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(Vernet et aI., I 'f'){I). while in most mammalian species. the DNA in spcrmalowa is 

compacted by basic protcins known,,~ protamines (Poccia, 19R6). 

H~uc 1.1 Spa«-fillill~ uueko,ome model of the Iludc"'''!ll. 
(!ahn from Lug., ,( al .. 1'1')7: Cry,{al ",ocrur. oftl,. nuCI,o'''llle COre particle ., 2 ,8 i\ re.oimion) 
fhe H2B (red) and H3 (blue) N-Iermillal {ail, pas, !hr(lu!,;h ch.nne!, in the DNA ,uperhelix (white) 
uJTtneJ by .liglleJ minor !';l"OOYC-';, The "Ii>cr bi,lm.' ,. H2A (yell(lw)..,d H4 (green) [lr. indicated. 

1.3 The Core Ills/oDes 

The core histone~ are small haslc protei ns Clllltaining high mobr percentages of I ysinc 

and arginine (yan Holde, 1988). In the histone octamer these form" left-handed 

prmein sllpcrhelix m"-lching (h"-t of the D"-IA in lhe core particle (Klllg eI "I., 1990). 

The [II3-H4h tetramer lie~ at the centre of (his sllperhelix. with an II2A-II213 dimer at 

either end (,fthe path. 
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'oj 
Decondensed Hi dephospoorylated 

'\ I 
.' \1 , ,', 

, -----

'\ '\ 1\ 
I , I, \ 

\' V . 

• RevwdJ • • 

Decondensed Hi (J1ospmrylated 

~ • R· V· "'bir • 
SIT f'hc)'pho!'t,tion 

Chap'"' I 

Figure 1.2 Model, for Ibe in,'oIHmeu! of H1 pho.phor}'Jaliou ill <hromo.!in <ond'n';l!ion. oj 
[jrooocl,,' modo!, 19f.l, o.pho,pl"","at.d HI ha" a qr,lJl~<r irM,.,;li", wilh 1)",\ tho" with oth.r I I I" 
favouring Jceondon,u;on of chromatin, CInco ri""ph",,'lalOu, HI Orcorno, 10" 'ightly bound to DK."-. 
anJ raV""" HI-HI illlo,,,,,li,,n, in,lO",l. l"lO,.clioll' ,""woon III mol«ul<s cau,. chromatin 
cor""'r".ti",- bJ Ro'h,',~IIi., rn,,,kl. 199", PeL,;,i .. ,h",go of the lysin. rich tail' "f HI o"ahlo, 
ch")m"ti,, condon-'>lti'-''''- PheL'phoTyl"tio" cous<, ,., incro",.d nrgmivr charge of II" HI !.ail,. ,,,d 
,.pul,i"" of ,h. oh'o'~"'in jib"", ",suiting in d«ol>.ionsa,;on, Adap<od from KOTh allu All;;, I 'l'!2 

Several studies have shovv"il;m involvement of linker histone phosphorylation in gene 

transcriptional activation (revie\\,ed in Spencer ami Duvie, 19'19), II I phosphorylation 

is essential fi"r rapid gene activation of the mouse mrnrunary tumor virus ('vI'vITV) 

long terminal repeat promoter by the glucocorticoid rcceptor in respon';e to hormone 

binding (Lee and Archer, I Y98) in the ab.>ence or gluccKorticoid. the MMTV 

pl'Omoter is incorporated into six regularly positioned nuclcosomes (Richard-Foy and 

Hager, 1987), This closed chromatin stmctllfC prevents thc binding of activalors to the 

promoter, thus inhibiting transcription (Archcr e/ aI., I 'f92). Glucocorticoid exposure 

rapidl)' disHLplS lhe locul chromatin slrudure, recnliting transcription i'actors and 

inducing activation of the gene (Lee and Archer, 19Y4). Phosphorylation of the HI 
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Figure 3.2. Purification of ",,·ombin;lDl Hholp using Ni-agarose chromAtography 

Aliquot, (60 J.ll) of fractions du~d during Ni-chromatography ,t.p' were electrophoresed on a 

12% (wlv) SDS-PAGE gel and the protein was visuali.ed by Coomas.ie ,rain. Lane I: Bro"d 

Ronge Marl<er (BIO-RAD); lone 2: crude protein extract; Jane J; binding flow_through; lane 4: 

binding buffer eluate; lone 5: wash buffer el uate; lane 6 -10: eluted fractions I - 5. The arrow on 

the right of the figure indicates the position ofrHholp. 
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Figure 3.3,. MALDI-TOF peak profile for puta!i,.. rHholp tr}'psin digest 

Th~ puutliw rHI~)lp i,.olat~d from an SDS-PAGE gel "'"' subjected to trypsin dige,tion and 

MALDl-TO!' analy,i" T]", rna" 'P"'"t,um is slIDwn in the figure. The fragmcm sizes generated 

fmm the trYr' i n dige,tion wer~ analysed lIsing the "·1S· Fit program to i dcmif)' the idemit)' of [h~ 

prokin. 
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Figure J.3b MALDI_TOF peak profile for carbonic anbydrase trypsin digest 

The carbOllic anhydra.<e i""lmed from an SOS-PAGE gel was subjected to trypsin digestion and 

MALDl-TOF analysis. The ma" .peclrum i, shown in the figure. The fragment size, generated 

from the tryp,;n dige,tion were analysoo using the MS-Fil program to iLicnTi!) The identiTy oflhe 

protein, 
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TRYPSIN DIGEST FRAGMENT SIZES: 

Carbonic Anhydrase 

1014.11 

107(dm 

1141,14 

1204.48 

1391.69 

I.~R2.R3 

20R2.,11 

210{),19 

12()(),13 

2586,(19 

1854,79 

3473.5 

Putative rHholp 

648.14 

668,7/ 

761.63 

gJ(,,2J 

944.3(1 

1042.35 

1377.29 

1485.45 

1751.39 

1885.'18 

Tabl~ I: Tryp.in digest fragments generated for Carbonic anhydrase and rHbolp. 

Fragment size; ger\Crated by ).1A LDl-Tor mass spectrometry aft., trypsin dig\'sts. 'Jbese were 

e11ler.,u inlo a J11I"b"", 10 wlify the identity of the proteins using the MS-Fit program ,I.scribe,!. 

3.4 O\1-Scphadcx l'uril1cation ofrllbolp 

Following elution or the rHhol p from the \li2+ column, several cuntaminating proteins 

tbat bound to tbe \li2+ column were present. In ocder to purif), rHholp away from the,e 

contaminating proteins, an additional chr()fl1atograp/lic ,tep was employed. Tbe isolated 

rHho Ip recovered from the metal-chelation chromatograph} (Figure 3.2 -lane 6 and 7) 
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\Va, 1"'OI~d and tr~n~r~lT~d lo a sodium pbospbatc bufkr, u,ing a 10 kDa '\1WCO 

ultraccntrifugation column, pas\.C.d over a ~ali'.111 exchange resin, and dutcd using a line~r 

NaCl gr~dien! running from 0 r>1 r\aCI to I M N~CI. How~vcr, as is evident in Figure 3.4, 

the rHholp was elutcd in th~ tlow-through and ill tl'" lirst Ir~dion, contral'}' to previous 

ddel1l1inations (Pal!~r!on el aI., 199R). This could be attributed to tlw tad that the 

gradi~l1t-mixcr u'c.d lor prodlLcing tile lincar gradien t wa~ inadequate for this purpo,c. 

1 
200_ .... 

11625----"'_ 
974- _ 

66.2~ 

2 3 4 5 6 7 

Figure 3.4 "llrilil"dion uf r"cumhin~nt Rhu 1 p u.i ng CM_Seph~,te, 

6 (Lane) 

Aliquol, (20 ~O uf tr»eli",,,, were eleclrophflre,cd on J SDS-PAGE gel. and lile protein was 

V;slLJti,ed by Coom",i. 'lain. U"'" I. Bruad R""g~ M"rk~r (BIO-RAD); lan~ 2: flow-Ihrough; 

I""", 3 - 8: elulOO iractifH1S I - 6. TIle Jrrow fin It.. right of (~figure i"diem.,; the position of 

rlllvrlp. 
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t"jgure 4.1. The efTect of l'V se".itivity in tbe absence of histone HI. 

Aliquots of W303 'lVI, WJOJ hhor, FY2 arid FY2 hhoF were applied as a ten fold dilution 

series to YPD plates and e>.posed to UV radiation (254nm) at the radiation doses irldicated. The 

plates were incubated at JO'C for.l days, and the surviv.u ofcoloni~s scored. 

The ionising radiation sensitivity of hho r "as detennined by exposing a serial di lution of 

"ildtype and delction strain cell s to increa~ing levels of ionising radialion ranging Ii-om 0 

0)· lO 1500 Oy (figurc 4.2). 

56 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Chapter4 

OGy 

300 Gy 

600Gy 

900Gy 

12COGy 

1500 Gy 

Figure 4.2 The effect ofiouising radiation in tbe ail!lence ofbi.toue HI. 

Aliquots of I'Y2 and I'Y2 hhol" (2)l1) were exlX's..d to a Co'" PoiIlt-Source lrr"<iiator at the 

mdiation doses indicated, and applied as a tell-fold dilLllion series to YPD plate,. The plates ",ere 

incubated at 30'C for 2 days, and the survival of colonies scored. 

Little difference is seen between the cell densities of the WT and hhoF strains after being 

exposed to 300-900 Gy ofy-radiation, however at 1200 Gy. lhe ~~11 densiti es oflhe hhol" 

strain are less than the WT strain. This result is more pronounced in the cdl, irradialed 

with 1500 Gy ofy-radiation. This experiment was only performed in FY2 cells. 
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The results show that the hhoT strain shows a greater sensitivity to ionising radiation 

compared to the FY2 wildtype strain. This might imply a role for DNA rcpair for Hho1 p. 

4.3 Stress sensitivity 

DiITercnl types of environmental and physiological stress eondiliollS constantl y challenge 

all organisms. To cope with the eOccts of stress, cells have developed rapid molecular 

responses to repair the damage and protect against further exposure to the same and other 

forms of stress (reviewed by Estr""h, 20(0). Intriguingly, histone HI was previously 

shown to be involved in a stress response. The levels of histone HI were shown to rise in 

the leaves of tomato leaves exp<)sed to water deficit stress (Scippa e/ al., 20(0), and it 

was therefore deeided to determine wllether the hhar strain was more susceptible to 

stress conditions (Figure 4.3). 

The control of water content is essential for all types of cells. When yeast is exp<)sed to a 

hyperosmotie shock a loss of c}toplasmic walcr oceurs and several meehanisms are 

initiated 10 counteraet eell dehydration and protect the cellular structures. Little diflcrencc 

is seen in the cell densities of hhor and WT cells when exposed to osmotic stress 

indueers like NaCI and KCI (Figure 4.3), wllen compared to the cont",1 plate. 
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Figu re 4.3. The effecf of O!Imntie and oxidative sires.! in Ihe absence Gf histone HI. 

Cllaptcr 4 

Aliquots ofW303 WT, W303 hhoF, fY2 and fY2 hhol"were awlied as a ten fold dilutim series 

to YPD plate. COIlIaining NaCI (J:' KCl in the case of osmotic stress and H,O, in the case of 

oxidative stress, The plates were incubated at 30'C for 3 days. and the survival of oolonies 

scored. 

Aerobically growing yeast have to handle the generation of reactive oxygen species such 

as hydrogen peroxide or hydroxyl radicals. lbese oxygen species are generated by 

normal rnetabdic processes as well as exposure [0 pro-oxidanls such as HzO,. This is 

evident in Figure 4.3. The cell densities of the FY2 WT strain are les~ than its 

corresponding hhuF strain when plated on Hl0 2 plates. The converse is true for W303 

wherc, vcry linle cell growth is seen in the deletion strain. The sensitivity of the HI 

deletion strain to oxidative stress seems to be strain specific since only thc W303 strain 

exhibited this phenomenon. 
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4.4 S!aliomu." pha"c c'pn:iSSioR profiling 

Thc chl'omatin of slmion~ry pha;;c yt~Sl cells IS ill a tighter conformation than in 

l()g~L"ilhLl1ic~lly I;,,"winl; ceiL, (1.ohl' ~11{llde, 1'!7:!), Since, histone HI is involved in the 

higher order compaction of chromatin into the 30 nm Ilbre. it may playa role during this 

stationary pha~e compaction. It was therefore decided to examine the stationary phase 

expression prolile ofth~ HHOl gene in yeast. 

Before this could be done, it was necessary to lind a gene that was constitutively 

~xpressed through logarithmic growth and into th~ ~tatjonary phase, since actin. which is 

commonly used as an internal control for logarithmically growing cell., is not expressed 

during the stationary phas~ (Padilla el aI., 1998), Genes were chosen from those showing 

constititutivc expression up to the diauxic shift. However, as is evident in Figure 4.4, on Iy 

D,VFl. a potential aminophospholipid translocase. was expressed constitutively during 

logarithmic and stationary phase growth. 
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S 10 I~ 

• • 

rJiauxic 
shl" 

14 24 (lmurs) 

,I 5 (lane) 

DNFI 

.. BCYl 

iWX3 

SNZl 

.--.- 18S IIlI,vA 

Fi~",-(, ~_4. The e.pre"ion of early , mtionary ph" ' " Ilene., during log ph" , e ~nd early 

statio" "ry ph",". 

In orde..- to find" cOnlrol gene that wa< constitutively expres'ed througholl the cell cycle and into 

the , tationary phase, various diauxic 'nift and early stationary phase genes were tested. The ISS 

rRNA band was ,o;ed a, a loading control. Hours 8 - 10 correspond to early log phase. 12 - 14 

correspond to late log ph",e, while 24 h corresponds to tn e diauxic ,hill. 

BCY}, R(JX3 and SNZl were expressed constitlltively in early log and late log phase 

(lanes 1"4, figure 4.4). However, the mRNA expression 01' these genes decreased 

markedly when the cells reached [he diauxic shift (lane 5). The only gene that slmwed 

constitlltiv~ express ion throughollt the cell cycle WaS DNFi, which displayed roughly 

equal levels of mRNA expression in the early log and late log phases of the cell cycle. 

The mRNA expression remained constant for DNFI as the cell entered into the diallxic 
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shin (Ianc 5) and thc genc was the~fo", used as an iotent.ll l control for the p!"c'-cI\cc o f 

mRNA in future ~xperiments. 

YeaSt culture, were gro"'" for 5 days with samples removed for RNA extraction cach 

da)', over a S day period. 10 determine ","e[her HIIO] was expre.sed during the 

sUltionary pMSt'. Usmg nOJ1hm1 blol anal)sis it was found that HHOI "a~ cxp~~ lit 

constalll Icvels dur ing tM stationar) phMe, fr<lrn I da~ to 5 days (Figure 4.5). D,VFI 

.... hkh ",lIS used as II control for intact mRNA "as also C!<pressed at constam l evel~ 

d~ring the .>Utli"ltllIY phase over the 5 day J'lC'mld, 

1 1 l 4 5 (da,..,,) 

""'" 

-----
fiwure 4. ~. Tile .t~ tlOnal'} phK.r npr""''''K of hi;tou III. 

RNA "'8$ UU11Cled 81 24 hllllr inl(n"l. O>'(:f 5 da)'! from W303 yc:m cullUres and probed for !he 

pre$CIlCc of IIIfOI mRNA. DNFI was ~ ~s ~ OOMI,[ulivc ~on ronlrol, "Mc the 18S 

rRNA band wu U><'d IL'l ~ loadin& coo\rOl. 
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or " -~--..• --- ~~~-
----~---.. ---. 

I 
0.12 

" • . -, , ~ 

0 ~ 
0 OM 0 , 

I 0 

• --0 , 
~ 

1 • 
! 0.06 i / T t 1 • , , 

. - L 
0 

I .. , 
• 

, f , 1 
Q.Q~ r 1 . , 1 

0.02 '0: T 

Timolhours) 

Figurc 4.6. Thc growth of \VT aud hhor stnius following cxponre to 4"C, 

(irow\h (OD""J) was plOl\ed versus rime (rni"u('-'S). W303 (dosed ~i",k,). W303 hhol (01'"''' 

d ,e l'-'S). FY2 (cio.<.ed diamonds) and FY2 him r (open ctiamond,) wne grown [u ,["[iunary pllas~ 

,m::! in~ub"[ed"1 4'C fur 24 OOU". Culture, were dilllltd (0 UD" ., of 0.02 and i,..,<lWtect aT JIj"( 

fur lip 10 3.500ur', t\ knu"n ~uld-'.n<itiv. ,(rain, YM1W39C, ",a, us."j a, a control (indicated by 

tile cio.;ed .;qmT~s). 
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". --------- ----- --------------- ----------

I 
0.12 -I } -I -

" 
" --1 

y , , .',: 

• a.a~ j " • • 

I 
• • ~. • • • 000 /',= , , 

0 

0> .~ 

002 f 
0 

0 " " , 2.5 " Tim. (h"",O) 

Fi~ure 4.7. The rescue of the cold-scnMtlH ph~not~p~. 

Growth (OU"",) waS plotted "~T,US lime (minu"",,). V.-'303 (cloxd '"l"ar~,), V.-'303 Mol (clo,ed 

diamonds), WJOJ /rh() r -I- JJJJ() I (cl"",d triangl es) were grown to ,tationary rilase and incubated 

at .J'e for 14 oou rs _ Cultn"" w. '" d;hx~d to 0 0""., of o. m and ;ncnlxtted at 30'C for up to 3.5 

hOlL". 
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To ~erif'y that the HI101 mRl\A waS pres<)llt in the hhoF strain. n(llthem blot analysis 

was used (FigUl'e 4.8). In thi~ experiment the expres~iol1 of RRO! was compared itltwo 

hhoT ,trains, a wildt),pe strain, and an hhoF cOl1tail1ing a r~>cue plasmid. 

W303 
hhol' 
PRS416 
~f~ 

,,*," '?, ,0.' 

3 4 

W303 

(lane~) 

(straill) 

llHOl 

m,'F! 

18S rRNA 

Figure -1.8. Nortbern blot eoufirming tbe npre"io. of HHOI in W303 h/wr ufteT in,erho. 

of a res"ue plusmid. 

WJ03 M()l-was transformL'<l wilh ~ ~emromerk plasmid conlainin!; Ihe HHOl gL'rlC and ii, 

promoter region,. RNA waS e.~lm~ted from Inc re,ulTanl slrain dc,ign~ted ~,'303 iohaF'" HHOllo 

confn"tTI thai HHOl w"s expressed. Lane 1: W303 hhut+ i>a,mid (m HHOl); Lane 2. W303 

hlml (knockoul ,lrain); bne 3; W303 hhoF+ HTTOI (knockou! +Hl gene); Lane -\: W303 (WT). 

In the W303 MuT strain (lane I), 110 HH01 mlfl\A transcript occurs because no 

liLllctional111101 gene occurs in this main, sil1ce an empty plasmid vector, withollt the 

RHO! gene "a~ transJormed into this strain. No mRNA transcript is seell ln lane 2 either. 

since this is the knockout ~train, which due~ not ros~es~ a functional RHO! gene. It i, 

evid~nt that the wildtypc stmLn (lane 4) and the 111101 deletion strain containing the HI 

insert (lane 3), pos~ss RHO! mR\lA, ,,'hile th~ knockout strains do no! DNFI was u",d 

as a contrlli fOl' intact mRl\A, whil~ ISS rRNA was u",d as a loading cOl1troL Thi~ r~sult 

confimls that a fllnctiol1al RllO! gene occur, in the W303 hhoF' RHO! strain. 
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'l'im~ (hours) 
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DNFl 

I&')~RNA ...... --- .... 
Fi.:;ure 4.9. Nortbern blot displaying the e'pression pallero of 111101 

dUling tbr lag phuc. 

RNA W>IS extracted at int~rvals dlring the lag phas~ following a 24 hour 

4"C incubation and probed tOr the pre,ence of HHO! mlU\'A. The DNF! 

Wil> used a. a constitll1ive expression control. while the I~S rRNA band 

WHS llS~d as a l(IIIding control. Oh rete" to RNA at the start of lag phase 

"fier the 4'C inCllbHtion; O.5h - refers 10 0.5 h after Ihe slart of lag phase. 

Sample., "ere also taken Ih and 2h afier the ,tan of lag phase. 

Chapter 4 
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5.2 [:l.planatiull for the culd·sensitiw ph~llotype 

In this study we hav~ identified a cIcar phenolype, where a y~,~'1 slrain lacking 

Hholp, lake, up (0 3 lime~ Iong~r l(l produce a bud following exposure to 4°C Thi, 

temporary pause was also visible as a lag j1ha~~ or approximJtel~ 2h before 

re,umption of gro\\·th. after exposure of a stationary phase ~llIture 10 40(;. Since we 

have ,hown Ihm llll~ lag ph,~,e \\a, rescued by IIholp, it is elear lhd! lhe cold-

....-:nsitiv~ phenotype is due to th~ absence ol"Hhol p_ 

(bl 

(e) 

Stationary 
phas9 

Figure S.l \Vhat will the microarray tell me? 

mRNA staIJility r ") 

;­
_ 0 

Oh th 2h 

• 
T 

a) (,enc i, inappropriately repressed or activated in the al"ence of [Iholp following the 

"ulri."l limiled slalio"ary phase and cold-trcatmcnt. h) A" effeCl onlh.: mRNA half-lives of 

tran<cripl<, d<lCclC<i by thc microarray during (hc lag phase; c) OCJJt:S may be inappropriately 

regnlated prior to cold-treatment in the ao.ence of llholp, blLt where thc gClle product is 

d;",ctiy involved in establish ing the cold-,en<itive phenotype 
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Figure 5.2 The numt..,r of g~nes "ffeeled llcl'onling to Ji.u I"ofao fu octiooal groups (Oh). 

The har-graph ,how, the llum\x;, or g~n"s at lh~ beginning of lag ph~sc (Oh) in c~d, 

runcl;()n . 1 catcgor} affected by the deletion of HHIJI. after a 4' C ;llcuhat;oll. I he number of 

ge-ncs j, plotted on the y-axis. 
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% Gene. affected in eoch Euro!3n cm.go')' 

" - - ---- ---- ------------ ----- --- -- ------------------------------, 

• - - -

" - - --

• 
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• DJJ_l ID 01 .. lliL __ 
• 

//.////// 
,///~/r~/J// 

"////// 
./ . " ./ / 
- "/ /' 

Figure 5,3 Tile percentage of gene~ affected according to Eurofan functional eatcgor;",,_ 

I'he bar-graph ,hows the % of gen., at the beginning of lag phase (nh) in cach functional 

category, atrect~d by th. dd'lion of HH01, aft.r a 4"C incubation. Tile ~o of gcnes i, plotted 

on the y-axis. 

Thcse data show thai gcncs in a broad spectrum of fWlCtional da~se~ are alTccted 

when Hholp lS af,~enL Furlhermore, it doe~ not appear that a ~ingle Ii.metional class is 

preferentially affected by the absence of llholp. 

To investigate the po~~ibilily lhat Ih" gene~ thm re~pond to Hhol p do ~o not because 

or a I-undional cla%iJicmion, but due to localised Hholp-dependenl chromatin 

~lructure~. the location 01- the re~pom;LVe gene~ were noted on the chromosomes 

(Saccharomyces Genome Database). Interestingly, on chromosome IV and VII, the 
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gcncs atTeclcd wCre shown to hc in the same arCa ot" the ~hromosome (figure 5.4). 

The other chromosomes did not exhibit clustered regions of genes affectcd hy thc 

ahscnce of Hho I P 

(hrOAlOsoroe lV 

• • 

" 20000 
• 

40000 

- . 
60000 

----- •• 
" 20000 40000 

• • • •• 
80000 100000 120000 140000 

--- .- .. _._ .. -
60000 80000 100000 

P(l~jti<ln bp 

Figure 5.4 Clust~rs ofg~ncs affcct~d by the abs~nc~ of 1I1IOI at the beginning of 

lag pha~c. Gencs (ORFs) arC indicated by the coloured diamonds Centromeres are 

indicated h)' the maroon dots. Chromosome length (bp) is indicated. 

It is important to note that while these genes oc~ur in ph" ,;ic~l du>ters on the 

chromos.omes, they are situated on different areas of the GencFilters yeast 

microarrays. Also, genes in the identified clustcrs displayed both activation anu 

repression in thc ahscnce ot" Hhol p, although !he m'\iority of genes wCrC up regulated 

in the WT celL Interestingly, the gcncs prescnt in thc large cluster on chromosome IV 

~\ the 010 lag time [Xlint, arc all upregulated. This is evident in Jiigure 5.5, which 

shows this clustered region in greater detail. 
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• 

rigm-" 5.5 Large clustered rc~ion on dnomu,omc IV at the Oh -llIg time point. 

G."", "ITecled by the "h,ellC" of HHO 1 an, indicated by th e red ,"ctangle, . 
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The genes in this region Jre not confined to Jny functional ~roup, and interestingly, 

none ofthcm are down-re~ulalCd. 

5.~ La!: phasf mlfroarray -lh time point 

RNA was extracted one hour after the ,tart or lag pha.,e. The differences in gene 

expro;s,ion ror the lh lime point were determined using the ,ame procedure used 

above. However, in this case, total Rl\A " ,a, extr~cled from cejjs one hour into the 

IJg ph~s e , This was performed to investigate the tranwription profile in the hllOF at a 

time when it was likely to more closely resemhle lhal 01'111<' WT strain, 

A lotJi 01'216 genes were found to be affected hy the ah,cn~e orHholp Jt this stage 

of grm.vth, These gene" were c1a,"ilied ~s described above. h~ure 5.6 ,hows lhe 

number of genes in cach functional cla~, and th~ p~rc entage of gencs in each 

fUllctional class affectcd by the ab"en~e of the HHOl gen e is shown in J.'igure 5.7. 

Again the genes affected are not restrictcd to anyone cia," of gene". 
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Clwpter 5 

Figure S.6 Tile nurn ber of gene'! affe.:ted according 10 E"rofKn fum1cionalgronp .• (lll). 

Thc bar-graph shows the number of genes j" ea~h Junclional calegory aff~~l~d hy l~ de~ljon 

of HHOfat tl", lh into lag plJa'~ (Ih). aft~r a 1"C inclIhation. The numlxr of gene, is "lolled 

On the y·axis. 

, 

• , • • , ! , 
I 

, 
0 , 

0 

/ , 

Pigur. 5.7 The p<rcentag. "f g'"" aff. ct. d "«,,"ding to Furofan fun~tioul group, (lh). The bo,· 

graph .'Iw", the ~'. or gene> ill e..ol> fu[)(tio"al e"legory alTeclc-d hy lh. d<l.tiun of HHOfJ! the 11> il1w 

log ph",e (Oh), oTIer 0 ~ 'c inc\lbmion. '11", % of gene> i, ploLled On the) ·ax", 

"0 
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The chromos01nal ,maly,i, of the location of the g~nes alfected by the abs~nc~ of 

111101, shmvs that on chromosome IV and Vil (Figurc 5,8), the genes are conlined. in 

part, W CeJiain areas of the chromosome, The nllmher 01 genes in thc,c clusters have 

decr~aseJ at the Ih lime )XJinl. The actl1a! genes affected betw~en the ()h anJ Ih timc-

pornl, di fkr completely, though gcnes in the same regions are allccled, 

Chrom IV 

Po~itjon (bpI 

Chrom VII 

• I I 
oo:coo 

Po~ition (bp) 

Figure 5.8 Clustcr~ uf ge)le~ affected by the abseuce of l/l/OJ one hour into lag 

phase. (icnes ar~ indicated hy th~ coloured JiamonJs Centromeres are indical~d by 

lhe martlon dolS. Chromo,ome length bp is indiC<lled. 

5.5 Stational") Phase J\.Iicroarray 

Finally, a mieroarray ~xpcrim~nt dekrmining the dilFerences in genc expression 

dmrng the Sl<llionary phase of yeast growth. was performed. 

Dl1ring the stationary phase genc exprcssion in \>,11 cells is greally diminished. It i, 

therefore not sl1rplising to 11nJ that only a small nllmher of genc, were affecwd by the 

abscnce of llholp, A total of 12 gcnes \\"er~ down-reglllaled morc than 2 )( in the 
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\..-U<;1.lJlCI 5 

were Ull" "'''' • .uaL,",U 

were more 3 x. 

Function Chr# Fold. "'In """''''.v •• Gene name 
stationary pbase 

Succinate IV -2.02 SDH4 
dehydrogenase 

GYP7 
GTPase l:ll,.;llVl:lLlH!:!i IV -2.31 protein 

URPI 
Part ~"~""""/prou;:m 

II -2.10 
biosynthesis 

YBL086C 
II -2.19 

CDC19 
kinase I -2.05 

Part i"- :/prou::m 
II -2.09 SUP46 

biosynthesis 
Part ill :lpI'ou::m 

II -2.55 YBL092W 
biosynthesis 
Heat shock 

II -2.15 HSP26 protein/stress 

YDR134C 
Unknown (!:imilar to 

flo 1 pi 5~/9p ) IV -2.55 

Part ri 'pIUL .. 'U VIII -2.35 URP2 biosynthesis 
RNA pol II. DNA IV -2.12 RPB7 RNA pol 

HSP42 TJ .. ft"n'· .• {stress IV -2.78 . 
FUN 19 IV -2.37 

YDR133C I -2.05 

the ab~lenc~e 

are 

COlltrary to seen were n" •• uA''''L ... · .... 

to 

nrc)ce:ss(~s or 

were not '"'VI:.u.U ........ to 
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~S1"Cle;.l regions of l~ chromosomes an«h!.J. Table 5 l i~L~ lhe nurn.~r of genes 

arr"'~1<d 011 ",arh rhro",oso",,,, . 

.. Imonf~ o f HHOJ. 

~.~ \ . ,·rifie. fion of microal'ray da fa 

(Sp;,llnll1n rt (1/ .• 1998). The lag pha~c cxpn::ss ion "I' hi'lOne 1I2A and 1\4 was 

Iho!1"efu .( compaJ{~u 10 lhe ~pression 1<\<1 of tltIUJ during the lag pl\3-<, in onltr 10 

In\e~1Igate the expression pallem of <ssential genes. which an.: also needed. for DN.'" 

, 
115 2 time (h) 

IJIlFl 

InAl 

III10J 

DNFI 

--..-~ 

Flj!11I'(" ~.9. Northern hlol of 111,\ (IIT ,\I ) ,,"ud Ilot (IlHtl ) g~lI~ InlUsoripLo durin~ lh~ 
1H!l l,hMI«'. RNA ".,., extracted al ;nltTl·ai,. dLuin!; tI,,; lag phase following a 24 h 4'( 
Jn~L!\>l'!lL(\n A,,,I prob~,1 [or Ih~ pr~ '~ll"~ of flfIFI and Hl>1.1 mRNA. The n.VFJ w:.::; ,,~cd ItS M 
~on.litutive e~pre"ion control, while the IRS rRNA \>anJ was """J a, a hIding control. Oh 
r~i~l\ 10 RNA "I th~ s~"t of lag ph" le afLer the 4'C incubat ion; Samples WU~ ,d .o L a~~ll O.~h, 
Ih ~nd 2h after the ,;tart ofla~ pha.<,c. 
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1..111,<111''''' to not traJ1SClrtpt at 0 

1 IS ore:seJlt 

none is pre:seltlt 

start 

was at 

were to del:errmnle 

were were 

geI1l0me; """'UT""""''' on cru'omlOS()mC~S were 

aIIC~cte:a on crurOI1rlm;Onles 

were clustered 

were 

SYI1ttm::SlS were attec1ted 

were more 3 x. 
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'-'ua' ...... ,. 6 

tomato 

:SC11Ppa et 

resJ)oncls to 

ext,ressed to requin:d to c;:nnJ1VP water stress cOlldrtloltl ....... '''' ...... ,,;:, are 

COIldens<;:d cJtlro!maltm structures 

stn1uns are not more to 

or oXl.da11ve stress stn:sse:d CIOn(lltilons are not Idell1t1caI to water-

we is 

It was sholwn a declreasled liltesp:ID et 

are probably lDl1prc)per'ly regul~lted, 

is umtlle:cted. 

is eXI,ressed durmg 

enter res])on:se to unti:.tV0111'at,le c(mdJit10111S 

We:rne:r- 'V'tasnt),UITLe et can return to 

resume nOlrm::.tl llrm;vth ChI',om.:.ttIn is 

ti ...... ,tI" cOInp~lctc::d c()mJ)ar<;:d to 

stress a protec1tlve 

protec1:ing it 

to 
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It is unc.lear whlethc~r 

or DmOliitg IS .v ... "' .. ,,"' .... 

structures 

oeC:OITle more tav'owraO.le 

IS co]d-~;ensltllvltv 

seems to to 

some a IUrlCtlOn 

uup""''''.",,,, as a OPl1lprl'll 

not seem to 

....... Al' ........ '''"'A et it 

was not act as a OP.."", .. " 

nor was 

l-J<:If't",,,.tn1"l et theretlore act a 

as seen 
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