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Introduction 

breaks down ~s thylakoids and chlorophyll (Dace ct at, 1999; Farrant. 2000: Figure 

12) This is thought to be a mechanism of limiting photo-oxidative damage (Smirnoff, 

1993) and may enable poikilochlorophyllous plants to sUNive lower relative humidity 

than homoichlorophyllous relatives (Gaff, (989) 

Figure 1,2: Photographs of (A) hydrated and (8) dehydrated X humllis plallts 

Although several important processes occur al the anatomical level during desiccation 

and rehydration, there are no known studies of the changes undergone by the roots of 

X humilis during the same progressiOll, In Chapter 2 of this dissertation some of the 

anatomical respOIlses of the roots to desiccatiOll and rehydration have been explored, 

1.2 Mechanisms of Desiccation Tolerance 

An oveNiew of the processes that may be involved in the sensing and respOIlse to 

water loss in the roots and leaves of a desiccaliOll tolerant planl are illustrated in Figure 

1,3. 
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Figure 1.3 A basic model depicting the possible processes inv~ved ill the onset 

detection artd amelioration of desiccation stress, 

It is evidellt that in order for the aerial parts of the plant to survive desiccation, the roots 

must themselves be desiccation tolerallt. However, it callilot be assumed that roots and 

shoots respolld in the same manner during osmotic stress (Scott. 2000), There is 

reasonable evidence 10 suggest a convergence on some commoll features (Somero, 

1992: Alpert, 2000: Lopez-Bucio et al., 2000), but it is likely that the roots exhibit 

alternate means of responding to. and surviving. water flux. The most critical of these 

differences - in terms of the plaill's survival - is the facility with which roots detect 

subtle shifts ill their osmotic environmellt. 
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Introduction 

TElble 1.1. Some differentially expressed gelleS dOlled from resurrection plants 

PI.,,{ GOII«.) Id."lity Rofe'e!I<e 

{" ptanillgin,,"" Dehydri,,, Pia{towski el al. (1990) 

LEA, 

Eorly-li£h{-iooll<ible proIein Bartel, et a/. (1992) 

GapC·Oat Cytosolio GPD Vel .. "" e/ at. (I \194) 

1113. 7. 10 ("m,keto] .. ." Bern.cehia eI af. (1995) 

SPSI Suorose-phosphate syntha.e Inboram. & Bartel . (19%) 

SS1.pSS2 Sucro.., ,yntha .. , 

CpmJ.1O Myh ironscription focto< Uurragia el af. (1996) 
CpABf_3 ABI_3 hmn"Iogue Chandl",. and Bartel. (1997) 

CpSPSJ.2 Sucrose pho,phate syn{h ... In2ram e/ af. (19'17) 

CpPIPa. h. c PI.momembrane intrinsic protem. \briaux ~t al. (l99R) 

Cpl1P Tonoplasl imriru;;c protein • 
CpPLDI. } Ph'''pholip ... D Fr.nk"1 at. (2000) 

CpALDI13.4 Aldehyde dehydro£e,wse Kirch et al. (2001) 
CpHB3_7 Hmn .. od"m~m leucine zipper g<."ll<."> D ... ng e/ at. (2002) 

CpllJ8 SAP transonp1ion n."tor Hilbricht et al. (2002) 
CpPTP., Plastid brgeted protelll fomily Philips et at. (2002) 

""ulr, Tr., Rehydnns (18 gC"tlc.s) Scot! .nd Ollvc"", (I \i94) 

Tr188. Jj5 Rehydrl". Oii" .. eI al. (1995) 
lJbiquitin O·\1al>nny .nd Oli ver (1999) 

,u. 16 Ribosomol proteins Wood el al. (2000) 

S3a RibOlomol prot ... in Duff"1 at. (1999) 
rh153 Replace"","! hist,..,o Velte" and Oii"or (2002) 

'I"l'fia~u, Rahl GTP_bindmg pmtein (J\1~h<m)' .nd Oliver (I 999) 

Polyubiquiti" O"\lah'HlY ."d Oher ( I 999b i 
~DGl37c Smoll glycine rich prutl;n ~·eale "' at. (2000) 

SDC4Jc Glycme .nd pcohne rich prolem 
·J)(j134c Protein initi.!ion faotor 
DC69c hrly li2ht inrncibl. prutoin 
DG37c Serino/thr""llIne phn.,phat . .. 

DG50c Gamma totlopl,,! intrinsic protoi" 

Y. ';.«:nm A.ldrXY4 Al dose TernOWe Mundroo '" al. (2000) 
Del,ydrin Mundree.nd f.rrant (2000) 

xm '" Ndlm. '" at. (2001) 
vm u,ctjn Mu"dree ood FarrN:lt (2000) 

f'APXV Acid Phosphatase 
RHXV Rehydrl" 
CBPXV Calcium binding p:o{c~n • 
GSXY Gol""tinol ')1lth",,~ 
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Introduction 

1.3 Targeted Approaches to Dissection of Stress-Response Pathways 

In a complex background of gene flux such as that described above. it is extremely 

difficult to target vital components of the desiccation tolerance medlanisms using 

traditional molecular techniques. In addition, reverse genetic approaches are limited by 

the lack of tissue-cultured material and by the slow gennination and growth rates of 

desiccation tolerant species (Oliver and Bewley. 2001). The recent development of 

microarrays (Schena et al., 1995) has. however. made the comprehensive analysis of 

the molecular responses to desiccation possible. 

Microarrays are basically extensions of the Southem and reverse northern blot 

procedures (Eisen and Brown, 1999; Lander, 1999). In their most common form, they 

involve the immobilization of defined cDNAs (the 'probes'; Phimister, 1999) on glass or 

perspex slides (Eisen and Brown, 1999). Slides consistillg of up to 1000 genes per cm1 

and 30 000 independent probes in total are now commonly available (Lander, 1999). 

For transcript profiling, two populations of RNA or mRNA (the 'targets', Phimister, 1999) 

are labeled with differellt fiourodlromes and hybridized to the chip. Comparison of the 

sigllal illtenslties for the two dyes allows differelltial levels of target to be identified 

(Figure 1. 5; Epstein and Butow, 2000). The range of applications for microarrays is 

expanding extremely rapidly to include the use of oligonucleotide probes alld genomic 

DNA in the identification of drug targets, evolutionary relationships, disease causillg 

mutations and organ or tissue specific expression patterns (Epstein and Butow, 2000). 

Essentially the technique may be modified and adjusted to suit the research in question. 

The power of the microarray analysis Is considerable and Is being demonstrated in plant 

research on an increasing number of occasions. The regulation of the Arabidopsis 

transcriptome has been studied during the cell cycle (Vandepoele et al., 2002), seed 

development (Girke et al., 2000), circadian rhythms (Harmer et aI., 2000). plant 

development (Zhu et a/., 2000) and in response to oxidative stress (Desikan et a/., 

2001), nitrate flux (Wang et al., 2001) and a variety of abiotic stresses (Seki et al., 2001; 

Cheong et a/., 2002; Fowler and Thomashow, 2002: Seki et al., 2002). 

16 
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Figure 15 An example of a mlcroarray slide. Spots indicate the position of 

indepoodent cDNAs that have been competitively targeted by populations 

of Cy3/ Cy5 labeled mRNA. The relative Intemity of the red. green 

channels for an individual spot is indicative of the differert levels of a 

particular mRNA in the sample (Image obtained from the Ardbidopsls 

Functional Genomics Consortillmj. 

In studying plant responses to water deficit Seki et al. (2001) arrayed 1 300 Arabidopsis 

eDNAs and identified 44 drought- and 19 cold-inducible genes, of which 30 and 10 

respectively were novel They have recently expanded the analysis to lf1c1ude 7 000 full 

length eDNAs, and have consequently identified an acklltional 53, 277 and 194 genes 

that are dramatically up-regulated In response to drOlight, cold and saHnity stress, 

respectively (Seki et at 2002). Based en the results, the authors have proposed that 

there is a large overlap ifl the utilization of genes for the amelioratioo of divergent 

stresses - a contention that has been supported by the analysis of the differential 

expression 8 200 Arabldopsls genes In response 10 pathogen attack, hormone 

treatment, heat shock and osmotic stress (Cheong et al., 2002). However. b€l:ause the 

I ' 



Univ
ers

ity
 of

  C
ap

e T
ow

n
are UO~:JIUI 

resources 

Inr~:ar'ldCI.C! as a means 

It 

resources 

near 



Univ
ers

ity
 of

  C
ap

e T
ow

n

1 

1. 



Univ
ers

ity
 of

  C
ap

e T
ow

n

is 

~9'lIAI'":::II1 ............ ,"""0'''1'' DlroceSI:5es occur 

are as a means 

10rc)Dlslsts are .......... ,0 .... '1'11 ... "" ... 

are no 

an 



Univ
ers

ity
 of

  C
ap

e T
ow

n

are DOlSSEISS a lJ'oCI/.AlTlloCIn 

a common 

.1 Metablolic aOllUSllrnelrU 

a 

common 



Univ
ers

ity
 of

  C
ap

e T
ow

n

an 

removes monolsac:chlEiricles 

a 

1 



Univ
ers

ity
 of

  C
ap

e T
ow

n

a means 

are 

are 



Univ
ers

ity
 of

  C
ap

e T
ow

n

were COlleCtea 

... 1 ... ,"' .... were .. ..-. .... n .. WI[Jea 

were eXC::ISEKl 

InSDelC[lc»n DiBSEIO on ...vI ' ...... 1 

were 

mnlAQwere 

or 

a Clelslcc:atclr I"jI"\"'T~ln 

masses were 



Univ
ers

ity
 of

  C
ap

e T
ow

n

a 

as 

were 

= 

R= constant J. 
T::::: .-.u>:'UlU"" Tl=IImrU=IIl'l:ltl 

as '\lIIi:~tinn or 

i. s(!an,nm,(J .o,.o"'lI'I'It"I,,1"lI "ricrOSC::Dl.lIV ......... ".'10 

a 

means were rQl"lrQc~QnfDti 

were 

JrTSlce:S. ~!:ImlnliG.c:t were 



Univ
ers

ity
 of

  C
ap

e T
ow

n

ii. 

were 

3 sec:oorlS 

1 

a 
repncaltes were 1 

mm sec:tiorlS 

2 

h 

meaSlJrelments were 

10 

5 

one 

5 

S 

5e,CtlCms were 

tetnlxlcle. 2 

2 

IHi'II'I.fHS were 



Univ
ers

ity
 of

  C
ap

e T
ow

n

2 

one s 
c!!~:UTllnll£ll was 1I...cII1'""UIc:n ... ; .... 

mass 

Cleslcca1teCi was a .......... ' ........ • 

.'''' ... T1I..-.'' .... '' were 

as I"nl"ltrnlC!! 

were 

were DOIleo 

-were 

or 

a was 



Univ
ers

ity
 of

  C
ap

e T
ow

n
a 

was 

one or 

were 

/ 



Univ
ers

ity
 of

  C
ap

e T
ow

n

A. 

B 

' \ 
/ 

, 

, 

Figure 2 1 Photographs showing the gross morphology of X humilis 
(Al The intact plant. and (B) separalkln oflhe living and older 
(dead) rools. 
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Figure 2,3 
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Transmission electron micrographs showing Gross sections through cells 

of the cortex of a hydrated X Iwmilis root. (A-C) Cortical parenchyma cells 

[7 000 xl and (0) the cortical cells bordering the lignified stele [8 000 xl 

cw = cell wall, Is '" lignified stelar cell. n = nucleus, v '" vacuole. 
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Chapter 2 

SEM of the older, darker roots revealed that these had undergone extensive collapse, 

willl the cortical regiOll shearing away from the exodermis (Figure 2.4 A), Except for 

the larger xylem vessels and the lignifiBd stOlle, the cells of the cortical mgion were 

flattened and folded. This indicated that the cortical parenchyma was the only part of 

the root VUlnerable to structural alteration. 

Obtaining SEM images of dry roots was problematic due to large-scale shattering that 

was not observed in either hydrated or dead roots (Figures 2,4 C-D), This precluded 

identification or observatiOll of any changes undergone during desiccation and was 

ascribed to the vitrification of the cytoplasm of the root cells during this process. The 

glass-like nature of the root shards was clear1y visible (Figures 2.4 C-D). 

Similar problems with root shattering were experienced in the culling of dry roots prior 

to sectioning, tIlough this could be avoided by siicing the rools al an angle to tile 

surface. Non-aqueous fixation and TEM of these sections revealed that the corlical 

parenchyma cells had undergone extensive subdivisiOn of vacuoles (Figure 2.5 C). 

The vacuoles were extremely small and appeared to contain an electron dense 

substance (Figure 2.5 D). In this regard the roots appeared to undergo similar ultra­

structural changes described for tile leaves (ShelViin and Farrant, 1998), Other 

organelles were not distinguishable from the vacuoles (Figures 2_5 C-D). Some 

apparent cell wall folding occurred in the cortical regiOll, but this was variable and may 

have arisen during the sectioning of the roots for fixation. However, collapse of the 

root tips was visible prior to fixation, indicating that cell wall adjustment may occur in 

certain regions. As would be expected for dead tissue, the lignified stellar region was 

not visibly affected by desiccation, altllough occasional metaxylem vessel lumen 

blockage was observed (Figure 2.5 B). In general, analysis of root sections was 

extremely difficult due to the density of the cytoplasmic contents and tile complexity of 

the arrangement of cellular components. 
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Figure 2 4 S~anning electron micrographs of freeze.fractured (A-B) older (deaa) ami 

(C_O) desiccated X. Iu.mlliis rool s. Shattering of the dry fools 1'5 eVIO&nt 110m 

the presence of the glass·like Shalds (s) CK = corteK, e. "e. O\1ermls. K " 

.ylem Magmficatlons and scale bars ale indicated on the ,mages 
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Figure 2_5 
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Transmission elect ron micrographs of cross sections through dehydrated 

X. humifis roots (A) The intact stele [1 000 xl (6) metaxylem vessels [2 000 xl 

(C) cortical cells filled with vesicles [10 000 xl (0) young vacuolated cortical 

cells ("image inverted for clarity) [60 000 xl_ cw = cell wall, dew = damaged cell 

wall, S = stele, v = vessel. vs = vesicle containirtg electron dense substance_ 
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Chapter 2 
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2.3.3 Water contents and water potentials 

Figure 2.6 A indicates that despite a small delay in the drop in RWe (between 0·7 

days), roots of X humilis were found to lose water at very similar rates to Hie leaves. 

The roots typicatly attained slighUy lower RWCs than the leaves (approximately 3%). 

In ail cases, the AWe of roots was significantly lower than that of the leaves (data not 

S~lown) 

Roots were found to rehydrale extremely rapidly. allaining RWCs of 60-80 % within 3 

h, and full hydration within 6-12 h after the application of waler. This was several fold 

faster than Hie ieaves, whicll only rehydrated within 24--48 h (Figure 2.6 B). This rapid 

rehydration was confirmed by the corresponding sllifts in the water potentials of the 

roots and leaves (Figure 2.6 C). ne discrepant rehydration of the roots was attributed 

to the absorption of the water by the velamen and exodermis. The leaves underwent 

re-greening during rehydration while no visible metabolic processes were evident for 

the roots. Attempts to monitor translation initiation with J ~S labeled methionine and 

leucine were unsuccessful due to low protein levels (data not shown), and as a result, 

the relative time frame for metabolic recovery could not be determined. Whether or not 

the rapid absorplion of water by Ihe rools corresponded to a 'sponge effect" rather 

than cellular re-activation was uncieaL 

2.3.4 Electrolytic leakage 

Electrolytic leakage rates for leaves and roots did not differ significantly bet\veen 

hydrated controls and dehydrated or partially rehydrated samples (Figure 2.7) 

suggesting that structural integrity was maintained. Although rehydrated rools had 20 

% higher leakage rates compared to controls, this was not considered to be indicative 

of extensive damage. For roots, the absolute values of the electrolytic leakage were 

observed to be very high during the first 30 min of analysis. This was conserved 

between controls and test samples. suggesting Hlat it COlTesponds to release of ions 

from the surface of the roots rather than from membrane leakage. 

35 
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Chapter 2 

2.3.5 Prolir'!e and sugars 

III order to establish the r'!ature of the substances accumulated in the vesicles and 

those responsible for the br.tlelless of the dehydrated roots, sugar and prolir'!e levels 

were illvesilgated 

Dehydrated roots had approximately 3 fold higher levels of sucrose thar'! hydrated 

samples (Figure 28) This accumulation of sucrose was cOr'!sidered significant enough 

to imply that sucrose couid playa role in stabilization of the dehydrated cells Glucose 

and fructose levels decreased, but this decrease combined with their levels in the 

hydrated t issue did oot suggest that they were the primary carbohydrate source for 

sucrose synthesis. Sucrose levels decreased during rehydratKlr'l. arld this occurred ir'!­

lirle With a slight increase in glucose or fructose levels (Figure 2.8), The absence of a 

large increase in rnollosaccharide levels suggested that sucrose is utilized 

immediately as an energy source during recovery. The ratio of fructose to glucose in 

the root samples (approximately 6:1) was distinct from that that observed in leaf 

samples (approximately 2:1; Figure 2.8) Sucrose levels for the hydrated leaf controls 

were similar to those reported by Cooper (2001) indicating that the method used was 

sufficient ly accurate 

Figure 2.8: 

-,~ ;=, ====-=-==-==::--, , 
120 I 

1,)) 

C 
" , 00 
c 
" " 0, 
! 
~ 

~ 

Glucose, fructose and sucrose levels ill roots of X humilis 

'nGixo,e 
8 Frco:l",e 

IOSoc 'ooe 

Changes in glucose levels are non-s.igll t icallt (P" 095) Standard deviations are 

represellted by vertICal bars. The leaf data is presented as an internal crn:ltyol 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Chapter 2 

The levels of proline ifl the E nindensis cootrois (Figure 2 g) corresponded exact~ 

with those reported in the literature (Tymms and Gaff, 1 979) indicating that the method 

employed was both accurate and free from interference by high sugar levels Proline 

levels in the dry leaves of X. Iwmilis were approximately double those in the hydrated 

samples and 3 times those in the rehydrated samples (Figure 2.9). This suggested 

that proline accumulated during desiccation and was actively removed during 

rehydration, possibty through its use as an energy source. Proline levels in the roots 

could not be determined by this method since a substance present in the samples 

caused the organic solvent fraction to mix with the aqueous fraction Nevertheless no 

coiour deveiopment was observed in these samples, which could indicate that proline 

levels in these organs remaifl low 

Figure 2,9 

3750 

Proline levels in the leaves of X. !Jllmilis as determined by reference to a 

~tandard proline curve constwc.ted under the same experimental 

conditIons Dehydrated inner I€aves of E nimlensis were lIsed as a 

control. 
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protein kinase (MAPK) cascades or with other two compooent systems (West and 

Stock, 2001' Lorhmann and Harter, 2002) 

, 

B 

Figure 3.1' 

c"'''''' ",,'" ; 

The functioning of two component systems (A) A simple lIovo-component 

system in 'Nhich a poosphate group is transferred directly from the 

hislldine kinase to the response regulator. (S) A InlIltiple phospoorelay 

system involving a hybrid type histidine kinase (images from Schaller e! 

al.. 2.001), 

The Arabidopsis g8llorrte encodes for 17 hIStidine or hybrid histidine kinases and 23 

response regulators (Schaller e! al 2001, Lorhman and Harter, 2002) The respoose 

regulators have been classified as eilher types A or B depending 00 their domain 

structure and responsiveness 10 cytokinins (Imamura ei ai., 1999; Lorhmann and 

Harter. 2002). To date, ethylene and cytokinin perception and signaling are the most 

common functions ascribed to the Arabidopsis two-compOO8llt systems (O'Agostino et 

aI., 2000: Sakakibara et aI., 2000; West and Stock, 2001, Lorhmann and Harter, 2002), 

A number of the Arabidopsis genes are expressed primarily III the rools, namely. AHK4 

(Ueguchi et al., 2001), AThK1 (Urao el aI., 1999) and ARR5 (O'Agostino et ai., 2000), 

Although other meChanisms of signaling in response to water defic~ have been 
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and 1 ~,I MMLV-RT (Promoga, US_A) Roactions wero inCllbaten at 40'C for one hour, 

The cDNA was ctlecked by electrophoresis on denaturing agarose gels and usee as 

the tomplate for PCR 

All PCR reactions were made up in Illo,'ecular grade water (Sigllla, U.S,A) in 100 pi 

volumes containing 2-31d dNTPs (10 IllMl.l0 ,LII PCR buffer (lOX) ann 0,51d enzYllle. 

DNA, primor ann MgCl, concentrations were varien as follows 

DNA (1 ngl ,lI, 2 ngl,LI or 5 ngl,lI) 

Primers (D,S ,1.lM, 10 pM or 1_5 ,lM eacll) 

MgCI2 (2 mM. 2,5 mM or 3 IllM) 

The following PCR conditions were tested: 

Table 3_1: Parameters tested for degenerate PCR optimization 

PcAym..-a.c Ann .... 1ling T""'l'erature (,C:- DMSO (%) Ad ci tive~ 
------------- · . -" " 48 50 " ~ , ; , 

'" 
" • • • • ->-/-

Pr~. r., • • • • • . , . +1- +!- +/-

Supo.-TMm • • • • • • --1- ~/- .,. 

BSA = Bovine Serum Albumin (Smg.lm ). TX= Trilm X-,OO (0,1 %, 

'lOci DOC = d~'cm,.Ghclale (0,1 %J 

n "0 

•• ->-/-
+!- ., . 

The PCR cycles were: 94"C (2 min), [94'C (30 s), annealing temp (1 min), 72 c C (90 51] 

x 35, 72'C (5 minl_ Controls with no primer, no template or no enZYllle were used 10 

ul of the roactions were eloctrophoresed on agarose gels alongside appropriate 

markers to detormino tho success of the reactions, 
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3.3 Results 

3.3.1 Northern and Southern Analysis using A ThK1 

To investigate whether histidine kinase homologues are present in X humilis and 

whether they are differentially regulated in response to desiccation and rehydration, 

Southern (Southern, 1975) and northern Blots were carried out. The A ThKl insert was 

amplified by peR and used to probe genomic DNA blots. This analysis reveated that 

sequences with a high level of similarity to the full·length AThK1 probe were present in 

the genomic DNA of X h(Jmi/is (Figure 3.2). Single bands were obtained for both the 

BamH1 and EcoR1 digests, but low signal intensity prevented the identification of other 

potential bands 

Figure 3.2 

10 kb­

e <0 

m 

EcoR1 SamH1 

Southern blot snalysis showing the representation of AThkl­

related sequences in genomic DNA of X humilis 

Although bands were detected on the northern blots. the signal intensity was too low 

(even after 2 week exposures) for accurate conclusions about the expression of 

potential homologues to be drawn. This was thought to be a consequence of the low 

levels of expression of the endogenous transcript and the use of a heterologous probe. 

')1 
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3.3.2 Primer design 

Plant-specific histidine kinases and response regulator sequences were obtained from 

the GeneBank database and aligned in order to identify conserved domains. The 

alignments are shown in Figures 3.3 and 3.4. 
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Figure 3 3: Multiple sequence alignments of selected histidine kinases 

'AH K1 -3; Arabidop~is h '>tkif"" k pase: A TH Kl ilr~bdops'~ IhaliIf /Ja 

h istid " e k n " se 1, PEH K Popuilis A 1 H K 1 hom t:>OQ LJe , C KR 1 Cytok;nm 

rocepl::i r 1. 

52 
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Multiple sequerlCe aligfYnetlts of response regulators 

'PARR = Arabidopsis respoose regulators 1-5; PZMRR = Zea mays 

response regulators 1-6_ PDCRR = DiiUCUS carola response regulator 

Primers to the nucleotide sequences of the conseNed regions of both the histidine 

kinases and the response regulators were synthesized_ A number of the plimers were 

excessively degenerate, so extellsive use was rrnde of inoSine bases to reduce this to 

acceptable levels, Poly(G) tracts were also added to the S' el1ds to increase the Tms 

where necessary. The primers exhibited no significant self-complementarity, When the 

primers were used to search the GeneBank database. the first 100 matches for each 

were either the targeted histidine kinases or response regulators Conserved dorrnin 

detection (CDO) facility recognized both the HTPase and response regulator subunit 

domains targeted by the primers The details of the primers designed are summarized 

in Table 3_2_ 

, 
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Table 3.2 Degener2-te primers fo~ two component system (jenes 

LenlPh Tm' Depn" Expected Product 

"" H-loox CCCCA(TC )GA(DAHCT AITIICA:~;IAC ICC 211 

C G2-t>o< CCA(~AINCCIA(gAT)ICCI19CIITAIICCICC 22 .. c . Bo" 1 GGGGCA(C nGTN{CT)TIGCIC~ICA " 
" Box 2 CCGA TGCCNGGIA rGACIGG 211 

C, Bo< L GGGCCNGTCA T:CCIGCCA T " C, Box} CCCCCCA TIT\lAjA TNACIACIGG " 

56 ,~ 

" 00 

" '" G5 , 
" 

, 
"' " 

600-800 0" 

r"/,,3 - - ·-·00 oe 
F2/"3 = - 11)()~" 

F" iR2 ~ 200 - 300 b\; 

'Tm = Iher~ynal11k: melting tel11pffature ("CI. "Degoo = degeneracy estimate. 

3.3.3 Optimization of degenerate RT-PCR and cloning 

A large range of PCR conditions were tested, starting with the use of Tlh DNA 

polymerase according to the protocol used by Urao e[ a/. (1999) in the cloning of 

AThK1. This Illetilod did not yield defined bands, and variation of the types of PCR 

stabilizers (BSA, Triton, deoxycllOl8te). DNA concentrations and primer concentrations 

had no effect on the result. The use of Promega Taq DNA polymerase Witilout tile 

BSA, triton and deoxycholate did result in the detection of two bands in the histidine 

kinase reactions and three bands in the response regulator reactions. but these were 

faint and variable 

SuperTllerm Taq yielded the most clearly defined banding patterns. Both Ilistidine 

kinase and response regulator reactions were optilTl8l with 1 ngl,ul DNA template, 1 pM 

of each primer, 3 mM MgCI2 and 5 % DMSO. No BSA, triton or deoxycholate was 

necessary. The best primer coillbination for the response regulators was found to be 

Fli R3 (refer to Table 3.2) and these were routinely used. Alterations In the annealing 

temperatures resulted in Increased specificity for the 500 bp and 600 bp products in 

the histidine kin<lse PCR reactions, and for the 400 and 450 bp products in tile 

response regulator reactions (Figure 3 5 A-C). Optimal <lnnealing teillperatures were 

found to be 55'C for the histidine kinases (Figure 3.5 C) and 50 'C for t~e response 
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regulators (Figure 3.6 B) The bands obtained at these temperatures were considered 

to be within the accepiable range for the expected products (-700 bp and - 300 bp 

respectively), 

, 

Figure 3,5 

, , 

Effect of annealing temp3rat lJ"es and DMSO on product yield fram RT­

PCR (A) 45 c C, (8) 50c C and (C) 55'C, 1 = histidine kinase primers. no 

DMSO, 2 = histidine kinase primers, 5 % DMSO, 3 = response regulator 

primers, no DMSo. 4 = response regulator primers, 5% DMSO. 

Optimized PCR conditions were used, 

The 500 bp and the 600 bp bands from the histidine kinase PCR at 55'C were cloned 

into the pGEM-T Easy vector, the inserts confirmed by colony peR (Figure 3.6) and 

sequenced, 

Figure 36; Amplification at cloned inserts oy COlony PCR Lanes 1-9 = 

praducts from selected colonies. lane 10 = negative control, M " marker 

(Pstll digested lambda DNA) 

55 
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3_3.4 Sequence analysis 

BLAST results and multip~ sequence alignments revealed the presence of the 

conserved histidine kinase domains in both sequences_ However. both the sequences 

displayed high similarity to bacterial genes With the 500 bp product bei!lg putative~ 

identified as a RstA homologue and the 600 bp product as a PiloR homologue (data 

not shownl OveraA, the products displayed > 80 % sequence identity to the 

corresponding Psvedomonas aeIJ.lginosa and E coli genes It was concluded that both 

products were of bactelial origin Nevertheless the RstA sequence displayed 18 % 

sequence similarity to ATllk1 at the amino acid level and contained the distincU"e H­

box at the 5' end (Figure 3.7) indicating that the primers were specific for histidine 

kinases_ 

A 

B , 
107 

" 1P 

n 
22"1 

H·lxJ, 

., ..... i.-< . ,';i'.,.~b<y R U;"J:'~s.A ..................................... . 
EL ::'R~ IMP. '." I ,,- .; .... ,.:-< ,k!l, T "r~:c I "">:i.I'''.~·r''.''I·Q I n ~"" ·I·.~ I. - .~ 1.- .".'N I -.--'1 -'OK .. :·:., 

VT ?])K·I·..,n r;(" I·I. "<';rc:~y 
r.'>NLI SNS:"7T~T (; : tI 

Figure 3.7: Characterization of the RstA homologue. (A) Conserved domain 

detection. (8) Partial Amino acid ~equence alignment of RstA 

homobgue and AII1K1 

In an attempt to remove the interference of the bacterial cDNAs. leaf and root poly(Al 

RNA was pUrified. converted to cDNA using poly(dTl priming and used in the optimized 

PCR reactions described above. Annealing temperatures were lowered to 45°C This 

5A 
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approach yielded a variety of different bands in the two reactions (Figure 3.8). The 700 

bp and 800 bp products detected in the histidine kinases reactions were closer to the 

expected size of - 700 bp. The 400 bp and 450 bp products were brighter and sharper 

for the response regulators (Figure 38). Due to time constraints for the project, these 

bands were not cloned and sequenced but were excised and stored at 4°C for later 

cloning. 

500 bp 

Figure 3. 8' peR from cDNA prepared by RT from poly(A) RNA Lane! = 

histidir.e kinase primers + DMSO. 2 = response regulator primers 

+ DMSO. M= marker 

3.4 Discussion 

Although incomplete, the data presented above suggest that there are two-component 

system homologues present in X humilis. The Southern blot analysis (Figure 3. 2) 

indicates that there are sequences related to ATHk1 present in the genomic DNA of X 

humilis. As was the case for Urao et ai. (1999) a single band was detected in the 

BamH1 and EcoR1 lanes. suggesting that only one copy of a potential homologue is 

present in the genome. However. it should be borne in mind that these bands may 

merely represent hybridization of the heterologous probe to incompletely digested (ie: 

large) DNA fragments 



Univ
ers

ity
 of

  C
ap

e T
ow

n

are 

as a 



Univ
ers

ity
 of

  C
ap

e T
ow

nsome 

as it aD[)ealrs 

-a 



Univ
ers

ity
 of

  C
ap

e T
ow

n

a 

·• ...... n~,..were 

. ..., ... , ...... ,.. are 



Univ
ers

ity
 of

  C
ap

e T
ow

n
1 

). 

). 



Univ
ers

ity
 of

  C
ap

e T
ow

n

are 

co-regulatea nAr'A!:t on 

l"an'Billn t1ial"lAI'I.t1iAIP'IIt on ........... M 

). 

• ............. are 

.1 

a 
as DOlssillle. 

a 
as: 

p = 

a 



Univ
ers

ity
 of

  C
ap

e T
ow

n

• 

Chapter 4 
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However. it is expected thai libraries containing above 1 x 10G recombinants will 

contain the majority of transcripts (Soares and Bonaldo, 1998) 

To achieve the cloning efficieocies described above the choice of vector is critical 

Although plasmid vectors are significantly eaSier to manipulate, and can be 

electroporated with efficiencies up to 1 X laIC transformanls per ~Lg of DNA (Dower et 

aI., 1988; Soares and Bonaldo, 1998), bacteriophage vectors have two iJll:)ortant 

advantages over the plasmid vectors. Firstly. the number of recombinants generated in 

a typical ligation is about 3-fold higher, and secondly, a higher number of phages can 

be screened, usually with much lower background levels (Soares and Bonaldo, 1998) 

Derived vectors such as Lambda ZAP (Stratagene, U S,A) are particularly popular 

since they combine the advantages of both_ This is due to the fact that Lambda ZAP 

contar"1S a plasmid (pBluescript) component which has an f1 origin of replication, 

allowing for excfSion of a plasmid vector without sub-cloning One addrtKlnal 

advantage of the ZAP system is the inclusion of the LacT gene which allows for colour 

selection recombinants (Soares and Bonakio, 1998: Lambda ZAP Manual, Stratagene, 

2001). The general features of this system are illustrated below (Figure 4, 1). 

Figure4,'-

1 
,,~ 

• 

1 

" CooOl, ." 0 .... 11<"',' 
2, 1o:U.1. PO'~" .I::,'. 

1 [,'"" ,'''- '~">U~I ~;~"j 
_,~iog Ik" .... ' ~A iourt 
(/)",,-<'1<01.,., ,'" r~ P""l" 

I , 

The Lambda-Zap vector (Image from the Uni-Zap Manual Stratagene) 
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4,2,8 Data analysis and management 

All images were digttized uSlllg an HP ScanPro S2DDe scanner and ifl1Jorted into 

Adobe Photoshop~' where they were collated and modified for presentation 

4.3 Results 

4.3.1 RNA and mRNA isolation and evaluation 

: •.. :' ,b 
I .p. ,b 

%RWC 100 90 60 50 30 5 HAW 0 05 3 6 9 12 24 48 

Figure 4,2, RNA isolated at varying water contents from roots of (A) dehydrating 

and (8) rehydrating X. hwnilis plants. 1-2 ,.,g of RNA was loaded per 

lane. The sizes and positions of the 18S and 288 ribosomal subunits 

are indicated, RlNC " relative water content. HAW = hours after 

watering. 

Figure 4 2 indicates that high qualrty RNA was isolated from the roots of X. Iwmilis at 

specified water contents or hours after watering. The yield of RNA per dry mass of root 

tissue ranged from 0,005 % to 0.05 %. making the routine iSolatkm of mg quantities of 

RNA possible RNA pellets were dark brown In colour, iJT'f!lying contaminatIOn by 

phenolic compounds Nevertheless, the 18S and 28S RNA bands were clear and 

intact. The 28S band was approximately double the intensrty of the lower 18S band, 

indicating that degradation of RNA had not occurred during the harvesting and 
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extraction Bands corresponding to chloroplast RNA were not observed. suggesting 

that the root samples were relatively free or leaf contamination The lack of small and 

degraded RNA also implied that debris and bacterial contamination was limted, 

This RNA was used in the isolation of poly(Af RNA In an iniliallest of dT-cellulose 

chromatography and the Promega PolyATract system, it was found that the Promega 

system gave higher yields of poly(Af RNA (data not shown), These Yields ranged from 

between 1 % and 3 % of total RNA (ie: 5-10 flg of poly(A)- RNA) as determined by 

ethidium bromide fluorescence assays This contained little observable ribosomal RNA 

contamination. The average size of the transcripts was -2kb With the maximum and 

minimum sizes being -6kb and -0.2 kb respectively (Figure 4 3) The quality of the 

RNA was confirmed by the successful incorporation of ['i.pJ dATP into cDNA via RT 

(Figure 4.3) Poly(Af RNA from both hydrated and dehydrated root and leaf samples 

was reverse transcribed, although high levels of variation in the success of 

incorporation were observed ~ safTllles from intermediate water contents (data not 

shown), 

A 

3,9 kb 

1.8 kb 

Figure 4,3 

B 
PD D R 

-1,Okb 

(A) Poly(A)' RNA derived from pooled dehydration (lanes 1-2) and 

rehydration samples (lanes 3-5), Approximately 0,5 "g RNA from 

several separate isolations waS Inaded per I~r>e. (?) Alltoradiograms of 

[,'P] dATP labeled eDNA derived from root RNA at different water 

contents, PO = partially dehydrated, D = dehydrated PR = partially 

rehydrated, "n = unincorporated nu::leotides 
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4.3.2 cDNA synthesis and cloning 

In line with the observations about the availability of tile pOly{A) ' RNA for RT, both 

first- and second-strand reactions generated cDNA of the expected size range (Figure 

45) Since these reactions contained pooled 'dehydration' or 'rehydration' samp~s, 

differential conversion of poly(A), RNA from separate time points could not be 

assessed. Nevertheless, the yields of cDNA were within expected ranges, suggesting 

that efficient RT of the bulk of pOiy{Ar RNA occurred The resulting eDNA ranged in 

size from -300 bp to - 3 kb, with the average size being approximately 1-1.5 kb 

(Figure 4.4). 

1.0 kb 

Figure 4.4: 

1.0 kb 

Photographs of (A) first-strand and (8) second-strand synthesis 

reactiOlls. 1-2 ftl 01 DNA was loaded per lane and electrophoresed OIl 

alkaline agarose gels in the presence of ethidilrn bromide. 0 • pooled 

dehydration samples, R = pooled rehydratiOll samples. 

This cDNA was fractionated using the Stratagene Sepharose columns provided with 

ttle ZAP-cDNA synthesis kit and using a standard low-melting point agarose gel 

fractionation method. The total amount of eDNA recovered in six fractions from the 

columns averaged 250-300 ng in four separate fractionation attempts. Because of the 

limited amounts of DNA and the requirement for 100 ng of DNA per ligation, no 
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assessment of the size range of the fractionated DNA could be gained. Moreover, 

fractionation of 3 sets of 'rehydration' cDNA failed due to binding of the cDNA to the 

columns. On the other hand, gel fractionation yielded at least 600 ng of DNA of 500 bp 

and above per fractionation. 

Cloning of the fractionated DNA generated several libraries. In many cases the 

amount of cDNA proved limiting, resulting in libraries of primary titres lower than 500 

000 pfu. Two successful libraries were selected for further manipulation and 

characterization. The details of the fractionation. ligation and primary titres of these are 

represented below (Table 4.1). A clear difference in the efficiency of the ligation and 

packaging of the two libraries is evident The primary influence appeared to be the 

amount of cDNA available per ligation (Table 4.1\. While the number of pfu in the 

primary dehydration library was not ideal, this was the highest obtainable using the 

column-fractionated cDNA. The titre of this primary library is also made more 

acceptable by the fact that the levels of non-recombinant clones were low (Table 4.1:1. 

Both libraries were successfully amplified to titres > 1x 10" pfw'ml Generally, 100-200 

ml of library were stored at -70 Q C for future use. Retitering of the libraries at intervals 

during the course of a year indicated that the amplified libraries were not subject to 

significant loss of titre under these conditions. 

Table4.1: Summary ct key ~bmry data. 

Library fn""lion.ation cD~" Primary li!r. '10 ncn- Ampliri~d titre 

li~.t1Od ipfuj rccombi""n!" ( ..... ",,' 
r----,----------------- --~,---

DtollrdrMion 

Rl ltydrMicn 

GO~mn 

4.3.3 Library evaluation 

w~ 

120 ng 
0.4 x10' 
1.5x10' 

1 x10" 
1 xl0" 

The presence and features of the inserts in the libraries were determined through 

excision, restriction analysis and colony peR Excision of the pBluescript plasmid from 

both libraries resulted in high numbers of colonies, the vast majority of which 
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contained inserts (Figure 4,5; Table 4,2), Colony PCR was found to be easier and 

significantly faster than restriction analysis for the routine screening colonies for 

inserts, The results of the colony PCRs were confirmed by digestion of the plasmid 

DNA from the total libraries and selected clones (Figure 4,5), The two methods 

generated identical information, indicating that the sizes of the inserts in both libraries 

ranged from approximately 0,5-3,0 kb with the average size being approximately 0,9-

1,0 kb, No significant difference between statistics for the inserts from the different 

libraries was observed, suggesting that the two methods of size fractionation were 

equally efficient. These statistics are summarized in table 4 2. 

, 0 kb 

Figure 4,5 

Table 4.2, 

Evaluation of library inserts, Agarose gels of colony peR reactions 

ir'ldicating the presence of inserts in 12 randomly selected clones from 

the (A) dehydration and (S) rehydration libraries 

Average insert sizes and ',nsert size r<lllges for dehydration and 

rehydration libranes 

Libruy 

P..tlyd'~lion 

R. h)draUon 

. ,A,',_,.,.,",_,I,"",I, •• 'C. Sid. dev. 

0,51 

0,25 

Range 

~,5-3,G 

0, 5-3,2 
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The most alarming change in the libraries during excision was the dramatic shift in the 

ratio of blue to white ckmes For both libraries this ratio iocreased several fold from 5 

% and 1 % to approximately 74 % and 69 % of the dehydration and rehydration 

libraries respectively (Figure 4.6) 

A 

B 

Figure 4,6' 

I'nmory 

E~ed 

. Non ,"-ce>mt>in ant 

. Rece>mbinant 

Pie charts indicating the shift in the percentage of blue iYld white clones 

in (A) dehydration and (8) rehydraticn libraries during the exclswn 

procedure. 

Since the representation of genes in down-stream appl k:atlOns could be severely 

compromised by such a shift routiroe screening of the colour selected libraries was 

undertaken. Both light blue and blue colonies contained a significant percentage of 

inserts (80-100%: Figure 4.7 A), indicating that this was not a true increase in the 

number of non-recombinants in the libraries. However. the average size of the inserts 

was observed to be smaller in the light blue and dar\( blue colonies (Figure 4.7 B) 

Because of the correlation between the decrease in insert size and the shift in the 

representation of the cloroes was taken to be due to the failure of the liJcZ colour 
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selection system It was concluded that the nsert representation of both libraries was 

of a sUitable standard and was not significantly affected by the excision process. 

I 
I 

' 00 
e: 
0 " > , 
0 ~ • , 
• 
" ~ 

, 
A 

Figure 4.7 

" 
" 
"" ~ 

"" 
" , 

I 'i t ELl ~- B -- ""- ~-
~ ... --

Graphs indicating (A) the percentage of coklnies containing inserts and 

(6) the average sizes of inserts in c~our selected colonies. 

4.3.4 Il-tubulin screens 

A 

Figure48 

--

• 
B 

• • 

• 

Representative autorad''''graphs ind<;ating the representat",n of 11-

tubulin isoforms in the (A) dehydratkln and (6) rehydrato n libr~ le s 

Approximat~y 30 000 pfu were screened per membrane 
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Table 4,3: Summary of the statistics relating to the percentage of positive 

plaques detected in the r-tubuiin screen, 

Library ~. il-lubulin (tot.l) 'j, ~-tubulin (per TNRT" , .. 
;saform) 

Dehyl:IrMlon "" 1.02 , 0.45 

Ret1ydt101iOn 0.18 0.00 " 0.95 

T-'RT" ~ th"aretic~1 l1umber of r,..-e !ranscripts. P" = probabili!y d: finding the r,..-est transc';pt 

Figure 4,8 and Table 4.3 summarize the results of the library screens. Both libraries 

exhibited an extremely high number of positives. The percentage of positives per p­

tubulin isofon)) was approximately 1.0 % and 006 % for the dehydration and 

rehydration libraries respectively (Figure 4.8: Table 4,3), 

The theoretical ratio (1, 1000) of rare transcripts to common transcripts (such as rJ­

tubulinj in a typical cell was used to determine the potential numbers of any rare 

transcript in the libraries Although the number of pfu in the libraries differed by more 

than 3 fold, this value was observed to be similar for both (Table 4.3) However, when 

this was compared to the probability of a library containing the rarest transcript, there 

was a large discrepancy between the two values, The probability that the rarest 

sequence will be represented in the libraries was calculated to be approximately 45 % 

and 95 % in the dehydration and rehydration libraries, respectively. This was attributed 

to the fact that the theoretical values for the complexity of the transcriptome were 

unavailable, Overall the lubulin representation confirmed the oresence of plant-derived 

inserts and indicated that the rehydration library was the better quality tibrary. 
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leaf Root 

c c 

005055090 50 5 5090 %RWC 

A 

B' • 
c 

Northern blot analysis 01 (A) II-tubu i n II (8) Il-actin and (C) 18S RNA 

expression in the leaves aroj roots di X IwmiNs 10 ,ILg ditotal RNA was 

loaded per lane. Contr~s indicated sensitivity to the pg level • Actin blot 

carried oot once 0Il~ 

Figure 4.9 illustrates the northern blot analysis of Il-tubulin levels in X fwm#is tissues 

at varioos water contents These results indicated that the levels of IHubulin 

expression durir>g dehydration and rehydration were variable. levels of tublin II were 

higher in the roots than in the leaves_ In the roots the expression of tubulin II was high 

in the partially hydrated and rehydrated samples but wttle or no expression was 

observed in the dehydrated samples (Figure 49 A) Multiple bands were detected In 

the leaf RNA_ The uppermost band was represented consistently, but the lower two 

bands appeared to increase Ul intensity during the rehydration period (Figure 4_9 A) 

Whether these bands were due to alternate splicir>g or due to cross-hybridization to 

related Il-tubulin isoforms was not empirically determined The variability in the tubulin 

expression patterns was considered to cast some doubt on the validity of the 

conclusions drawn from the library screening, since it indicates that direct comparisons 
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The various methods are summarized diagrammatically I:lelow. 

• 

[),h,·, 1.,,,01,,,11,,,, 

• 

• 
IX 1.:tli0fl 

• • 

1 

I 
~1OIi_ .. f 

.. ~d(lNA 

r.~<~, 1"",h'<1I"" 

• j 

An ouili"" of the dV<lil<lble methods of normalization. The 

driver DNA is denatllfed and annealed to the trace!" in the 

presence of blocking cHigonocleotides to achieve the required C •. t 

time (adapted from Bonaldo e/ ill .. 189C) 

A population can only be said to be normalized if it is separated from the mass of DNA 

duplexes that cOilstitute the commOil sequences. The most effective method of doing 

so is via hydroxyapatite (HAP) column chromatography. 

5.1.4 HAP column chromatography 

HAP consists of calcium phosphate crystals that bind nucleic acids by virtue of the 

interaction between the phosphate backbone of the nucleic acid and the catcium 

residues in the resin (Britten et 8/ .. 1974: Soares and Bonaldo. 1998). Normalization 

makes use 01 Hie different affinity of HAP for single ana double stranded DNA. At low 

r.onr.enlration of phosphate ions (10-30 mM) HAP binds both single and double 
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onto Hybond-N nitrocellulose membranes (Amersham, U.S,A). The colony 

hybridizations were carried out exactly as outlined by Soares and Bonaldo (1998) 

using tile radio-labeled p-Iubulin as a probe (Chapter 4), The percentage of positives 

was compared to those obtained in the screening of the un-normalized libraries 

Verification of these results using Southern blotting of plasmid DNA from normalized 

and un-normalized libraries was also attempted, 

5.3 Results 

5.3,1 Preparation of tracer and driver DNA 

Preparation of single stranded DNA from the excised libraries was extremely 

problematic. Of all the traditional methods tested, none yielded sufficient amounts of 

DNA. The results were unaffected by the adjustment of MOls, host strains, helper 

phage or culture conditions, A representative result is illustrated in Figure 5.3, 

Dehydration Rehydration 

1.7 kb 

Figure 5,3: Effect of the helper phage multiplicity of infection (MOl) level on the 

recovery of single stranded DNA from the root dehydration and rehydration 

cDNA libraries. Lane numbers 1--4 indicate a MOl of 1 x 10', M" marker (PslII 

digested lambda DNA). 
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This indicated that the bulk of the DNA isolated by these methods was high molecular 

weight double stranded DNA Extensive testing of the factors affecting the production 

of singte stranded DNA ill vivo indicated that the supernatant had to be stored for at 

least a week at -20°C in order to precipitate the phages. This was contrary to the 1 h 

precipitations recommended in all protoc~s. 

Neverthetess, large amounts (- 200 ~lg) of single stranded DNA were isolated using 

the extended precipitation method (Figure 5.4). The single stranded DNA generally 

ran on agarose gels at the same speed as the 1 7 kb marker. but this varied according 

to the exact buffering conditions. This accorded with the theoretical prediction of 

between 0.5 kb and 2,0 kb. The dehydration library DNA was relatively free of 

contamination by single stranded helper phage DNA. but the rehydration library DNA 

contained a large amount of the helper phage DNA (Figure 5.4). The exact nature of 

the two bands was unclear. 

Figure 5.4: 

Dehydration Rehydration 

M 1 2 3 1 2 3 

Single stranded DNA recovered from the aehydration and 

rehydration eDNA tibraries. Lane numbers indicate the amount (in ul) 

(i DNA loaded. M" marker (PsNl digested lambDa DNA). 

Digestion with S1 nuclease confirmed that the library DNA was single stranded and 

that there was little or no double stranded DNA contamination (Figure 5.5). 
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Dehydration Rehydration 

M 1 2 1 2 

1.7 kb 

Figure 55' S1 nuclease digests of the single str~nded dehydration and 

rehydration library DNA, Lanes: 1 = 51 nuclease digested sample 

2. = original sample. M = marker (Pstll diges~ed lambd~ DNA) 

Single stranded DNA was not affected by the Pvu/l digestion used to linearize 

contaminating double stranded DNA prior HAP column chromatography. Although the 

yields of single stranded DNA were low, HAP cotumn chromatography was successful 

(Figure 56) The bulk of the DNA eluted from the column between fractions 2. and 3. 

and appeared to be relatively pure (Figure 5.6) 

Figure 5.6 

M Inout 1 2 3 4 

1 7 kb 

Recovery of purified singte stranded DNA from HAP COlumns. input 

= 10% of original amount of DNA loaded Lane mmbers indicate 

fraction numbers. M = marker (Pstli digested tambda DNA). 
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Recovery of the single stranded DNA from the elution buffer was problematic as the 

butanol extractions resulted in salt concentrations of > 5M in the 500 I" I volume. 

Purification on Sigma spin columns or by gel fractionation followed by DNA recovery 

using Qiagen gel extraction columns was found to yield suitable amounts of DNA and 

to ensure removat of the contaminating helper phage DNA (Figure 5.7) Approximately 

10-20 ,Ltg of tracer was recovered per 1 00 ~lg of Pvull digested DNA. 

Figure 5.7: 

M 1 2 M 1 2 

A B 

1.7 kb 

1.7kb_ 

Representative images of the desalting and ge purification of HAP purified single 

stranded DNA. (A) Sigma spin column desalting of dehydration library DNA (B) gel 

and Oiagen column purification of rehydration library DNA Lanes 1 = DNA before 

pur~icaj'lon. 2 =tracer DNA after purification. M = marker 

peR of the driver using the tracer as a template was extremely efficient (Figure 5.8) 

and yielded in excess of 2 ~!g DNA per 100."1 reaction. A wide size range of inserts 

was generated - typically 0.4 kb to 5 kb with an average of 1 kb- 1 5 kb (Figure 5.81. 
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M 1 2 3 4 5 

1.0 kb 

Driver DNA produced by PCR lrom the dehydration and rehydration 

tracer DNA Lanes: 1 = dehydration driver DNA 2 aoo 3 = 

rehydration driver DNA 4 = negative (no primer) control, 5 = template 

DNA, M = marker 

Quantification of the driver and tracer DNA using the ethidium bromide assay and the 

GeneQuant DNA calculator was found to yield discrepant results The difference 

between the two methods was 30-50 % on average, with the ethidium bromide assay 

yielding the higher values Where available, the GeneQuant data was used. 

5.3.2 Hybridization and purification 

Ten normalized DNA populations were generated using the methods described 

These included 4 dehydration and 4 rehydration libraries with Cot values of 10 or 15 

s/mol.dm3 and one dehydration and one rehydration library of C"t 1 5 and 2 5 

slmol.dm3 respectively. The lower Cot values for the lalter two were a consequence of 

the over-estimation of DNA concentrations by the ethidium bromide plate assay. 

Times required to achieve Cot values 01 10 and 15 lor the DNA concentrations used 

were calculated to be 56 hand 83 h respectively. 

Siflgle stranded DNA recovery from the HAP coiumn after the hybridizations was 

complicated by the fact that the starting amount 01 DNA used in the reactions was only 

80 ng. Nevertheless. Qiagen PCR columns faCilitated the recovery 01 the Single 

stranded DNA. This was confirmed by peR from a selected purified reaction The gel 
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indicated that plasmid DNA containing inserts of the expected size range were 

recovered from the HAP columns (Figure 5.9). 

Figure 5,9 

M 1 2 

1.0 kb 

peR of inserts from normalized single stranded DNA samples 

Lanes: 1 = negative (no primer) control, 2" 10 % of peR reaction uSing R",,, 

library DNA as a template, M = marker (Prornega 100 bp ladder 

The bright band in Figure 5,9 was interpreted to be flanking vector sequence amplified 

preferentially from non-recombinant clones, combined with primer dimers. To test the 

efficiency of the conversion of recovered single strand DNA to douDle stranded 

plasmid, the percentage incorporation of e"Pl-dCTP was monitored. The percentage 

incorporation into double stranded DNA using the Sequenase kit was found to be only 

0.8 %, This was taken to explain the failure of initial attempts to normalize the libraries 

The Single-step PCR reaction was considered to be more reliable than the Sequenase 

method and was routinely and effectively employed. 

5,3.3 Electroporation 

Although the manufacturers instructions specified an electroporation voltage of 2.5 kV 

for the DH 1 DB '" cells. optimization using the pUC19 DNA provided indicated that 5-10 

fold more colonies were obtained with voltages between 1 8 kV and 2.1 kV. A voltage 

of 1.8 kV was therefore employed for subsequent electroporations. 
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Of the 10 normalized DNA populations generated, 8 were electroporated. The purity of 

the library DNA was found to be crucial to the success of the electroporation. Low time 

coostants « 1.0 ms) were obtained for libraries that had not been extracted against 

phenol. chloroform. Only three of the electroporated libraries yielded more than 100 

colonies. The details of these normalized libraries are summarized in table 5.2. 

Because of the adequate number of colonies obtained for the D, ,,, and R1~' libraries, 

the CDt 15 libraries generated at the same bme were not electroporated, but were 

stored at -20C for possible future use. 

Table 5.1: 

library 

R.hyd~tion 

n~h~d!"atlon 

R.h~aration 

5.3.4 Screening 

Sunlillary 01 too m,X"m"liz"cI libr"ri,," g.merated by electroporation into 

DH10B;~ cells 

"'~ '0' Ave. tim . Coloni ... 

slmol.dm' const~nt 

-- _ ..... _ .. 

e, 2.5 O,g rns "00 
C," " 3.~ ms , OOC 

R,Oc " 2.0 ms 6000 

Due to time coostraints only R2 was completely scre€f1ed. This library consisted of 

approximately 90 % recombinant clones With inserts ranging from 0.4 kb to 3 kb. The 

average insert size determined from the cOIOllY PGR was approximately 1.0 kb (Figure 

510) This indicated that no Significant selection against the larger inserts had taken 

place during the normalization procedure. However, analYSIS of the O' OC library 

indicated that a reductioo in the average insert size of the order of approximately 0.2-

0.3 kb had occurred (results not shown). Whether this was due to the extended G"t 

time or due to preferential incorporation of smaller plasmids during electroporation 

was not determined. 
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Figure 5.10' Amplification of cloned inserts by colony PCR. Lanes 1- 11 

represent inserts from selected colonies. Marker and controls 

not shown. 

Colony hybridization with i:Hubulin revealed that the R2 library had not ufldergofle 

significaflt normaliz.ation as tubulifl made up approximately 1.5 % of the library (Figure 

5.11). Preliminary aflalysis of the Dwe library indicated a possible maximum 3-fold 

reduction in tubulin levels (data not shown) However, the background levels of 

hybridization were high, making it difficutt to distinguish between true and false 

positive sigflals. Attempts to verify the results using the Southern blot procedure 

employed by Bonaldo et al. (1996) were not successful. 

" • 
• 

" 
" " • 

• 
• • • 

• 
• • • • • • • 

" " . " • •• • • • • • • 
" - " 

FigureS.11: Autoradiagraph of a clonese! (-600 clones) of the R, library 

probed With ~-tubulln I-III by colony hybridization. 
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