a stationary phase culture. 
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The raw fluorescence signals shown in Fig. 3.5 represent the data captured for the 

sucrose gradient input and the condensed (4kb) chromatin sample by kinetic PCR. 

The threshold value was automatically calculated for all the kinetic PCRs. The 

presence of the correct amplified product and absence of fluorescence artefacts such 

as primer dimers was confirmed by a melting curve analysis following the kinetic 

PCR, and involved the clear identification of a peak in the first derivative of the 

melting curve at approximately 85°C (Fig. 3.6). The appearance of a second peak at 

approximately 76°C was most likely due to the amplification of either contaminating 

DNA, or extended primer pairs. The second peak was observed mostly at low 

template concentrations «1 pg/f,ll). This finding suggested that at low template 

concentrations, the probability of primer dimer extension was greatly enhanced. The 

presence of primer extensions also resulted in shifting of the peaks since the PCR 

products melted over a broader range of temperatures (Fig. 3.6, b.). 
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Chromatin compaction 

a. 

ttrm. fl.ao. 

IS 

12 

0.8 

OB 

01 

01 

b. 

~m. l"loo 

'.7 

,s 

os 

M 

07 

OS 

,. 
0 .' 

03 

02 

0.' -
.Q.' 

'0 

Fig. 3.5. Representative raw fluorescence data obtained by kinetic peR. a. Raw 

fluorescence data of ROXl quantification in chromatin obtained from exponential 

phase culture. b. Raw fluorescence data of ROXl quantification in chromatin obtained 

from stationary phase culture. 
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Chromatin compaction 

a. 

b. 

15 

10 

Fig. 3.6. Representative melting curve data obtained from kinetic peR. a. 

Melting curve of ROXl quantification in chromatin obtained from exponential phase 

culture. h. Melting curve of ROXl quantification in chromatin obtained from 

stationary phase culture. 
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The concentrations of the J genes present in each of thc extracted D:"J A ~ampks were 

determined in (Table 3.1). The ROXI gene \\as obsened to slight 

enrichment in the condensed of phase cultures at 

concentration le\els J.l ). This initial the that 

\vere into 

of ROXI is down-regulated after the diuu.\ic 

structure. si nee the 

Similar deductions 

could not be made the and SNZl gene. since the level input DNA 

bet\\een the phase cultures and two 

reactions for to any reliable 
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Table 3.1. Concentration of D:VFl, ROXI and S:VZl in input and condensed 

chromatin determined by kinetic PCR. Each \alue reported \\a~ the Cl\erage 

concentration calculated from.") re:.ictions performed using the same DN/\ template. 

An identical :.inal ysis \\as performed on each of three independentl y fractionated 

preparations. 

DN F 1 (pg/~t1) RO)( J (pg/~tl) SNZI (pg/~tl) 

Exponential Stationary Exponential Stational'\' Exponential Stationary 

Input ref. I 0.112± 0.035 30.2± 12.3 61.4± S.70 37.9± 10.5 41.9± 16.4 34.6± S.22 

Sample I 0'(165± 0.036 O.13S± 0.020 0.206± 0.057 0.458± 0.035 5.,n 8.96± ()760 

Input ref. 2 0.118±0.018 n.4± 31.9 45.9± 5.63 94.4± 1.24 43.9± 12.6 55.8± 7.71 

Sample 2 O.OSO± 0.028 0.089± O.D25 O.05·:l± 0.025 0.331 ± 0075 ND" 11.8± 1.50 

Input rd. 3 OlJS±OOI 4.SI± 2.36 32.7± 27.5 23.7± 5.5 47.9± 15.8 25.9± 4.24 

Sample 3 1.3-D± 0.3 13 O.OS± 0.04 0.017± 0.013 O.377± 0.085 ND' 13.2± 6.52 

Input avg, 0.123± 0,014 20.8± 13.9 46.7± 14.4 52± 37.4 44.6± 3,(16 38.8± 15.4 

Sample :.lvg. 0.496± 0.734 O.102± O.cJ31 O.c1923± 0 I O.389± 0.064 5.41 11.32± 2.16 

*None detected: these samples failed to produce a reliable fluorescence signal 
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genome is more condensed in 

It is well established 

in S. cerel'isiae 

transcription and 

stationary phase growth 

m this laboratory that 

Hhol manner in stationary 

chromatin was more compacted in a 

In order to analyze the degree of 

in exponential phase and in phase on a genome-wide 

probe ,vas prepared 

of sucrose 

DNA 

The compaction state 

IS located is indicated by the nrr,nc,rn", 

in DNA contained in 

the total input DNA and 

slide 

in which an 

abundance of slIch an 

n!rstls the total 

of the sample:input showed that condensed chromatin 

the 

DNA A 

exponential phase 

pha:'>e cultures (Fig. 

less intergenic regions than that 

III 

also 

decondensed during 

thinking that active 

decondensed chromatin. 
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Relative ORF number 

Fig. 3.7. A histogram of the normalized 4kh:input rations of all intergenic regions 

in S. cerevisiae chromatin in exponential phase and stationary phase. The blue 

columns represent stationary phase enrichment ratios and the red columns represent 

exponential phase enrichment ratios. Each column represents an averaged ratio 

obtained from three independent experiments. Intergenic regions are consecutively 

arranged from the left-hand side of chromosome I to the right-hand side of 

chromosome XVI. 

Data from a previous chip-on-ChIP study in this laboratory indicated a genome-wide 

association of Rho 1 p to yeast chromosomes during stationary phase entry (McEvoy 

and Patterton, unpublished data). The increase in genome-wide condensation of 

chromatin in stationary phase suggested that this extensive binding resulted in 

compaction of the entire yeast genome. This suggestion is in agreement with the 

observed dependence of chromatin compaction in stationary phase cells on the 

presence of Hho 1 p (Schafer and Patterton, unpublished data). 
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'rhe cOlllpanSotb of the relative intergenic region abundance in anc! 

~tational'\ 

more 

condensed revealed a number genes that 

than in 

many of these genes <1<'; 

cell The SRDI genc encodes a 

to rR:\A and is transcribed at 

(Table 3.2). 

mvohed in 

levels 

(data from Sacc!wrolll\'CCS Genome Database 1. Howe\er. it was 

10 be 

that the SRDl gene was enriched in condensed chromatin in exponential 

a genc cncoding a nuclear 

is the NOP7 gene. The ORF of the 

that was also involved in rRNA 

was observed to be 

in condensed In \vhen it was expressed at basal 

NOP4 in rRNA 

was also found to be more The 

occurrence these genes rRNA processing 

chromatin during 

in a condensed region of chromatin did not 

induction. These genes are located on 

that the presence of a gene 

preclude transcriptional 

chromosomes (chromosome III, 

VII and chromosome that coincidental 

cultures was 

more condcnsed with the chromatin 

the genes in the condensed 

was to 

culture. The APL6 which silenced 

low presence phase 

that silenced APL6 gene does not lJelCOlne even 

sIlenced. This data 

\\Ith the condensation of 

Although contrary to 

of transcription does not 

that packages a 

thinking that transcription activity is 
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\\ ith 

Table 

ORF name 

YAROl9C 

YBRO-lIW 

YDLlOOC 

YDR3JHV 

YDRS:::9C 

YERO:::5W 

YERII 

YGLI-lSW 

'{GL:::nc 

YGU-lOW 

YGROO9C 

YHR072W 

YHR079C 

YHR09lC 

YHRl20W 

YHRl96W 

YKLO-t W 

YLLOO3\V 

YLRI19\V 

C/l'"(fll!(ili!1 ("(I!'Jl;')(i(·{I(i!t 

data in this n(l\d of 

III regulation. 

of ORFs that displayed a abundance in 

Gene 

COC15 

FAT1 

GET3 

SWRt 

OCR7 

GC011 

KAP123 

AR02 

EOC1 

OOC1 

ERG7 

fREt 

MSR1 

UTP9 

VPS24 

SFI1 

SRN2 

than in "" .. """n.,,, 

Function 

Protein kinase of the Mitotic Exitl'et\\ork 

acid transporter 

subunit of GET 

Swi2!Snf2-related ATPase, cl)mponent of the SWR I 

Subunit 7 or the reductase 

Gamma subunit of the translation initiation factor elF:: 

beta, mediates nuclear import of ribosomal proteins 

into ribosomes and 

Bifunctional chorismate 

of H3 and H4 

I-SNARE 

membrane 

Lanosterol 

adivates mR?\A 

for the ubiquilination activity of the 

for fusion 

Serine-threonine kinase and cndoribonucleasc 

MitochonLirial synthetase 

of the mitochondria involved in 

mitochondrial Dl'A 

Nucleolar 

involved in 

component of the small subunit (SSU) 

of pre-ISS rRl' A 

One of four subunits of the endosomal 

tran~port III 

Centrin (Cdc31 

(SPB) 

Component of the ESCRT-J 
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YOR 1 1)3\\ 

YPLl61 

YPLI 

YBR040W 

'rTROI8C 

YDL230W 

YDR135C 

YEL071W 

YFR028C 

YFR03-+C 

YGL205W 

YGR082\\, 

YGRI03W 

YGR26lC 

YHR206W 

YLR420\V 

YMLI04C 

YMR239C 

YNR044W 

YOLOl3C 

TUSt 

PEX27 

NOP4 

BEM4 

CUP9 

FIG 1 

SRD1 

PTP1 

YCF1 

DLD3 

CDC14 

PH04 

POX1 

TOM20 

NOP7 

APL6 

SKN7 

URA4 

MDM1 

RNT1 

AGA1 

HRD1 

C'hnnllurin 

Guanine nucleotide faclor I 

or the cell 

membranl' 

and numbt:r 

I Ihat fUllcriu[1s Iu modulate 

as 

Kuclcolar 

involved in establishment of ceil pola:'il~ and bull emergence 

repressor (.j' PTR2, which 

encodes a transporter 

Protein involved in the of pre-rRK A to 

broad range substrates in vivo, 

Vacuolar glutathione transporter the 

D-laeiate 

Protein 

Basic 

cnh,,!~cp required for mitotic exit 

(bHLH) transcription 

l"~llv,·'lr'vl coenzyme A oxidase, involved in the 

beta-oxidation 

acid 

Component the TOM (translocase outer membrane) 

U);l!1mm and initial 

rRNA 

Nucleolar involved in rRNA and 60S ribosomal 

subunit 

Beta3-l ike subunit of the yeast AP-3 

Nuclear response 

two-component 

of 

and transcription factor. part of a branched 

system 

step in the de novo 

Intermediate filament protein, 

transmission to bud, 

RNAase III; cleaves a 

for nuclear and mitochondrial 

structure at the end of C2 snRN A 

-5 J 

of a-cells 

required for reticulum-associated 
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We \yere interested in whether there was a Lorrelation 

statt' of each gene in Table 3.2 in 

. To this we on the 

of each gene in exponential and in 

it appears that condensation state of a gene in 

value for the of 01 that gene in 

the two data sets have a correlation coefficient of 0.036. 

een the 

state 

to 

phase has little 

phase. In 

bet\\een the data set pairs. This is not since the entin: 

genome IS In ). and it is unlikely that the 

during phase 

will remain in and chromatin 

decondensation is likely to to the carbon source general 

environment. 

An the pairs. This not 

mean genes that were within the average condensed range in 

became or U'-"\AJllU .... during stationary phase. An the 

values at for ranges 

L -0.1 1 and 1 on that the the 

extreme ranges (horizontal arms were range 

contained most This showed that 

with high low that were highly 

condensed or phase was due to data 

Ul"'U\J'll in the extreme 
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3 
l3 0.20 . ' . ' 

2 '. 
, I 

• 

• o 

o 2 3 
Exponential units) 

Comparison of the genome-wide state of S. cerevisiae genes 

ratio of each gene 

In was plotted ~,..,'"u",n in stationary phase. The 

of the stationary phase values at 3a for the abscissa 

<-0. I, -0.1-0.1 and >0.1 are shown. 

There is no relation between gene and condensation state in 

S. cerevisiae. 

The et indicated that open 

chromatin lar 

and promoter 

compaction of the entire consecutive 100kb windows 

Referring to this to little correlation gene 

condensation status. This is in contrast to the finding of Gilbert et al.. which ,"pr,,,nlpr! 

-53-



Univ
ers

ity
 of

 C
ap

e T
ow

n

('IIJ"()J)l(lrill 

that of the human genome were in a marc open .We 

in the condensation state or the genome 

and but this to be a of the whole genom!? as 

presence 

packaged 

variance in structure 

15 c 
o 
o 

0.20 

(J) 0.15 
c 
(!) 

OJ 
<1> 
> 
'g 0.10 

~ 

• 

o 

The data n>rHwt"d a1. may be a 

lite sequences in the genome which to be 

• • 
• 

•• • 

00 

between gene 

illusive as et also 

satellite sequences. 

.. 
• 

• • • • • • ,.. . ... 
.e ••• • I. 

• 

• 
• • ~~r--.---------

0.00 +-----..---r--r---........,-----.----,----.----,-----, 
25 30 40 45 55 60 65 

ORF/l00kb 

of 

and 

3.9. A linear regression plot of average content of condensed 

chromatin to density ORFs over lOO-kh repeats. The closed circles 

condensed chromatin of phase cultures the open circles 

condensed chromatin of phase cultures. 
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ChrUII1t1l1n ('Ollll'iictiull 

3.·U. The Hho 1 p-dependent genome to occur 

on a global scale. 

We finally looked at the 

was ex pee ted to contain 

sucrose gradient 

decondensed chromatin 

value revealed a 

IS in 

or on a 

This data 

s. genome occurs 

to have little role in 

c 
~ 1 

~ 100CO 

5000 

a 

between genes in the IOkb region that 

condensed versus the .J.kb region of the same 

3,1 comparison of the 

condensed chromatin mieroarray 

that genes that are enriched in the 4kb fraction 

for a genome that is condensed 

as opposed to local regions of 

that Hho 1 p-dependent 

in 

of local 

. / 

..... : .:/ .. // 
A' ..... .. //// .... 

... 4 ... .:: /.... .. 

.. "'--- .. .. 

5000 10000 

4kb region 

The 

of chromatin, 

15000 20000 25000 

of the 

3.10. A linear regression plot comparison of the content 

hal"",,,, ..... decondensed (lOkb) chromatin and of 

phase cultures. 
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Chapter 4 

Construction of a recombinant lVINase-LexA fusion protein 

4.1.1. Design of recombinant fusion protein 

An to the of of a 

is to compare total contour length the DNA a defined 

space in the 

contour 

to 

clear marker 

hit 

Based on this concept a way to measure the 

in this 

which would 

not to 

A recombinant protein was 

the extent 

the 

to an 

is one way to 

and at low 

status of a 

IJU,"~UV'" of the chromatin fragment would then 

size DNA to 

anchoring 

In addition to the 

also to 

LexA 

4.1.). 

to 

was 

methyltransferases that were 

consensus LexA 

DNA 

In a 

to be capable of 

to a LexA 

the recombinant 

the 

The short 

be 

1S 

introduced via PeR-based homologous recombination to any interest in the 
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MNase-LexA fusion protein 

s. cerevisiae genome, and the recombinant protein targeted in this fashion. 

Naked DNA 

M N ase active dom ain LexA DNA binClng 

'rr\j'm ~ 
I I~DNA 

MNase range 

• 
recognition se~ence 

Decondensed ~ 
chromatin 

~~,-----0 
I I 

Hho1 p associated ~ 
condensed chromatin Cv 
~~~~ • 

Fig. 4.1. Conception of a recombinant fusion protein to measure chromatin 

compaction. The contour distance accessible to an anchored protein is expected to be 

greater in condensed chromatin than in decondensed chromatin. It is assumed that the 

distribution of the protein-DNA contact frequency, proportional to the cleavage 

frequency of the anchored protein, would assume a Gaussian curve. 

4.1.2. Cloning strategy 

4.1.2.1. Dealing with leaky expression of the nuclease during sub-cloning 

The nuclease activity of the recombinant protein presented an obstacle to construction 

and propagation of the encoding plasmid, since any expression of the construct during 

the cloning stages would kill the host cell. A mechanism was needed to suppress 

gratuitous expression of the recombinant protein during the cloning stages. Wang and 
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Simpson faced a similar in their \\hen performed the ng 

of DNase1 ( and sol\ed problem 

a bacterial lac- U\'5 direction at the 3' end the 

recombinant construct. This was to 10\\ le\i:~ls of anti-sense to 

nuclease, diminished the of the 

construct. al 

The same was applied in this to any 

and Simpson. 2001). 

of the construct 

the LlLJ'l1(U.ll protein. 

4.1 Sub-domain of the fusion and 

From structure it was that active of MNase 

to the of the LexA 

domain to N-terminus of MNase active domain could result in disruption of 

active structure and reduced the NMR structure of the LexA 

it was that the 

1994). A model was also 

involved in LexA 

proteins were 

v."u ... ".~ of the LexA 

was 

the C-terminal 

(Dumoulin et 

constructed fusion 

LexA 2004). From these considerations it 

a 

binding (Fogh et 

was 

fusion 

to the N-terminus of 

reasonable to place 

the LexA at the of the protein. minimizing any 

disruption to the MNase as well as 

propel1y LexA protein. 
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A nuclear \\as needed the recombinant protein to 

nucleus. SV-lO T- antigen nuclear \\as 

attached to DNaseI in an in l'il'(} I ). It was decided 

to usc the same nuclear localization 

The MNase-LexA protein was constructed sequential of the 

domains. The correct orientation of construct was ensured 

utilization incompatible restriction sites every ligation nnv'p'fl The lacUV5 

promoter (64bp) needed to be inserted expreSSIOn the 

of 

the lacUV5 

was constructed 

and 

DH5aand 

of an 

plasmid 

at an 

the insertion of the 

The 

The lexA gene (606bp) \vas to 

was 

into vector p YES2 at 

trwn,,',d into E. 

the correct plasmid were identified the release 

product with a 

was constructed 

double 

the MNase N-domain 

from pFA6a-MN-KanMX6 pYES2-IJL at the site. 

Fig. shows the 

pYES2 had an 

LH",'LUL'h patterns pMNL by a 

enzymes. The complete construct inserted into 

of 1189bp. 
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Lkb 

500bp 

M 2 345 

HNase-LnA fusiol1 protelll 

Fig. 4.2. The ligation of lacUV5 promoter to lexA. Marker (lane M). lOObp DNA 

step ladder (Promega) . (Lane 2). ligation mixture of the lexA -lacUV5 fragment. The 

bottom band corresponds to a lexA fragment and the top band is the lexA-lacUV5 

fragment. (Lane 3). The lexA PCR product. (Lane 5). The lexA-IacUV5 PCR product. 

hi 234 5 678 

Fig. 4.3. The screening of positive pYES2-1exA-lacUV5 plasmid. Marker (lane M). 

A PstI DNA marker. The positive plasmids were identified in lane 4 and 8 by the 

release of a band corresponding to approximately 700bp after BamHIlEcoRI double 

digestion. 

M 2 3 4 

--." .. == ' ----
lib .- -

Fig. 4.4. Identification of positive pMNL using restriction enzyme digest. Marker 

(lane M) . lkb ladder marker (Promega) . (Lane 2). pMNL digested with Sad (Lane 3). 

pMNL digested with EcoRI. (Lane 4). pMNL double digested with SacIlXbaI. 
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The restriction of ptl.f"i L by a of 

the insertion of a full construct (lane 2. -+.2.). The many bands 

obsened the EcoRI-digested pMNL 4.2.) re~ulted from the ~tar 

of the restriction enzyme in Multi-Core (Promegal. The an 

presence an 

insert to the full-size construct. 

An EcoRI restriction site \-vas situated downstream from the stal1 the 

recombinant construct in the MNase N-domain. It was thus expected a 

would be released EcoRI of pMNL (Fig. 4.5). Lane 4 

4.4 that a band was 

the promoter 

construct at the end of the 

by SacVXbaI double 

one 

component, the 

sites (MCS) of the 

The SacIJXbaI double pMNL was therefore 

fragments from the restriction sites. The 

fragments of 1100bp corresponded to the 

fragment of smaller 

migrated off the 

situated 

1 OObp) was not 

-6\ 

pMNL. 

the 

t\VO 

representing 

by the 

other 

band had 
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MNase-LexA fusion protein 

Dilmlii 

\ 1 

XbaT 

I I .' : '" pn' I't~r 

p]\·1NL 

Fig. 4.5. A map showing the restriction sites utilized during the construction and 

screening of pMNL. The 1189bp full construct of the recombinant protein was 

inserted between the Sac! and EcoRI restriction site of p YES2. 

Unambiguous confirmation that the correct fusion construct was sub-cloned, came 

from partial nucleotide sequencing. Fig. 4.6. shows the alignment of the constructed 

fusion gene sequence to the theoretical, predicted sequence. 
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MNase-LexA fusion protein 

754 CGAGTTTAAACCAATTGTCGTAGATCTTCGTCAGC AGAGCTTCACCATTGAAG 806 

Predic t ed construct 002 CGAGTTTAAACCAATTGTCGTAGATCTTCGTCAGCAGAGCTTCACCATTGAAG 1054 

80 7 GGCTGGCGGTTGGGGTTATTCGCAACGGCGACTGGCT~TCTAGAAAATTAT 859 

Pr ed icted construct 1055 GGCTGGCGGTTGGGGTTATTCGCAACGGCGACTGGCTG~TCTAGAAAATTAT 1107 

860 TGTCTAAC~TAATTCCACACATTATACGAGCCGGAAGCATAAAGTGTAAAGC 912 

Predic t ed construct 108 TGTCTAA~TAATTCCACACATTATACGAGCCGGAAGCATAAAGTGTAAAGC 1160 

913 CTGGGGTGCCTAATGAGTGACGGAATTC TGCAGAT 94 7 

Predic t ed construct 11 6 1 CTGGGGTGCCTAATGAGTGACGGAATTC 1188 

Fig. 4.6. Sequence alignment of expected and predicted fusion protein ORF. The 

positive construct sequence was generated by joining the sequencing results acquired 

from the forward and reverse sequencing reaction at the position corresponding to 

position 524 of the expected sequence. Mismatches between the two sequences are 

highlighted in green. 

4.3. Correction of point mutations accumulated during sub-cloning 

Sequencing of the final construct revealed five regions of mismatches to the expected 

sequence. The sequence at the start of the final construct (the fust 6bp) was observed 

to be completely different to that of the expected sequence. This observation was 

ignored as the sequence was part of the MNase-F primer. The close proximity of the 

upstream T7 promoter used for the priming of the sequencing reaction may have 

contributed towards the unstable signals, as signals acquired close to the priming 

regions of a sequencing reaction are often inaccurate. 

At position 483 of the expected sequence (Fig. 4.6.), a TAA sequence, which codes 

for a VAA stop codon, was replaced by a BamHI restriction site in the actual 

construct. The sequence of the BamHI restriction site codes for a glycine (GGA) and 

a serine (VCC) residue (Fig. 4.6; Fig. 4.9). Three single nucleotide mutations were 
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ob~ened full construct at the that 9..+2.992 

and 1116 of the construct. The an T at the 

to 

would render the 

992 of the sequence caused a frame-"hitt. wll1ch 

-L:l,). The \\ as protein 

with primers Mut-F and Mut-R (see Table 

2.1). The observed at to position 

and 1116 the not alter the en,~OClea 

since the mutations were on third a glutamate 

codon ACA). respectively 4.6; 

The codon usage the codon was to 

to while usage 

47% these two point mutations were 

the had no 

\vere not expected to have a on 

The pCFC~lNL was constructed 

vector 

was introduced into the 3' end the construct 

fusion 

synthesis 

the 

sequence, 

full 

An 

the EcoRI site on the 

Table 2. ), while an NdeI sites was 

to 

lacUV5-R primer 

to the 5' -end " ... ·"'r-t"'d construct by of the Sac! restriction on 

the MNase-F 

the 

5. 

vector 

{MNL-F, Table 2.1 

of ",...'''Yf'.V 

were identified by 

follO\\'ing NdeIIXhoI 

The lacUVS promoter was also into the 

with construct. 
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MNase-LexA fusion proleill 

Partial nucleotide sequencing of the positive pCFCMNL further confirmed the 

removal of the point mutation (Fig. 4.8). The translated amino acid sequence was 

observed to perfectly align to that of the expected sequence, with the expected 

addition of a glycine and a serine residue at the BamHI restriction site between the 

MNase and LexA encoding sequence fragments (Fig. 4.9). 

M 2 3 4 567 

Fig. 4.7. Restriction digestion screening of the positive fusion construct inserted 

into pET20h-(+). Marker (lane M) . lOObp step ladder (Promega). The positive 

plasmid carrying the corrected full construct was identified by the release of an 

approximately 1200bp fragment (Jane 5) . 
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MNase-LexA fusion protein 

pCFCMNL T7 AGAAATAATTCTCTGTTTAACTTTAAGAAGGAGATATACATATGATGCCAAAG 53 

Predicted construct ATGCCAAAG 9 

pCFCMNL T7 54 AAGAGAAAGGTTCCCGGGTTAATTAACGCAACTTCAACTAAAAAATTACATAA 106 

Predicted construct 10 AAGAGAAAGGTTCCCGGGTTAATTAACGCAACTTCAACTAAAAAATTACATAA 62 

pCFCMNL T7 107 AGAACCTGCGACTTTAATTAAAGCGATTGATGGTGATACGGTTAAATTAATGT 159 

Predicted construct 63 AGAACCTGCGACTTTAATTAAAGCGATTGATGGTGATACGGTTAAATTAATGT 115 

pCFCMNL T7 16 0 ACAAAGGTCAACCAATGACATTCAGACTATTATTGGTCGACACACCTGAAACA 212 

Predicted cons tr uct 116 ACAAAGGTCAACCAATGACATTCAGACTATTATTGGTCGACACACCTGAAACA 168 

pCFCMNL T7 213 AAGCATCCTAAAAAAGGTGTAGAGAAATATGGTCCTGAAGCAAGTGCATTTAC 265 

Predicted construct 169 AAGCATCCTAAAAAAGGTGTAGAGAAATATGGTCCTGAAGCAAGTGCATTTAC 221 

pCFCMNL T7 266 CAAAAAAATGGTAGAAAATGCAAAGAAAATTGAAGTCGAATTCGACAAAGGTC 318 

Predicted construct 222 CAAAAAAATGGTAGAAAATGCAAAGAAAATTGAAGTCGAATTCGACAAAGGTC 274 

pCFCMNL T7 319 AAAGAACTGATAAATATGGACGTGGGCTAGCGTATATTTATGCTGATGGAAAA 371 

Predicted construct 275 AAAGAACTGATAAATATGGACGTGGGCTAGCGTATATTTATGCTGATGGAAAA 327 

pCFCMNL T7 372 ATGGTAAACGAAGCTTTAGTTCGTCAAGGCTTGGCTAAAGTTGCTTATGTTTA 424 

Predicted construct 328 ATGGTAAACGAAGCTTTAGTTCGTCAAGGCTTGGCTAAAGTTGCTTATGTTTA 380 

pCFCMNL T7 425 CAAACCTAACAATACACATGAACAACATTTAAGAAAAAGTGAAGCACAAGCGA 477 

Predicted construct 381 CAAACCTAACAATACACATGAACAACATTTAAGAAAAAGTGAAGCACAAGCGA 433 

pCFCMNL T7 478 AAAAAGAGAAATTAAATATTTGGAGCGAAGACAACGCTGATTCAGGTC~ 530 

Pred i c ted construc t 434 AAAAAGAGAAATTAAATATTTGGAGCGAAGACAACGCTGATTCAGGT~ 483 

pCFCMNL T7 531 T~TGAAAGCGTTAACGGCCAGG 554 

Predic ted construct 484 T~TGAAAGCGTTAACGGCCAGG 508 

pCFCMNL T7terminator CAACAAGAGGTGTTTGATCTCATCCGTGATCACATCAGCCAGA 43 

Predicted construct 509 CAACAAGAGGTGTTTGATCTCATCCGTGATCACATCAGCCAGA 550 

pCFCMNL T7terminator 44 CAGGTATGCCGCCGACGCGTGCGGAAATCGCGCAGCGTTTGGGGTTCCGT 93 

Predicted construct 551 CAGGTATGCCGCCGACGCGTGCGGAAATCGCGCAGCGTTTGGGGTTCCGT 600 

pCFCMNL T7terminator 94 TCCCCAAACGCGGCTGAAGAACATCTGAAGGCGC TGGCACGCAAAGGCGT 143 

Predicted construct 601 TCCCCAAACGCGGCTGAAGAACATCTGAAGGCGCTGGCACGCAAAGGCGT 650 

pCFCMNL T7terminator 144 TATTGAAATTGTTTCCGGCGCATCACGCGGGATTCGTCTGTTGCAGGAAG 193 

Predicted construct 651 TATTGAAATTGTTTCCGGCGCATCACGCGGGATTCGTCTGTTGCAGGAAG 700 

pCFCMNL T7terminator 194 AGGAAGAAGGGTTGCCGCTGGTAGGTCGTGTGGCTGCCGGTGAACCACTT 243 

Predicted construct 701 AGGAAGAAGGGTTGCCGCTGGTAGGTCGTGTGGCTGCCGGTGAACCACTT 750 

pCFCMNL T7terminator 244 CTGGCGCAACAGCATATTGAAGGTCATTATCAGGTCGATCCTTCCTTATT 293 

Predicted construct 751 CTGGCGCAACAGCATATTGAAGGTCATTATCAGGTCGATCCTTCCTTATT 800 

pCFCMNL T7terminator 294 CAAGCCGAATGCTGATTTCCTGCTGCGCGTCAGCGGGATGTCGATGAAAG 343 

Predicted construct 801 CAAGCCGAATGCTGATTTCCTGCTGCGCGTCAGCGGGATGTCGATGAAAG 850 

pCFCMNL T7terminator 344 ATATCGGCATTATGGATGGTGACTTGCTGGCAGTGCATAAAACTCAGGAT 393 

Predicted construct 851 ATATCGGCATTATGGATGGTGACTTGCTGGCAGTGCATAAAACTCAGGAT 900 
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pCFCMNL T7terminator 394 

Predicted construct 901 

pCFCMNL T7terminator 444 

Predicted construct 951 

pCFCMNL T7terminator 494 

Predicted construct 1001 

pCFCMNL T7terminator 544 

Predicted construct 1051 

pCFCMNL T7terminator 594 

Predicted construct 11 01 

pCFCMNL T7terminator 644 

Predicted construct 1151 

MNase-LexA fusion protein 

GTACGTAACGGTCAGGTCGTTGTCGCACGTATTGATGACG~TTACCGT 443 

GTACGTAACGGTCAGGTCGTTGTCGCACGTATTGATGACGJ GTTACCGT 950 

TAAGCGCCTGAAAAAACAGGGCAATAAAGTCGAACTGTTGCCAGAAAATA 493 

TAAGCGCCTGAAAAAACAGGGCAATAAAGTCGAACTGTTGCCAGAAAATA 1000 

GCGAGTTTAAACCAATTGTCGTAGATCTTCGTCAGCAGAGCTTCACCATT 543 

GCGAGTTTAAACCAATTGTCGTAGATCTTCGTCAGCAGAGCTTCACCATT 1050 

GAAGGGCTGGCGGTTGGGGTTATTCGCAACGGCGACTGGCTGAATCTAGA 593 

GAAGGGCTGGCGGTTGGGGTTATTCGCAACGGCGACTGGCTGAATCTAGA 1100 

AAATTATTGTCTAAC~TAATTCCACACATTATACGAGCCGGAAGCATAA 643 

AAATTATTGTCTAAC~TAATTCCACACATTATACGAGCCGGAAGCATAA 1150 

AGTGTAAAGCCTGGGGTGCCTAATGAGTGACGCTCGAGCACCACCACCAC 693 

AGTGTAAAGCCTGGGGTGCCTAATGAGTGACGCTCGAG 1188 

Fig. 4.8. Sequence alignment of expected and predicted recombinant construct 

inserted into pET20b-(+). The point insertion was removed from the recombinant 

construct at position corresponding to construct at position 992 of the expected 

sequence. The recombinant construct sequence was derived by joining sequence 

acquired from the forward and reverse sequencing reactions at position 508 of the 

expected sequence. 
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MNase-LexA fusion protein 

Actual construct MPKKRKVPGLINATSTKKLHKEPATLIKAIDGDTV~LMYKGQPMTFRLLLVDTPE 55 

Predicted construct 1 MPKKRKVPGLINATSTKKLHKEPATLlKAIOGOTVKLNYKGQPMTFRLLLVOTPE 55 

Actual construct 56 TKHPKKGVEKYGPEASAFTKKMVENAKKIEVEFOKGQRTOKYGRGLAYIYAOGKM llO 

Predicted construct 56 TKHPKKGVEKYGPEASAFTKKMVENAKKIEVEFOKGQRTOKYGRGLAYIYAOGKM 110 

Actual construct III VNEALVRQGLAKVAYVYKPNNTHEQHLRKSEAQAKKEKLNIWSEONAOSGQIlhK 165 

Predicted construct 111 VNEALVRQGLAKVAYVYKPNNTHEQHLRKSEAQAKKEKLNIWSEONADSGQ--MK 163 

Actual construct 166 ALTARQQEVFOLIROHISQTGMPPTRAEIAQRLGFRSPNAAEEHLKALARKGVIE 220 

Predicted construct 164 ALTARQQEVFOLIRDHISQTGMPPTRAEIAQRLGFRSPNAAEEHLKALARKGVIE 218 

Actual construct 221 IVSGASRGIRLLQEEEEGLPLVGRVAAGEPLLAQQHIEGHYQVOPSLFKPNAOFL 275 

Predicted construct 219 IVSGASRG IRLLQEEEEGLPLVGRVAAGEPLLAQQHIEGHYQVOPSLFKPNAOFL 273 

Actual construct 276 LRVSGMSMKOIGIMOGOLLAVHKTQOVRNGQVVVARIOOEVTVKRLKKQGNKVEL 330 

Predicted construct 274 LRVSGMSMKOIGIMOGOLLAVHKTQOVRNGQVVVARIOOEVTVKRLKKQGNKVEL 328 

Actual construct 331 LPENSEFKPIVVOLRQQSFTIEGLAVGVIRNGOWLNLENYCLTIIPHllRAGSIK 385 

Predicted construct 329 LPENSEFKPIVVOLRQQSFTIEGLAVGVIRNGOWLNLENYCLTIIPHllRAGSIK 383 

Actual construct 386 CKAWGA 391 

Predicted construct 384 CKAWGA 389 

Fig. 4.9. Amino acid sequence alignment of expected and predicted construct. The 

glycine and serine (highlighted in green) inserted in the actual construct resulted from 

a BamHI restriction site joining the MNase component to the LexA component of the 

recombinant protein 

4.5. Future work 

The DNA fragment encoding the recombinant MNase-LexA fusion protein was shown 

to have [he correct sequence. The recombinant construct is therefore ready to be 

expressed, and the feasibility of this approach to investigate chromatin compaction at 

specific target sites in living yeast cells tested. The ability of the recombinant 

MNase-LexA fusion to act accurately is dependent on proper anchoring of the fusion 

protein to LexA operator sequence, and effective cleavage activity of the MNase 

active domain. Regularly-spaced reconstituted nucleosomal arrays and identical, free 
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,1/.\{lse·L",\,\ 

DNA ideal substrates for the the abi of the 10 sense 

Due to the 

and initial 

ufthe to host cells fol induction. 

of the fusion protein may be problematic using whole cell 

expressIOn This can be solved cell-free in l'ilm 

of the construct into \ ector 

construct using a bacterial ill vitro 

contains the necessary for gene 

free DNA LexA 

to test for any 

the MNase domain the recombinant usmg 

operator 

MNase-LexA 

array 

would provide proof of concept 

the corresponding 

range of DNA 

a 

the LexA 

the active 

chromatin 

This then allow ,,~,~~~,~ expression the protein in vivo to the 

compaction status of chromatin in yeast at ':HJ'~'-'.lH'" loci the 

had Testing and optimization this approach 

remains to be undertaken, 
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The linker histone 

viability mutant yeast 

Chapter 5 

Discussion 

Hho I p, has been shown to be non-essential 

Ip not any traceable nh»"",t 

el The role of Hho 1 p as a pure architectural the 

chromosomes has been 

genome was more 

growth, and p 

Patterton, unpublished data). The micro array 

genome IS 

genome occurs 

phase S. cerevisiae was equally 

uniform in a uniform 

and it was clear that the yeast 

1 P during stationary 

from 

structure 

study indicated the 

a 

growth. In a 

DNaseL and this 

the enters 

of the S. cerevisiae ru>r",.,.,,,, may The 

be a result of DNaseI access to yeast by global 

this 

and 

association to the genome. 

of a between genome lp 

where Hho 1 p could contribute directly towards the genome condensation. 

The 

is compacted 

into 

phases did not 

stationary 

the compaction states of genes at 

any the entire genome 

it was unlikely that the genome assume a 
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structure active needs to 

take 

The of the genome 

stationary to the thinking of I,vhether the compaction occurred in a 

random manner, or clusters of genes in close proximity each 

would aid the The previous study by Gilbert el al. ( that 

to 

data 

gene areas on a chromosome corresponded to 

could be made between open chromatin 

genes within the open We a 

the average gene content within 'V'",,''",,, chromatin to the 

could not establish a 

(Fig. This 

chromatin compaction occurs as a 

to distinct on the genome. 

to the genes presented in the 

chromatin to their proposed 

state displayed a contrary 

condensation is 

NOP4, 

et 

that 

event rather than 

of exponential 

genes whose 

thinking that 

Specifically, a group 

involved in rRNA 

occur prior to 

diauxic 

was of particular 

their ORF was fraction of the 

From the study by Koop et al. 

nucleosome positioning at the M.\;ITV 
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between two factors. and between PR and NF I resulted ll1 

full activation of the :YIMTV from this study a 

similar mechanism the of genes 

product im'ohed in rRNA 

The data a HHO / deletion on S. cerevisiae reported that the 

of the majority of genes were mostly unafTected by the tlhoJ p, 

and a modest reduction in mRNA level was observed for certain genes (Hellauer et aI., 

2001). The the HHO 1 deletion 

whose to be more 

growth out the genes 

of Hho 1 p. while the rest displayed minor 

modest decrease in the mR:..IA 

chromatin indeed exert an 

to a great extent. 

The recombinant fusion protein constructed in 

on 

that for the I of genes 

to 

level in the 

mRNA level. The 

but not 

a complete neV'i 

to the measurement compaction as it a mean to 

measure rr'lT,(.>nu of 

has In 

molecular tools that are invaluable to in vivo 

van " .. \VIE"." and Henikoff (2000) 

the coli DNA adenine 

development of several 

of 

that the 

to the 

of in allowed 
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the Gal'+ sequence. flllther identified se\'(~ral kno\\11 and novel 

loci that interact \\ith 

Dam. The demonstration of the 

a DNA 

\alue of 

et af .. 

sensitivitv. as well 

M.CriPL to 

in the detection of 

the 

high of 

further emphasized the 

s by rvlNase active 

domain over other marker Ml\ase action 

IS on the concentration and not involve complex 

pathways which might exert any undesirable 

The of the 

to for future 

compaction. 

The the 

main properties, the ability for recombinant 

operons, the to cleave DNA. 

perform both functions can concun-ently 

containing LexA operon sequences. The 

action can be 

the in vitro 

on the structure of the 

to be and 

resolution of 

involves the two 

to bind to LexA 

recombinant to 

array 

the outcome the 

the end 

linear chromatin 

nucleosomal the 

of of 

IS to the by a 

of the DNA 

a nuclease with 
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rendered the recombinant 

for its ill \'im 

an control. such as a 

method of to be well 

toxic to the hust celL and thus 

For future ill of the 

under 

"'nwn.~'o , The induction 

as the induction of 

recombinant protein must also not alter either the physiological state of the or the 

local chromatin environment that is under 

This study 

the 

Hhol 

at the 

the 

of Hho I p binding and the 

of the chromatin in transcription of 

genes. a activity and chromatin condensation state 

not be to lu,-"u,aL\. a relationship between 

of chromatin and gene densities did not reveal any clear effect of 

gene that aid chromatin f'r\'tnr'''f''h The 

that in """'f)]TIP IS and 

\.ltJP\.U in this 

a solid link between chromatin compaction and transcription 
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