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ABSTRACT 

The fun gal pathogen Dothistroma septosporum is the main causal agent of Dothistroma 

(red-band) need le blight, which is a devastating foliar di sease of a wide range of pine 

species. Dothis tromin is a difuranoanthraquinone tox in produced by D. septosporum and 

is considered as a possible viru lence factor for the disease. Based on the s imilarity o f 

chemical structure between dothistromin and aflatox in (AF) /s terigmatocystin (ST) 

precursors, nine putative dothistromin biosynthetic genes have been identified , which are 

homologous to their corresponding genes in the AF/ST gene clusters. However, in 

contrast to all 25 AF biosynthetic genes ti ghtly clustered in o ne region (70-Kb) of the 

genome, the dothistromin gene c lusters are located on a I .3-Mb chromosome and 

separated into three mini -clusters along with non-dothistromin gene . . 

The dotC gene , located in the mini-cluster 1, is pred icted to encode a major fac ilitator 

superfamily (MFS) membrane transporter invo lved in secretion of do this tromin. In this 

work, by constructing DotC-eGFP fusion protein containing mutants, the subce llular 

localization of the DotC protein was dete rmined to be mainly ta rgeted to the plasma 

membrane. The bio logical function of the dotC gene was characterized by targeted gene 

disruption . The dotC gene disrupted mutants showed a significant reductio n of 

dothistromin productio n in both the medium and mycelium. In add ition, the exponential 

growth of dotC null mutants was inhibited when exogenous dothistromin was presented 

and th ese mutants a lso displayed more sensitivity than the wild type strain to exogenous 

do this tromin . The results indicated th at the DotC protei n is a membrane assoc iated 

protein and might have a role in dothistromin production and be in vo lved in secretion of 

exogenously supplied dothis tromin toxin . 

Two novel dothistromin biosynthetic genes, norAIB and verB (partia l sequence), were 

identified by us ing degenerate PCR and D. septosporum genomic library screening. The 

putative NorA/B and YerB are postu lated to encode a dehydrogenase and a desaturase, 

respec tively and are similar to AF/ST genes. These findings further confirmed that the 

dothis tromin shares biosynthetic pathway steps with AF/ST. 
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CHAPTER ONE: INTRODUCTION 

1.1 DOTHISTROMA NEEDLE BLIGHT AND DOTHISTROMA 

SEPTOSPORUM 

Dothistroma (red-band) needle blight is a devastating fo liar disease of a wide range of 

pine species . The fungal pathogen Dothistroma septosporum (Barnes et al., 2004), 

which infects and kills pine needles, is the main causal agent of this noto rious disease. 

Premature defoliatio n caused by this fungus has resulted in complete failure of some 

ponderosa pine plantings in the U.S.A and the Pinus radiata pine plantat ions of several 

countries such as New Zealand, Chile and Australia have also suffered severe economic 

losses (Gibson, 1972). The a im o f this section is to give a brief overview of the 

patholog ical and ep idemiological features of this disease. 

1.1.1 Dothistroma needle blight: the red band blight 

Dothistroma needle blight has its predo mjnant symptom in distinct brick-red bands 

( l-3mm wide) around the needles that can be observed within weeks of infection and 

can somet imes still be seen after the needles have died, earning its common name: red 

band needle blight (Fig. 1.1 ). The red color is due to production of the mycotoxin 

dothistromin by the fungus (Shain and Franich, 198 1). After the fungus infects via the 

stomata, initial symptoms appear as water-soaked lesions on the needles. Black fruiting 

bodies develop at these infection sites, which then are surrounded by a red band in later 

stages of the disease. Adjacent to those red bands are areas of yellow necrotic tissue and 

sometimes a dark green tissue that contains highly lignified cells flanking the yellow 

region (Franich et al. , 1986). The end of the needle beyond the band dies and eventually 

the whole needle may develop extensive necrosis (browning) and drop prematurely 



(Edwards and Walker, 1978). Severe levels of disease can lead to tree death. 

Figure 1.1: Infected pine needles. 

A 

A. Infected needles with red bands. 

8 . Some infected needles de ve lop extensive necrosis in 

a pine tree. 

B 

Dothistroma needle blight is an economically significant disease in many species of 

Pinus, particularly in Pinus radiata D.Don, which has a crucial ro le in plant resources, 

such as wood. The most serious impacts of the disease upon economic losses are 

reduction of wood yield since defo liation of needles normally retards growth of those 

pines rather than mortality (Gibson, 1972). The severity o f the di ease appears to be 

related to a favorab le c limate in the southern hemisphere where the pest and host trees 

are exotics. Therefore, countries such as New Zealand, Australia, Chile and Kenya, 

where commercial pine plantations are predominantly monocultures of susceptible hosts, 

have suffered huge econo mic losses (Gibson, 1972; Ivory, 1967; Vanderpas, 1981). For 

instance, Pinus radiata makes up approximate 90% of the 1.8 millio n hectares of 

managed tree plantations in New Zealand and the forest industry contributed to 11.2% 

of New Zealand's total export earnings in 2005 (www.maf.govt.nz/statistics). 

Dothistroma needle blight has been recorded in most parts of the north island of New 

Zealand and some parts of south island (Otago, Nelson) as well (Bulman. et al., 2004). 

Thus, the disease indeed has been a serious threat and had significant impacts to forest 

industry of New Zealand although the exact economic losses are hard to estimate. In the 
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northern he misphere where the host trees are native, a few outbreaks of needle blight 

have been reported in the USA since the 1960s and sporadic outbreaks reported in 

Europe. However, Woods et al. (2003) reported the disease had increased in the 

northern he misphere recently. They found the disease symptoms in 93% of 700 stands 

of young (less than 20 years) lodgepole pines (Pinus contorta var. latifolia) covering 

2 1,000 hectares in no rthwest British Columbia, Canada. Mortality was seen in 6.2% of 

the surveyed area and even in over 50-year-o ld lodgepole pine trees. They suggested 

that a local increase in summer precipitation appeared to be responsible fo r the outbreak 

of this severe disease (Woods et al. , 2005). 

1.l.2 Dothistroma septosporum: the causal agent of blight 

The taxono my of the causal agent of blight has had a confused history. In 1941 , Hulbary 

described the red band fungus in the US A and named it as Dothistroma pini Hulbary 

(Bradshaw, 2004; Gibson, 1972). This was the most common name used to describe thi s 

fungus in earl y studies. Recently, Barnes and co-workers analyzed a total of 32 iso lates 

of Dothistroma pathogens fro m various locations in 13 countries represent ing a g loba l 

distribution. They compared DNA seque nces for fo ur differe nt regions of the geno me in 

those iso lates and they concluded that red band blight of Pinus is caused by two distinct 

spec ies: D. septosporum and D. pini. The fo rmer fungus has a worldw ide distribut ion 

and is the causal agent of the blight that has damaged pla ntations of Pi nus radiata in the 

southern hemisphere, while the other, D. pini, is restricted to the No rth-Central US A. 

Therefore, the name D. pini used in the early research is actually now D. septosporum in 

most cases (Barnes et al., 2004). 

1.1.3 The infection process 

Asexual conidiospores fro m the black fruiting bodies are the most important spore form 

fo r dispersal of the fungus and account fo r the moveme nt of the pathogen over short 

distances. Spores land on needles of susceptible hosts and then penetrate through the 
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stomata! pores (Gilmour, 1981; Karadzic, 1989). After penetration, the hypha is 

confined almost exclusively to the mesophyll and spread only a few millimeters from 

the site of penetration. The host cells collapse after 32-114 days and needle symptoms 

and stromata (fruiting bodies) appear (Ivory, 1972; Peterson, 1973). 

Environmental conditions affect the incidence of the disease. Water appears to be 

essential for the dispersal of conidia. This is confirmed by some previous studies, which 

indicated the maximum conidial dispersal took place under light rain or heavy mist 

conditions (Dubin and Walper, 1967; Peterson, 1973). Light is thought to be another 

factor to influence the infection. Low light intensity dramatically reduced the 

development of symptoms of the disease although the germination of conidia and early 

growth was not affected (Gadgil and Holden, 1976). Temperature is less important than 

humidity and light, as the disease can be developed between 5°C and 26 °C. Gadgil 

(1984) determined the optimal conditions for infections as 20°C / day and 12 °C / night 

at continuous leaf wetness and a minimum light intensity of l 33W/ m2
. 

1.1.4 Current methods of disease control 

Aerial spraymg of copper-based fungicides and breeding resistant trees are the two 

current main methods to control this disease. Since the 1970s, two fungicides, copper 

oxychloride and cuprous oxide have been widely accepted with their effective 

biological function of inhibiting germination of spores at relatively low cost (Gibson, 

1974). Whyte ( 1976) has examined the benefits of spraying those chemical agents; his 

results showed that the final wood yield of infected 13-year-old P radiata was 30-40 m3 

/ hectare more from a sprayed area than from an untreated area. The other way to 

control the disease is breeding D. septosporum resistant strains of P radiata. Some 

species have been found with natural resistance to D. septosporum such as P sylvestris 

(Gibson, 1974). In addition, the resistance to D. septosporum is variable even within the 

same species (Peterson, 1984). Resistant strains may reduce mean strand infection by 

15% and lower cost by 56% compared with chemical sprays (Carson, 1989). These 
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strains can be used in areas with high infection risks. However, it is reported that the 

resistant strains have a re lative ly lower wood yie ld in low infect io n risk areas (Dick, 

1989). 

1.2 DOTHISTROMIN TOXIN 

Dothistromin is a difuranoanthraquinone toxin produced by D. septosporum (previously 

called D. pini) as well as by several Cercospora spec ies inc luding the peanut pathogen 

C. arachidicola (Bassett et al. , 1970; Stoessl and Stothers, 1985). This tox in is 

considered a fungal secondary metabo lite and thought to be a possib le virulence factor 

for the disease. Several doth istromin biosynthetic genes have been characterized based 

o n its dramatic structural similarity to the potent carc inogen afl atoxin 's precursors and 

further studies on this toxin w ill be carried on in this project. 

1.2.1 General features of dothistromin 

Dothistrornin is a polyketide, which was first extracted from D. septosporum and was 

subsequently i e lated from several Cercospora species and Mycosphaerella laricina. 

This toxin, distinctively red in co lor, was iso lated from lesio ns of infected pine needles 

and from cultures (Bassett et al., 1970). Shain and Franic h (198 1) injected purified 

dothistrornin into pme needles and reproduced the symptoms of disease. This 

experime nt suggested a crit ical role for dothistro rnin as a pathogenicity factor in 

Dothistroma needle blig ht. Host defences to invading pathogens usually contribute to 

the symptoms of disease. This also can be seen in Dothistroma needle blight. Previous 

research indicated that dothistrornin is broken down in the needle tissue to oxalic acid 

and CO2, with only 10-20% of the toxin remaining after 24 hours. However, the 

necrotic lesion still continues to expand although most of the dothistromin has been 

degraded . This suggests that damage of the needle is due to the plant's defense response 

rather than direct toxicity of dothistromin (Franich et al., 1986). Furthermore, in P 
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radiata, the defense response to D. septosporum has been observed even in the absence 

of dothistromin (Hotter, 1997). A recent study found that a dothistromin-deficient 

mutant geminated on the pine needle surface and fruiting bodies were observed on a 

necrotic needle which had been inoculated with the dothistromin deficient mutant 

(Barron, 2006). In view of those findings, the dothistromin seems like a possible 

virulence factor rather than a pathogenicity factor. 

Light and oxygen are required for dothistromin biosynthesis. Previous studies showed 

that dothistromin probably reacts with oxygen molecules and generates reactive oxygen 

species (ROS). Youngman and Elstner (1984) have illustrated that dothistromin 

produces ROS superoxide and hydrogen peroxide and can cause lipid peroxidation and 

breakdown of photosynthetic pigments. Another possibility of the mode of action of 

dothistromin is that it specifically interacts with cellular components that function only 

in the light (Debnam et al., 1994). However, since the dothistrornin is rapidly degraded 

in the presence of light, the role of light in the dothistromin toxicity is far more 

confused. 

The toxicity of dothistrornin to humans has been investigated. Evidence has shown that 

dothistrornin has significant mutagenic activity in an Ames assay but mutagenic activity 

is weak (Elliott et al., 1989; Ferguson et al. , 1986). Interestingly, Skinnider et al. ( 1989) 

found that dothistrornin induces a dose-dependent increase in sister-chromatid exchange 

frequency in Chinese hamster ovary cells and human lymphocytes. To forestry workers, 

wearing protective clothing is recommended when working in infected areas, 

particularly in wet weather. 

1.2.2 Biochemical aspects of dothistromin 

Using spectroscopic and crystallographic methods, the structure of dothistrornin has 

been illuminated (Bear et al., 1972; Gallaghe and Hodges, 1972). As shown in Fig. 1.2, 

the chemical structure of dothistromin is remarkably similar to versicolorin A and B, 
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aflatoxin (AF) precursors, produced by Aspergillus parasiticus. In a further study of the 

biosynthesis of dothistromin, C 13 nuclear magnetic resonance (NMR) illustrated that the 

labeling pattern in the bistetrahydrofurano side chain is identical to that found in 

aflatoxin and sterigmatocystin (ST, a precursor of AF, the carcinogenic mycotoxin 

produced by A. nidulans (Shaw et al., 1978). Moreover, several precursors of AF were 

detected in the culture filtrates of dothistromin-producing species (Danks and Hodges, 

1974). Combining this evidence, it was proposed that dothistromin shares biosynthetic 

pathway steps with AF/ST. 

Figure 1.2: Chemical structures of aflatoxin B 1, versicolorin A, versicolorin B, and 

dothistromin. 

0 0 

HO 0 0 R 0 0 

OH 0 OH OH 0 OH versicolorin B 
versicolorin A 

0 0 
0 0 OH 

atl atox in Bl OH 0 OH OH 
dothi stromin 

1.2.3 Dothistromin biosynthetic gene clusters 

1.2.3.1 Fungal gene clusters of AF/ST 

Fungal toxin biosynthesis genes are generally clustered together and key regulatory 

genes are often involved in the cluster (Yu et al., 2004a; Yu and Keller, 2005; Yu et al., 

2004b). Research has been carried out on gene clusters for AF and ST biosynthesis in 
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Aspergillus species because of their serious impact upon food contamination. In 1979, 

Bennett isolated two mutants aflM (ver-1) and aflD (nor- I) of A. parasiticus that were 

blocked in aflatoxin biosynthesis and accumulated the brightly colored compounds 

versicolorin and norsolorinic acid, providing a detectable phenotype for identification 

screening (Bennett, 1979). Genetic analysis showed that genetic linkage did exist 

between the aflM ( ver-1) and aflD (nor- I) genes with the regulatory gene aflR in cos mid 

clones and provided the first clue to identify the aflatoxin pathway gene cluster (Skory 

et al., 1993; Trail et al., 1995). The latest finding shows that 25 aflatoxin pathway genes 

are clustered in an 70-Kb A. parasiticus region of genomic DNA along with four sugar 

utilization genes (Yu et al., 2004b ). While, in the ST gene cluster, most ST genes are 

orthologues of AF genes, they are arranged in a different order (Fig. 1.3; Keller and 

Hohn, 1997). 

1.2.3 .2 Dothistromin gene clusters 

Based on the similarity of the biosynthesis pathway between dothistromin and aflatoxin, 

aflatoxin genes were used as hybridization probes to identify dothistromin genes from a 

D. septosporum genomic library. For example, clone 11.CGV I (mini-cluster 1, Fig. 1.3) 

selected from D. septosporum genomic library showed a strong hybridization to the 

probe ajlM (ver-1). The 11.CGV 1 clone contains 13.3 Kb of D . septosporum genomic 

DNA, with five predicted genes: dotA, dotB, dotC, dotD and ddhA (Bradshaw et al., 

2002). 
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Figure 1.3: Synteny comparison of gene clusters. 
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In addition, using aflC (pksA) gene from A. parasiticus as a hybridization probe, the A 

KSA clone (mini-cluster 3) was isolated from a D. septosporum genomic library. Five 

other genes were identified in this clone: pksA, cypA , avfA, epoA and moxA (Bradshaw 

et al., 2006). Moreover, using degenerate PCR (primers designed by alignment of Vbs 

polypeptide sequences from Aspergillus species), the vbsA gene was identified on a 

14-Kb contig (mini-cluster 2) along with a partial fragment of the hexA gene at one end 

(Zhang et al., 2007). 

The arrangement of all identified dothistrornin bio synthetic genes and adjacent 

non-dothistromin genes is shown in Fig. 1.3 and their putative functions are listed in 

Table 1.1. Comparing the dothistromin genes with AF/ST gene clusters, the 

dothistromin genes are located on a 1.3-Mb chromosome and separated into three 

mini-clusters instead of being tightly clustered in one region (70-Kb) of the AF/ST 

genes (Zhang et al., 2007). These results suggest that the regulation of dothistromin 

biosynthesis could be different to AF/ST. Except the epoA gene, all the other 

dothistromin genes have orthologs in AF/ST gene clusters. 

Of the dothistromin biosynthetic genes mentioned above, the dotA (encoding a 

ketoreductase), pksA (encoding a polyketide synthase) and vbsA (encoding a 

versicolorin B synthase) genes were mutated by targeted gene replacement. The results 

illustrated that all the three genes were critical for the toxin biosynthesis (Bradshaw et 

al., 2002; Bradshaw et al., 2006; Zhang et al., 2007). However, mutation of the unique 

epoA gene (encoding an epoxide hydrolase) of dothistrornin genes did not show any 

effect on the toxin synthesis (Jin, 2005). 

In the mini-cluster 1, the dotC gene is predicted to encode a maJor facilitator 

superfamily (MFS) transporter (Bradshaw et al., 2002) to secrete the toxin. From the 

putative function, the dotC gene is actually not a dothistromin biosynthetic gene and its 

biological function will be characterized in this research. 
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Tablet.I Characterization of genes identified in the three dothistromin gene mini-clusters. 

S ize 1 
A. pamsirirn., AF c luslCr A. 11itl11/w1., ST cluster 

Highest BLAST G c n bank Ind ic at ive 
Ge ne Putative func tion (do ma111 J2 Specie, Prob able 'H aa Proh a hlc % aa 

(aa) match
1 

accession no. E-valuc 

ho mo log" ide ntity ho mo log" ide ntity 

DS I 27 1 unknown LIG AAC'SOl00017l ('op rt ,ilJ/J\I\ ( fllt'ft'CI 9c-08 

D52 646 chitin synthase l 'G AF017146 C, \/Hm mt t1 \ 11t:1iformam Sc-10 

D53' 157 unknown l'G XM_OO 122710 I Clu,rtommm xlnhm11111 1.6 

D54 (ddM ' ) 469 UDP-N-acct yl-D-man nos.1.m in uronatc dchydrogcnasc llG AP007 16 1 A on:::ar le 110 

dotA 263 keloreducta se \ttU EAA6 1594 A ,iu.Julcm.\ 2c- l 12 aflM (M91 369) 80.2 .,uU(L27825) 79. 1 

dotB 414 oxidasc llG XM_743185 A. f11m1,:atm Sc-59 .,1,C t ll34740) 24 .0 

dotC 602 toxin pump LIG XM_74%69 A /tmllJ.!atm 8e- l -ll aflTi AF26807 I ) J I .2 

dotD 322 thioesterasc ,,J..d > XM_00 12612J4 N~"'"' rorm fi 1t lwn -lc-67 ajlCILl2766i 34 .8 .11, A (ll34 7401 37.9 

0 s9• 7 1 cytoskeleton assembly protein SU.2 AJ884600 Xmulm r,a 1mrie111w 8c- 16 

/,exA' 321 fony acid synthase hnA AY5 10-l54 A IIOUIIIH le-20 a/IA (AF391094 ) 48.8 ,1.J IAN78 12) 4 13 

DS I I 304 unknown l'G AP007174 A on :af' Je-33 

DS l 2 262 unknown (DUF1772) LIG AP007 159 A 11n :.at' lc-30 

vbsA 643 versicolorin 8 syn1hase di\ AY5 10-154 J\ 111/IIIIU.\ 0.0 a/lK (AFl 690 16i 72.0 .11cN (AN78 12) 69.1 

DS l 4 702 po1assium channel toka AJ5 10245 N crm,a 2c- l 16 

DS I S" 228 unknown l 'G XM_00 12 17110 A tt'rn•u, 9c-26 

DS l 6 482 unknown AmA R AIJ24053 1 A on:a,, 9e-46 

D5 17 274 unknown l 1G XM_387929 (ii hht'rt'lla : f'af' le-20 

DS l8 498 unknown (PCI) l'G AP007 167 A an-;:af' 4e- l 76 

DS l 9 356 unknown (SURF! ) l 'G XM_959428 N ,rmw 2e-98 

pks,\ 2399 polykc1ide synthase 11k,1\ AY5 10452 A jlal'ln 00 ajlC I AAS66001) 54.8 11<A (EAA6 16 13l 57.0 

cypA 5 11 averufin monooxygcnasc ,tclJ XM_67600 1 A mdulam 0.0 ajlV (A;\ S66022) 59 . .l ,r, ll( EAA6 16 12) 59.8 
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S ize ' 
Gene Put ati ve func tion (do mai nJ2 

(aa) 

Hi ghest B LAST Ge nba nk 

match' accessio n no. 

av/A 30 1 oxid ase a/11 AY37 l490 

epoA 420 epoxide hydrolase EPN2 DQ44 3738 

moxA 626 hydroxyversicolorone monooxygenase mox }' AY5 l0454 

DS25 575 amino acid pcrmease A>:tJ2 XM_00 1267393 

DS26 345 unknown (Yqcl_ YcgG) UG XM_39 l678 

DS27 196 unknown UG XM_39 l679 

OS28 523 MFS multidrug transpo11er UG XM_39 l680 

OS29 300 unknown UG XM_741 940 

OS30 348 un known (NmrA) UG XM_387985 

OS3 1 23 1 translation elongation factor .1·tcT XM_675984 

OS32 529 melhionine permease UG XM_00 l267 tt 8 

DS33 458 unknown UG XM_677390 

OS346 889 unknown (DUF I 785. Piwi. PAZ) UG AACS0 I 0002 13 

1 
The size of the pepti de was predicted from the put ati ve genes. 

S pecies 

A. 1mrl1sirin1.1· 

A. 11iMt' r 

A. 1wmius 

N,,o .rnrrorya ji.w:hai 

G ::t' (W 

G. -:' t' (ll' 

G. : (' {/(' 

A. fi1111iM(lfW' 

G. : ,,,w 

A. 11id11/m1s 

Nt'o .rnrrorya fi sclwri 

A. 11id11/m1s 

Co11ri11,111Ji.1· cinerm 

Indi c at ive 

E-value 

3e-73 

4e-93 

0.0 

9e- l 39 

le-97 

5c-84 

le- 169 

0.75 

2e-30 

le-47 

0.0 

7e-75 

2e-88 

A. parasiticus AF cl uster 

Probable 

hom olog
4 

% aa 

ide nt ity 

11j7/ (AAS660 I0) 47.8 

11/7W(AAS66023) 55. 1 

A. 11idula11s ST c luster 

P robabl e 

ho molog
4 

% aa 

ide ntit y 

srcO(EAA6 1613) 43.7 

.mW(EAA6 1592) 59.0 

srcT (ENU34740) 4 1.1 

2 Put at ive func ti o n was based o n BLAST searc h at NCB I (restri cted to funga l data) a nd the put at ive domain s were fro m the Pfam da ta base. The putat ive do main s o r P fa m fa mil y IDs are in brac kets. 

3 
Best matc h fro m BLAST searc h at NC BI (restri cted to fungal d ata) (UG: unna med gene). 

4 
Genbank acession numbe rs are in brac kets. 

5 Pseudoge nes with stop codons within open reading frames. 

6 
Partia l genes. 

This table was prepared by S. Zhang (Zhang er al. , 2007). 
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1.3 MEMBRANE TRANSPORTERS IN FILAMENTOUS FUNGI 

In nature, filamentous fungi are constantly exposed to a wide variety of toxic 

compounds originating from various sources. Survival of microorganisms in natural 

environments is favoured by the capacity to produce compounds toxic to competing 

organisms and the ability to resist the effects of such toxic compounds (De l Sorbo et al. , 

2000; Stergiopoulos et al. , 2002). The accumulation of toxicants in ce lls is affected by 

two integral membrane protein fami lies: the ATP-binding cassette (ABC) and the major 

faci litator superfamily (MFS) of transporters. In fungi, the e transporters provide 

protection against toxic compounds present in the ir natural habitat or prevent the 

cytoplas mic accumulation o f toxic secondary metabo lites produced by the fungus itse lf 

(Nelissen et al. , 1997; Pao et al. , 1998). In addition, in plant pathogenic fungi these 

transporters may act as virule nce or pathogenicity factors if they mediate secretio n of 

virulence factors o r antagonize plant defense compounds during pathogenesis (deWaard, 

1997). Furthermo re, ABC and MFS transporters also provide protection against 

synthetic compounds, such as fungic ides (deWaard, 1997; Reimann and Deising, 2005). 

1.3.1 ABC transporters 

ABC transporters are one of the largest protein fami lie known to date, operating in a 

wide range of organisms from bacteria to man (Higg ins and Linton, 2001 ). They are 

located in the outer plasma membrane or in membranes of intracellu lar compartments, 

such as endoplas mic reticulum, peroxisomes, and mitochondria. ABC transpo rters can 

bind and hydrolyze nucleo tide triphosphates (mainly ATP) to generate energy for 

transporting solutes across cell membranes. This can occur even against an 

e lectrochemical gradient and thus the ABC transporters are regarded as primary active 

transporter systems (Azzaria et al., 1989). ABC fami ly permeases are in general 

multicomponent transporters, capable of transporting both small molecules and 

macromolecules in response to ATP hydrolysis (Bauer et al. , 1999; Del Sorbo et al., 
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2000). 

ABC transporters of fungi typically contain two intracytoplasmic regions, which both 

harbor a nucleotide-binding fold (NBF) for binding and hydrolysis of ATP and two 

prevalently hydrophobic regions, each containing six transmembrane domai ns (TMDs, 

Fig. I .4A). These transporters are encoded by a s ingle gene. The NBFs of ABC 

transpo rters are distinguished by the conserved Walker A and Walker B motifs (Ames 

et al. , 1989; Walker et al., 1982). 

ABC transporters from filamentous fungi are capable of providing protection against 

natural toxic compounds and fungicides. For instance, several ABC transporter genes 

from A. nidulans, such as atrA, atrB, atrC and atrD, have been de fined. Expression of 

these genes is up-regulated by a range of natural and synthetic toxic compounds. 

Functional analysis by gene replacement of atrB in A. nidulans demonstrated that atrB 

is invo lved in protection against compounds from all major c lasses of fu ngicides and 

natural toxic compounds (Del Sorbo et al., 1997). ln addition, Gardiner and coworkers 

reported that the ABC transporter gene in the sirodesmin biosynthetic gene cluster of 

Leptophaeria maculans is not essential for s irodesmin production but facilitates 

se lf-protection (Gardiner er al., 2005). 

1.3.2 MFS transporters 

MFS transporters comprise one of the largest protein families and exist from bacteria to 

higher eukaryotes. The MFS transpo1ters are single-polypeptide secondary carriers 

capable only of transporting small solutes in response to chemiosmotic ion gradients 

(Pao et al., 1998). 

A typical MFS is composed of 400-800 amino acids residues and has a molecular mass 

of 45-90 KDa. It consists of 12-14 TMDs arranged into two homologous halves, joined 

together by a large cytoplasmic loop between TMDs 6 and 7. An additional two TMDs 
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emerge at the C-terminal domain linked by a cytoplasmic loop between TMDs 12 and 

13 if the transporter is composed of 14 TMDs (Pao et al., 1998). Unlike ABC 

transporters, MFS proteins do not have characteristic signature. Mutational analysis 

with respect to function of MFS proteins suggests that the N-terminal domain is 

primarily involved in proton translocation while the C-terminal domain participates in 

substrate binding and recognition (Griffith et al., 1992). 

MFS transporters are involved in secretion of host-specific toxins, which was firstly 

repo11ed by Pitkin et al. ( 1996). In the maize pathogen Cochliobolus carbonum, the 

toxA gene encodes a MFS transporter, which has 10-13 predicted TMDs and secretes 

the host-specific cyclic tetrapeptide HC-toxin. Two copies of toxA gene flank the gene 

cluster required for synthesis of the HC toxin. Mutants with a single-disrupted copy of 

toxA still produce the HC-toxin and are virulent on maize. All attempts to obtain 

knockout mutants for both copies of toxA were unsuccessful. This finding suggests that 

the protein encoded by toxA is involved in se lf-protection against the HC-toxin and is 

essential for survival and virulence on host plants of HC-toxin producing strains. In 

addition, in the fungal genus Cercospora , cfp (cercosporin facilitator protein) encodes 

another putative MFS transporter. Over-expression of cfp in C. kikuchii up-regulates 

production and secretion of cercosporin. Gene disruption of cfp results in dramatically 

reduced cercosporin production and virulence, and increases sensitivity to the toxin. 

Transfer of the cfp gene to a cercosporin-sensitive fungus increases its resistance to the 

toxin (Upchurch et al., 2002). 

Furthermore, most of the genes involved in trichothecene biosynthesis by Fusarium spp. 

are assembled in a gene cluster. In F. sporotrichioides, Tril2, an MFS gene encoding a 

transporter with 14 TMDs, is located in this cluster. Mutants of S. cerevisiae 

transformed with Tril2 showed decreasing sensitivity to trichothecene. Strains of F. 

sporotrichioides with disrupted Trill produced less trichothecene and were more 

sensitive to this compound. Therefore, these results indicate that Trill acts as a 

trichothecene transporter and has a role in self-protection of F. sporotrichioides against 
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trichothecenes (Alexander et al. , 1999). In contrast with Tril2 , the MFS gene afIT , 

which is located in aflatoxin biosynthetic gene cluster , does not have a significant role 

in aflatoxin secretion (Chang et al. , 2004). 

MFS transporters also have other functions. Bcmfs 1 is another MFS gene from Botrytis 

cinerea and encodes a protein with 14 predicted TMDs. The Bcmf s 1 disrupted mutants 

have an increased sensitivity to the plant defence compound camptothecin and the toxin 

cercosporin. Over express ion mutants of Bcmfs 1 display an increased tolerance to these 

toxins and to structurall y unrelated fungicides, such as sterol demethylation inhibitors 

(DMis) as well. These findings demonstrate that Bcmfs 1 is a multidrug transporter 

(Hayashi et al. , 2002). 

1.3.3 DotC, a putative MFS transporter 

The dotC ORF lies 0. 72kb fro m dotB in dothistro min biosynthetic cluster and is 

predicted to encode a hydrophobic 585-amino ac id-protein. The analys is of the DotC 

amino acid sequence shows 25% identity to tho e of several other fungal MFS 

transporters, such as the toxA gene in C. carbonum and the aflT gene in A. parasiticus 

(Bradshaw et al. , 2002) The study of the structure of the DotC protein reveals it has 14 

predicted TMDs, which is a typical feature of MFS transporters (Del Sorbo et al. , 2000). 

Therefore, the dotC gene is suspected to encode a MFS transporter. The significance of 

studying dotC is that the gene may be the prime target for future disease control since 

some MFS proteins have self-protection function that allows the producer organism to 

resist its own toxin and even unrelated fungicides. 
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Figure 1.4: Schematic representation of ABC and MFS transporters. 
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A: ABC transporter with the [NBF-TMD6J 2 and [TMD6-NBF] 2 topology. 

B: MFS Lransporters wi1h 12 and 14 TMDs. 

The TM Ds are indicated in boxes and are numbered (Stergi opoulos et al .. 2002). 

1.4 GREEN FLUORESCENT PROTEIN 

(\ 
COOR 

The green fluorescent protein (GFP), isolated from jellyfish Aequorea victoria, was 

cloned and sequenced in 1992 (Prasher et al., 1992) and firstly used as a reporter gene 

in 1994 (Chalfie et al. , 1994). Purified GFP, a protein of 238 amino ac ids, absorbs blue 

light (maximally at 395 nm with a minor peak at 475 nm) and emits green light (peak 

emission at 509 nm). The fluorescence of GFP only requires UV or blue light and 

oxygen, unlike other reporters (such as luciferase and ~-glucuronidase) that rely on 
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cofactors and substrates for activity. It can be used without invasive techniques for in 

vivo observation within individual cells or in whole organisms interacting with 

environments in real time. Fusion of GFP to a protein rarely affects the proteins activity 

or mobility, and GFP is nontoxic in most cases. Therefore, with such a low threshold for 

use, GFP has been applied extensively from prokaryotes to eukaryotes throughout the 

biological sciences. 

1.4.1 Applications of GFP 

Numerous studies have been reported in successfully using the GFP. The most common 

application of GFP remains as a reporter of gene transcription or a protein of interest. 

GFP fused with cellular polypeptides can be used to examine the subcellular location 

and to chase protein sorting and dynamic subcellular processes over time (Walker et al., 

1999). Tenreiro and coworkers (Tenreiro et al., 2000) fused the Azrl gene ( encoding a 

MFS transporter) in Saccharomyces cerevisiae with gfp and observed the distribution of 

the AZR 1-GFP fusion protein by fluorescence microscopy; the results indicated that 

AZR l was a plasma membrane protein. More examples using GFP as a reporter in fungi, 

such as in observation of cellular localization of cercosporin resistance proteins in 

Cercospora nicotianae and multidrug resistance protein 1 of Leishmania parasites, 

were reported by Chung et al. (2002) and Dodge et al. (2004) respectively. 

Besides protein fusions, GFP can also be applied to visualize a whole-organism (Du et 

al., 1999) or for transcriptional probes, in which GFP is linked to an environmental or 

stress sensitive promoter and serves as an indicator when the condition of the 

environment or stress level is changed (Albano et al., 2001). In some cases, the GFP can 

provide a screening method to rapidly sort cells by observation of green fluorescence 

using microscopy (Yuk et al., 2002). 
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1.4.2 GFP improvements 

Although GFP is a facile and low-cost marker, the limitatio ns of wild type GFP still 

have been considered. The GFP was iso lated from A. victoria that lives in cold water; it 

tends to misfo ld at temperatures over 37°C. Additionally, the GFP requires up to two 

ho urs from transcript ion to functional fluorescent protein and thus makes it difficult to 

monitor early deve lopmental events. Furthermore, GFP has a low turnover rate and 

many biological species autotl uoresce at the same wavelength as GFP; therefore, the 

background no ise can impact the visualization of GFP, especially when the express io n 

protein of interest is low (March et al., 2003; Zimmer, 2002). 

For so lving these problems in fil amento us fungi , modified forms of gfp with optimized 

codon usage of GFP (such as synthetic GFP, sGFP and enhanced GFP, eGFP) have 

been deve loped that can be effic iently translated in fung i and increase the GFP protein 

fluorescence. The sGFP has a S65T amino acid substitution and eGFP has a double 

amino acid substitution of P64L and S65T. The S65T substitution causes a "red shift" in 

exc itation maxima from 395 and 475 nm to 488 nm and has detection near 508 nm, 

w hich is suitable fo r observat ion using spec ia l filters of fluorescence microscopy 

(Lorang et al., 200 1). Many studies have confirmed that the sGFP and eGFP can be 

successfully applied in fungal biology research, such as in the symbiotic basidiomycete 

fungus Hebeloma cylindrosporum , sGFP was efficiently expressed as a marker and 

could be modulated under different environmenta l conditio ns (Rekangalt et al. , 2007). 

Muller et al. (2006) used eGFP as a reporter in H. cylindrosporum and found uniform 

distribution of fluorescence in the hyphae and no significant background signal in 

control hyphae. In the study of dothistromin genes, the eGFP was applied to examine 

gene expression by fusing it with the dotA and under control of the dotA promoter. The 

green fluorescence was observed highly concentrated in young mycelia of transformed 

D. septosporum mutants, which was consistent with real-time PCR results that showed 

the dotA gene expressed at high levels during the onset of exponential growth (Schweim 

et al., 2007). In addition, the eGFP was also successfull y used for tracking the D. 
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septosporum infection process with dothistromin deficient mutants (Barron, 2006). 

1.5 TARGETED GENE DISRUPTION 

Targeted gene disruption provides a powerful method for characterization of gene 

function by a reverse genetic approach (Capecchi, 1989). This technology depends on 

homologous recombination reactions that occur between the transfected DNA (targeted 

vector) and the host genome. In the early form, this technique required the replacement 

of a targeted open reading frame (ORF) by a selectable marker using PCR to obtain the 

5' and 3' ends of the targeted ORF, and then using restriction digestion and ligation to 

introduce the selectable marker to construct the vector, following by transformation of 

the vector into host genome (Bradshaw et al., 2002). A few developments for gene 

disruption resulted in more facile and more efficient methods to construct the targeted 

vector, such as PCR-mediated methods without the use of ON A ligase and plasmid 

vectors (Kuwayama et al. , 2002) , using a group II intron (targetron) vector containing a 

retrotransposition-act ivated selectable marker (Zhong et al., 2003), and even a method 

based on non-homologous end-joining in Neurospora strains (Ninomiya et al., 2004). In 

this project , a relatively easy and efficient recombination cloning technology: MultiSite 

Gateway system (lnvitrogen) will be used for targeted gene disruption. 

The MultiSite Gateway system is based on the Escherichia coli bacteriophage lambda 

integrase/att system, which facilitates the cloning of multiple ON A fragments. As 

shown in Fig. 1.5A, firstly, specific attB sites are flanked to three DNA fragments by 

PCR, usually, the "A", "B" and "C" represent the 5' element of the target gene, the 

selective marker and 3' element of the target gene, respectively; then the PCR products 

are cloned into three donor vectors bearing the corresponding attP sites catalyzed by BP 

clonase ; finally, recombination between all attL sites with their corresponding attR sites 

is catalyzed by the LR Clonase. The LR recombination combines the three entry clones 

and the destination vector to create a construct with the three inserts in an oriented order 
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(Fig. 1.5B). 

This method eliminates the use of restriction endonuclease and ligase. The E. coli 

transformants can be easily screened by using a positive (kanamycin /ampicillin 

resistance) and a negative (the cytotoxic ccdB gene) selection, which does not allow the 

growth of by-products and any intact donor or destination vectors. 
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Figure 1.5: MultiSite Gateway. 
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1.6 AIMS AND OBJECTIVES 

The first aim of this project is to obtain a fusion gene containing gfp and the dotC gene. 

Using GFP as a marker, the localization of the Dote protein can be observed under 

microscopy. If the GFP protein is observed tightly association with cell membrane, it 

indicates that Dote protein is associated with the cell membrane as well. This expected 

finding will support the hypothesis: the dotC gene encodes an MFS transporter, which is 

an integral membrane protein. 

The second aim of this project is to achieve a mutant blocked in the synthesis of Dote 

protein via targeted gene disruption. This mutant will allow direct assessment of the role 

of the DotC protein, by examining toxin production and secretion, toxin resistance, and 

the sporulation rate. However, if the dotC gene functions the same as the toxA in C. 

carbonum, no mutant would be obtained since the fungu s may lose its self-protection 

mechanism and be killed by its own toxin. This problem could be so lved by usmg 

growth conditions which totally inhibit dothistromin production. 

The third aim is to identify novel dothistromin biosynthetic genes by using degenerate 

primers, derived from the consensus amino acid sequences of the AF/ST biosynthetic 

proteins. Based on the known sequences, the probes can be designed to screen the D. 

septosporum genomic library to find any positive clones, in which unknown 

dothistromin biosynthetic genes are located. 
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CHAPTER TWO: MATERIALS AND METHODS 

2.1 FUNGAL, BACTERIAL STRAINS AND PLASMIDS 

Table 2.1 Fungal, bacterial strains and plasmids 

Strains or plasmid Relevant characteristics Source or reference 

Fungal strains 

Dothistroma septosorum 

NZE8 ( wild type) Single spore isolate, laboratory strain . 

NZElO ( wild type) Single spore isolate, laboratory strain. 

dotC-gfp transformants 

Fmo (DGl* ) dote ;; egfp::hph, derivative of NZE8 Th is study 

FJT71 (DG18* ) dote ::egfp:: hph, derivative of NZE8 This study 

FJT72 (DG21 * ) dote ::egfp:: hph, derivative of NZE8 This study 

FJT73 (DG41 * ) dote ::egfp::hph, derivative of NZE8 Th is study 

FJT74 (DG48* ) dote ::egfp::hph, derivative of NZE8 This study 

FJT75 (DG78* ) dote ::egfp: :hph, derivative of NZE8 Th is study 

Fm6 (DG97* ) dote ::egfp::hph, derivative of NZE8 This study 

Fm7 (DG103* ) dote ::egfp::hph, derivative of NZE8 This study 

dotC disrupted transformants 

FJTlS (DCKDM93* ) dote knockout ; pR260, derivative of NZE 1 0 This study 

FJT16 (DCK3* ) dote knockout; pR260, derivative of NZE 1 0 This study 

FJTl 9 (DCK44* ) dote ::hph, derivative of NZE10 (3' single cross-over) This study 

FJT41 (DCK46* ) dote ::hph, derivative of NZE10 (ectopic) This study 

FJT42 (DCKDM90* ) dote ::hph, derivative of NZE10 (ectopic) This study 

FJT43 (DCK12*) dote ::hph, derivative of NZE 10 (ectopic) This study 

Fm9 (DCK18* ) dote ::hph, derivative of NZE 1 0 (ectopic) This study 

FJT80 (DCK39* ) dote ::hph, derivative of NZE10 (ectopic) This study 

Escherichia coli strains 

XL-1 Blue 
supE44 hsoR1 7 recA1 endA1 gyrA46 thi rel A1 lac 

(Bullock et al., 1987) 
F' [proAs • laclq 6 (lacZ) M 15 Tn1 o (tet')] 

Top 10 
F mer A 6(mrr-hsd RMS-mer BC) <1>80 (/acZ)6M1 5 6 

Invitrogen 
lac X74 rec A 1 deoR araO13 9 6(ara-leu)7697 
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Plasmids 

Strains or plasmid Relevant characteristics Source or reference 
pAN7-1 6.8 kb Hygromycin R' AmpicillinR (Punt and van den 

Hondel, 1992) 

pBluescript II KS plus 

vector 
AmpicillinR, lacZ' (3.0 Kb) Stratagene 

pDONR P4-P1R 4.77kb CmR, KanamycinR, ccc:S gene Invitrogen 

pDONR P2R-P3 4.77kb CmR, KanamycinR, ccc:S gene Invitrogen 

pDEST R4-R3 4.43kb CmR, AmpicillinR, ccc:S gene Invitrogen 

pGEMT-easy AmpicillinR, lacZ' (3.0 Kb) Promega. 

pPN81 egfp gene, hph cassette (5.7Kb) (Schweim, 2007) 

pR225 hph gene in pDNOR 221 (Teddy, 2004) 

pR260 dote disruption vector This study 

pR261 att84-5' element-attB 1 This study 

pR262 att82-3' element-att83 This study 

pR263 dotC-gfp in pGEMT-easy vector This study 

pR264 dotC-gfp in pBluescript II KS plus vector This study 

pR265 dotC-gfp-hph in pBluescript II KS plus vector This study 

pR266 700 bp of norA/B from DegePCR in pGEMT-easy This study 

pR267 100 bp of VerB from DegePCR in pGEMT-easy This study 

pR268 
13 Kb NorB contain ing clone isolated from genomic 

This study 
library 

*: alternative names in brackets. 

2.2 GROWTH AND MAINTENANCE OF CULTURES 

Recipes for growth media and other reagents are shown in Appendix I and II. 

2.2.1 Growth and maintenance of E. coli cultures 

E. coli cultures were grown on LB agar plates or m LB broth, supplemented with 

appropriate antibiotics when required, at 37°C overnight. Plates were sealed with 

parafilm and stored at 4 °C. For long-term storage, the selected E. coli cells (grown 

overnight in LB broth with shaking) were mixed with 50% (v/v) sterile glycerol to reach 

a final concentration of 15% (v/v) glycerol and stored at -80°C. 
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2.2.2. Growth and maintenance of D. septosporum cultures 

2.2.2. l General growth and maintenance of D. septosporum cultures 

A 0.25 cm2 section of mycelium, cut with a scalpel from the edge of a D. septosporum 

colony, was placed in the centre of a 90 mm petri dish containing approximately 25 ml 

of medium. D. septosporum cultures were grown on DM, DSM or PDA plates sealed 

with parafilm at 22°C for 14-2ldays. Plates were then stored at 4°C fo r short-term 

storage. For long-term storage, mycelia were stored in 15% (v/v) sterile glycero l at 

-80°C. 

2.2.2.2 Single spore purification 

A genetically pure colony of D. septosporum was isolated as the follows. The spores 

were collected with a sterile loop of MilliQ water brushed over a sporulating colony 

(growing on DSM), then streaked across a new DSM plate. The plate was turned and 

streaked again from the end of previous streak three times, flaming the loop between 

each streak. This plate was incubated at 22°C approximately 10 days until a single 

colony was grown up to a sufficient size to repeat the streaking process. After two 

rounds of streaking, a single colony was isolated and said to be pure. Generally, to 

obtain purified transformants, those cultures were grown on DSM plates containing 

appropriate selection supplements. 

2.2.2.3 Growth and harvest of D. septosporum mycelia 

For inoculum, two 5 mm diam. plugs of D. septosporum mycelia were cut from the 

edge of D. septosporum colonies (grown for 14-28 days on DM at 22°C ) using a sterile 

cork borer and transferred to a 1.5 ml microcentrifuge tube containing 0.6 ml sterile 

MilliQ water. The mycelia were ground using a sterile plastic pestle. 
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For solid media (usually DM agar plates), 150 µI of macerated mycelium suspension 

was dispensed onto DM plates covered with a sterile 90 mm diam. cellophane disc on 

the media surface. The suspension was spread across the cellophane's surface evenly 

with a sterile glass spreader. Plates were sealed with parafilm and incubated at 22°C for 

10-14 days. After incubation, mycelia were removed from the surface of cellophane 

using sterile tweezers or a spatula and stored in a microcentrifuge tube at -20°C or 

freeze-dried at -80°C by the Dura-Dry™ corrosion resistant freeze-dryer. However, 

collecting mycelia for PCR screening of D. septosporum transformants, each 

transformant was subcultured onto a single point on the surface of cellophane in DM 

plates (-20 transformants per plate). After 14 days growth, the whole colony of each 

transformant was removed from the surface of cellophane and divided into two parts 

using sterile scalpel and forceps. The smaller part of mycelia was sub-cultured into 

another DM plate and incubation at 22°C; the larger part of mycelia was freeze-dried to 

extract its genomic DNA (Section 2.3.1), which was treated as the template for further 

PCR screening. 

For liquid media (usually LDB broth), 100 µl of macerated mycelium solution was 

inoculated into a 125 ml flask containing 25 ml LDB broth. Alternatively, 50-100 µl 

spore suspension (- l-3x 105 conidia/ml) was used for inoculation in the above LDB 

broth (refer to Section 2.13 for the method of harvesting conidia). All flasks were 

incubated at 22°C for 7-10 days with shaking (150 rpm). The mycelia were harvested by 

a vacuum harvester (BioRad), in which a sterile 5 cm disc of Whatman paper was used 

to filter liquid broth and collect mycelia. The mycelia of each flask were transferred into 

a 15 ml falcon tube and freeze-dried. The filtrate from each flask was also collected into 

a sterile 15 ml falcon tube and stored at -20°C for further ELISA assays, when required. 
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2.3 DNA MANIPULATION 

2.3.1 DNA isolation from D. septosporum cultures: CTAB Method 

This method is based on the CTAB (hexadecyltrimethylammonium bromide) DNA 

extraction method develo ped by Doyle and Doyle (1987) for iso lating plant DNA. It has 

been successfully used for preparation of D. septosporum genomic DNA for Southern 

hybridization (Jin, 2005). Thus, this method was app lied in this research to prepare 

genomic DNA for Southern hybridization and fo r PCR screening of D. septosporum 

transformants in this project. 

The freeze-dried mycelia were ground to a fine powder with liquid nitrogen in a sterile 

mortar and pestle. The fine powder (for Southern hybridization, approx imately 80-100 

mg in each tube) was transferred to microcentrifuge tubes conta ining CTAB buffer (600 

µI) and 2 µI of RNaseA ( IO mg/ml). This mycelia suspension was mixed thoroughly and 

then incubated at 37°C for 10 minutes; followed by inc ubation at 65°C fo r I hour. When 

the incubation was fini shed, the tubes were left a t the room temperature for coo ling 

down, and 600 µI of c hloroform was added to the tube. The suspensio n was mixed 

thoroughly by vortexing and cent rifuged at 15,700 x g fo r 5 minutes. The upper phase 

was subsequently transferred to a new microcentrifuge tube; a further 600 µ l of 

chloroform was added and mixed thoroughly by inverting the tubes severa l t imes, then 

centrifuged at I 5,700 x g for another 5 minutes. The upper phase was transferred to a 

new microcentrifuge tube ; one volume of isopropanol was added to the tube and the 

completely mixed so lution was incubated at room temperature for 2 minutes, and then 

centrifuged at 15,700 x g for 2 minutes. The pellet was washed three times in 1 mJ 80% 

ethanol and centrifuged at 3,300 x g for 20 seconds after each wash. After the last round 

of washing, ethanol was removed by a P200 pipette. The microcentrifuge tube was left 

to air-dry, then the DNA was resuspended in T E buffer or water. 
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2.3.2 Isolation of plasmid DNA from E. coli 

Plasmid DNA was isolated from E. coli cells using the QIAGEN plasmid minikit (:S 20 

µg plasmid DNA) or QIAGEN plasmid midikit (:S lO0µg plasmid DNA) according to 

the manufacturer's instructions. 

2.3.3 Agarose gel electrophoresis of DNA 

DNA samples were mixed with loading dye before loading into the gel. DNA fragments 

were size fractionated by electrophoresis through a 0. 7%-1.2% (w/v) agarose gel m 

l xTBE buffer at 60-100 volts. After electrophoresis, the agarose gel was stained m 

0.0 l % ethidium bromide for 15 minutes with mild shaking. The gel was de-stained in 

water for 5 minutes and observed under short wave UV light and photographed. 

2.3.4 Agarose gel purification of DNA fragments 

DNA samples were fractionated through a 0.7 % - 1.0% (w/v) agarose gel in lx TBE 

buffer. After staining in ethidium bromide, the DNA was observed under long wave UV 

light. The desirable DNA fragments were excised using a clean scalpel and transferred 

to a microcentrifuge tube. The DNA was then recovered using the QIAquick gel 

extraction kit (Qiagen) according to the manufacturer 's instructions. The extracted DNA 

was confumed to be the correct size by gel electrophoresis. 

2.3.5 Determination of DNA concentration by fluorometric assay 

DNA samples were quantified usmg a "Hoefer DyNA Quant 200" (Amersham 

Biosciences) fluorometer. The fluorometer was first ly calibrated to 100 by adding 2 µl 

(100 ng/µl) calf thymus DNA standard to 2 ml of fluorometer working so lution in a 

cuvette before testing. Once the reading of the calibration was stable, 2 µl of sample 

DNA was added to 2 ml of fresh working solution for concentration testing. The reading 

on the fluorometer was recorded as the concentration of DNA in ng/µl. 
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2.4 DNA LIGATION AND CLONING 

2.4.1 Restriction endonuclease digestion of DNA 

Restriction endonuclease digestion was performed according to the manufacturer's 

instructions. The incubation time usually was one hour and could be extended to 

overnight in some cases, such as DNA digestion of genomic DNA for Southern blotting 

and some ligation reactions. After digestion, the digested DNA was examined by 

agarose gel electrophore is. 

In this project, restriction endonucleases were also used for screening of transformants 

after transformation of E. coli competent cells with constructed vectors. After 

transformation, each colony was clearly marked and picked up using a pipette and then 

transferred into a 0.2 ml PCR tube, which containing 6 µl LB broth. An aliquot of 3 µl 

of above cell suspension was then mixed with 8 µl "green buffer" (Appendix II) in a 

new PCR tube and the tube was put in a boiling water bath for 30 seconds to release 

DNA. After the cell suspension was cooled to room temperature, the tube was 

centrifuged briefly to pellet cells. Then 8 µl of supernatant was transferred to another 

PCR tube, 2 µl of restriction endonuclease buffer (containing 1 µl of enzyme, l U/µl ; l 

µl lO x reaction buffer) was added and left at the recommended temperature (according 

to the manufacturer 's instructions for different enzymes) for 30 minutes. Since the 

digestion map of the vector was already known, the enzyme chosen here was an enzyme 

which could provide a clear digestion pattern. After enzyme digestion, DNA samples 

were run through a l % agarose gel (Section 2.3.3), 2 µl of RNaseA ( l 0 mg/ml) could be 

added to each sample before loading to eliminate the background causing by RN A. B y 

comparing the digestion pattern of each transformant with the expected digestion map, 

the positive transformants could be determined. 
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2.4.2 Standard ligation reactions 

Ligation reactions were set up in 10- 20 µl volumes with the required insert/vector ratio 

(usually 3: 1), final concentration of 1 x ligation buffer and 1 µl of 3 U/µl T4 ligase 

(Roche). The reaction solutions were mixed well and incubated at 4°C overnight. 

When the pGEM®-T Easy vector (Promega) was used in the ligation reaction, the 

purified PCR products were generally used directly according the manufacturer's 

instructions. However, if Platinum® Taq DNA Polymerase High Fidelity (Invitrogen) 

was used for PCR, the purified PCR products had an "A" (dATP) added before ligation 

using the following method. The total volume of the reaction system was 20 µl , which 

contained 15 µl of purified PCR products, 2 µl of 10 x Taq polymerase reaction buffer 

(Invitrogen), 0.8 µl of dATP (5 mM, Invitrogen), 1 µl of Taq DNA polymerase (5 U/µl, 

Invitrogen), 0 .7 µl MgCh ( 50 mM, Invitrogen) and 0.5 µl MilliQ water. The reaction 

solution was mixed briefly and incubated at 70°C for 30 minutes. 

When the vector was prepared using only single enzyme digestion, the vector was 

dephosphorylated to prevent self-ligation in the subsequent ligation reaction. Shrimp 

alkaline phosphatase (SAP, Roche) was used in this dephosphorylation reaction 

according to the manufacturer 's instructions. 

2.4.3 Gateway recombination reactions 

(Using the MultiSite Gateway™ Three-Fragment Vector Construction Kit, Invitrogen) 

2.4.3.1 BP recombination 

The 5 'element and 3 'element of the target gene were amplified by PCR using Platinum® 

Taq DNA Polymerase High Fidelity (Invitrogen). In previous research (Teddy, 2004), it 

was reported that recombination between circular DNA (plasmid containing PCR 
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products with attB sites) and the donor vector was more efficient than between linear 

DNA (PCR products with attB sites) and the donor vector. Thus, the PCR products (the 

5 'element and 3 'element of the target gene) were ligated into the pGEM®-T Easy vector 

(Pro mega) before BP recombination. The inserted 5' element and 3' element were 

subsequently verified with DNA sequencing (Section 2.7) to confirm that correct DNA 

fragments had been cloned into the pGEM®-T Easy vector. BP recombination reactions 

were set up according to the manufacturer 's instructions in 10 µI volumes with the 

appropriate vector: insert ratio. Approximately 150 ng of DONR vector was added and 

approximately 120 ng of pGEM®-T Easy vector with inserts along with 2 µI of 5x BP 

clonase reaction buffer, 2 µI of BP clonase enzyme mix and added TE buffer (pH 8.0) to 

10 µI. All mixtures were briefly vortexed and then incubated at 25°C overnight. The 

reaction was stopped and the mixture was cleaned using a QIAquick PCR purification 

kit (Qiagen) to remove enzyme and salts instead of adding proteinase K to stop the 

react ion as recommended in the manufacturer 's instructions. This modification to the 

protocol was based on the results of optimization studies carried out by Jin (2005). 

2.4.3.2 LR recombination 

LR recombination reactions were set up m 20 µI volumes according to the 

manufacturer's instructions. In general, 60 ng of DESTINATION vector was added and 

approximately of 60-80 ng (20-25 pmol/µl ) of each entry clone along with 4 µl of 5x 

LR clonase reaction buffer, 4 µI of LR clonase enzyme mix and TE buffer (pH 8.0) to a 

final 20 µI volume. All mixtures were briefly vortexed and incubated at 25°C overnight. 

Then the reaction was stopped and mixture was cleaned by QIAquick PCR purification 

kit (Qiagen). 
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2.5 TRANSFORMATION 

2.5.1 Transformation of E. coli competent cells 

2.5.1.1 Preparation of competent cells and transformation by electroporation 

The Top 10 £. coli cells were purified by streaking with a sterile loop on an LB plate. 

One single colony was picked up by a sterile loop and inoculated into 5 ml LB broth in 

a 15 ml test tube and incubated at 37°C overnight with shaking. The next day, 50 µl of 

the above cell suspension was inoculated into 500 ml LB broth in a 2 L flask at 37°C 

with shaking. Once the OD reading of the LB broth reached to 0.5-1.0 (OD600), the flask 

was chilled on ice for 20 minutes. The £. coli cells were harvested by centrifuging at 

4,080 x g (5000 rpm, GSA rotor) for 10 minutes at 4°C. The pellet was washed twice by 

resuspending with 0.5 L ice-chilled sterile water and centrifuging at the same speed as 

above. After two rounds of washing steps, the cells were washed again with 20 ml 

ice-chilled 10 % (v/v) glycerol and centrifuged at 4,302 x g (6000 rpm, SS34 rotor). 

Finally, the cells were resuspended in 4 ml ice cold 10 % (v/v) glycerol and an aliquot 

120 µl cells were transferred into each microcentrifuge tube and stored at -80°C. 

For transformation, the Gene Pulser (Bio-Rad) was set at 25 µF, 2.5 kV and 200 n. An 

aliquot (40 µl ) of competent£. coli cells was transferred into an ice-cold 0.2 cm cuvette 

and mixed with 2 -5 µl (depends on the total volumes of the ligation reaction) ligated 

DNA or 1 µl plasmid DNA (1 ng/µl). The cuvette was wiped with clean paper to avoid 

any water remaining on the cuvette and air bubbles were eliminated from the above 

solution by a 2 µl tip. The mixture then was pulsed at these settings and the mixture was 

immediately mixed with 0 .7 ml of non-selective LB broth in a microcentrifuge tube, and 

then incubated at 37°C for 1 hour with shaking. Three aliquots (of 20 µl, 50 µland 100 

µl ) of the cell sespension were spread onto selective LB agar plates and incubated at 

37°C overnight. 
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2.5.1.2 Transformation by CaC]i competent cells 

An aliquot (200 µl) of CaCb competent E. coli cells (supplied by Masters student , H. Jin) 

were mixed with 2 µI ligated DNA or 1 µl plasmid DNA ( I ng/µl ) and the mixture was 

left on ice for 40 minutes. The mixture was then heat shocked at 42°C for 2 minutes and 

placed on ice for 2 minutes. Next , I mJ non-se lective LB broth was added, fo llowing by 

incubation at 37°C for I hour with shaking. The cells were subsequently plated on 

appropriate selecti ve LB agar plates and incubated overnight at 37°C. 

2.5.2 Transformation of D. septosporum 

The protoco ls used to prepare competent protoplasts and to achieve fungal 

transformatio n were based on the methods developed by Yelton et al. ( I 984), Oliver et 

al. ( 1987) and Vollmer and Yanofsky ( 1986). The methods were further optimized by 

Bradshaw (1997), Seconi (200 J) and Teddy (2004 ). 

2 .5.2. 1 Preparation of competent D. septosporum protoplast 

Two 5 mm diam. plugs of D. septosporum mycelium were ground in 0.6 mJ sterile 

MilliQ water. The ground mycelia so lution ( 100 µ l) was then dispensed onto DM plates 

covered with a 90 mm diam. cellophane disc on the media 's surface. The plates were 

sealed with parafilm and incubated at 22°C fo r approx imately 7 days (no more than IO 

days). After incubat ion, each cellophane alo ng with mycelia was transfererred into 

another petri dish containing approximate ly 10 mJ of filter-sterilized Glucanex 

(Novozymes Switzerland, 10 mg/ml in OM buffer). The mixture was incubated at 30°C 

for 12-16 hours with shaking at 80-100 rpm. After incubation, 5 µI of the mixture was 

placed onto a glass slide to check the enzyme digestion by microscopy. Once protoplasts 

were observed, the mixture was filtered through a sterile Mira cloth into a sterile 15 ml 

corex tube and overlaid with 4 mJ of ST buffer very carefully. The tube was centrifuged 

at 4°C for 5 minutes at 5,860 x g (Rotor SS34). After centrifugation, the protoplasts 
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formed a white layer between the OM and STC buffer and the interface was removed 

into another fresh corex tube and subsequently washed four times with 5 ml STC buffer 

by centrifuging at 5,860 x g (Rotor SS34) for 5 minutes at 4°C. Finally the protoplast 

pellet was resuspended in 50 µI STC buffer and stored on ice. 

The concentration of the protoplasts was determined by counting with a 

haemocytometer. The working concentration of protoplasts was 9.6 x 10 7 to 1.25 x 10 8 

protoplasts / ml in this project. 

2.5.2.2 Transformation of D. septosporum protoplasts 

For each transformation , 80 µI o f -1.0 x 108 protoplasts / mJ in STC buffer along with 

20 µl 40% Polyethyleneglycol (PEG) 6000 were mixed with 5 µg DNA and incubated 

on ice for 30 minutes. Then 900 µI 40% PEG 6000 solution was added to the above 

solution, mixed ve ry carefull y, and then incubated fo r a further 20 minutes at room 

temperature. An aliquot of 100 ~Li of the DNA/protoplasts/PEG solution was mixed with 

5 mJ DM top agar at 50°C in a 15 mJ corex tube and spread onto a DMSuc plate (20 ml 

DMsuc per plate). The plates were incubated at 22°C overnight and then overlaid with 

another 5 mJ OM top agar that contained hygromycin B (Sigma) to make an overall 

concentration of 70 µg/mJ in the whole plate. 

Parallel with the above transformation process, cont ro ls were set up as follows. Aliquots 

( 100 µI ) of undiluted, 10-1
, 10-2, 10-3 and 104 dilutions of the protoplast sample were 

grown on DMSuc plates without hygro myc in B se lection to verify the viability of the 

protoplasts used in the transformation. A negative control was carried o ut with 

protoplasts only (no DNA) using the same transformation procedure described above. 

Aliquots ( 100 µl) of undiluted protoplasts (no DNA) were spread on a DMSuc plate 

with hygro mycin B selection to confirm the sensitivity of the protoplasts to hygromyc in 

B. A positive control was carried out using 5 µ g pAN7-l DNA (containing hph gene) 

mixed with protoplasts and PEG; 4 aliquots ( 100 µl) were spread on DMSuc plates with 
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hygromycin B selection to examine the transformation frequency. 

2.6 AMPLIFICATION OF DNA BY THE POLYMERASE CHAIN 

REACTION 

2.6.1 Normal oligonucleotide primers and degenerate primers 

All the primers were ordered fro m Invitrogen (http://www.invitrogen.com). Each prime r 

was resuspended in sterile MilliQ water to a fina l stock concentration of 200 ~tM and 

sto red at -20°C. The stock primers were diluted to a working concent ration of LO µM 

fo r PCR reactions and 3.2 µ M for sequencing reactions. Table 2.2 shows the primers 

used in this study. 

Table 2.2 Sequencing and PCR primers 

Primer Primer location Sequence (5'to J'J Source /refe rence 

AF-l48056 
I OOdowndotC-Rep3 

16668 -16688 
TTGTGGCGAATCAGGATCCA This study 

3'hph3032 hp/, cassette GTCTGCTGCTCCATACAAGC (Teddy. 200-l) 

3· hph fwd I /,pl, cassette TCTTCCACACCACCGGAGATTC (Teddy. 2004) 

3'hphout hp/, cassette TCCTTGAACTCTCAAGCCTACAG (Teddy. 2004) 

5' hph2672 i,pi, cassette ATCTTAGCCAGACGAGCG (Teddy. 2004) 

S'hph rev2 i,pi, cassene TATCGGCGAGTACTTCTACACA (Teddy. 2004) 

S'hphout /,pl, cassette GAATCTCCGGTGTGGAAGA (Teddy.2004) 

AF448056 
S'dotD RACE 

20973 - 20995 
TAGACGGCGAGGTCGCGAGAGAT (Jin. 2005) 

AF448056 
DCSEI 

17535 -17552 
GAGAGACCTTGCAAGATC This study 

DgNor A-fwd I Degenerate primer GGCAACTTCATHGAYR YNGCNAA This study 

DgNorA-fwd2 Degenerate primer GATGTNGCNAAYTTYTAYCARGG This study 

DgNorA-rev3 Degenerate primer GTAGTRAARTCCCACATRTGNACRTA This study 
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Primer Primer location Sequence (S'to 3') Source /reference 

DgNorA-rev4 Degenerate primer CCGATCACIGGR AA IACRTAIGG This study 

DgVerB-fwd I Degenerate primer CACCARAARTAYGGNGAYACNGT This study 

DgVerB-fwd2 Degenerate primer TACTTYAAYATGGCNATHTTYGA This study 

DgVerB-rev3 Degenerate primer TTATGAATNGCRTCNACCCANGG This study 

DgVerB-rev4 Degenerate primer TGGCCTGGNACNGCNGGRTACAT This study 

GGGGACAGCTTTCTTGTACAAAGTGG 
dotC3 ' fwd pR260 This study 

GCACTCCAGACCAAGATCAAGCAGA 

GGGGACACCTTTGTATAATAAAGTTG 
dotC3 'rev pR260 This study 

GTCTGCATCGTGCGGTTGTACCTGT 

GGGGACAACTTTGTATAGAAAAGTTGA 
dotCS ' fwd pR260 This study 

TCTTACGATGCGACTCGATGTGTG 

GGGGACTGCIIIIIIGTACAAACTTG 
dotCS'rev pR260 This study 

CGGATCCTTCTCGGACAAGTTGTCG 

AF448056 
DotcSE 920 CGGTACTGGTTGTTGTGA This study 

19376- 19394 

AF448056 
dotCzfl ATCTTACGATGCGACTCGATGTGT This study 

20288 -20312 

TCCTCGCCCTTGCTCACCATGGACTTTT 
dotCzf2 pR265 This study 

GGGCCTTCTCCA 

TGGAGAAGGCCCAAAAGTCCATGGTG 
dotCzf3 pR265 This study 

AGCAAGGGCGAGGA 

egfp rev pPN81 AGAAGATGGTGCGCTCCT (Schweim. 2007) 

lnv-NorAfwdl pR268 GACTCACTGCTCGGACTCTC This study 

lnv-NorArevl pR268 GTCATTGCCATACGTCGAAG This rudy 

In v-VerBfwd I pR267 ATTCTCCGAAAGCGAGGGCA This study 

In v-VerBrev I pR267 AACAGCATGCGTGACCGCAA This study 

Ml3 fwd GCCAGGGTTTTCCCAGTCACGA Perkin El mer 

M 13 rev GAGCGGATAACAATTCACACAGG Perkin Elmer 

AF448056 
MF4151P3 GGACCAGAGGAACATACTTGG (Monahan. 1998) 

I 8636 - I 8657 

AF448056 
MF4152P2 CTATCATTGTCGCTTCGTAACG (Monahan, 1998) 

17256-17278 

NorAfwdl pR268 GAGAGTCCGAGCAGTGAGTC This study 

NorArevl pR268 CTTCGACGTATGGCAATGAC This study 

NorBclufwd I pR268 ATGCGAGCGTAGCAGACTGATGT This study 

NorBclufwd2 pR268 ACATGAGAGGGTCTACTCGT This study 

NorBclufwd3 pR268 TATGACGAGTCGCGCAAGTT This study 

NorBclufwd4 pR268 CGTGACCTCATCGATTTGCT This study 

NorBclufwd5 pR268 ACTAGACGGTGCTGGAGCAT This study 
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Primer Primer location Sequence (S'to 3') Source /reference 

orBclufwd6 pR268 CTATGCTTGATGCGTITGAG This study 

NorBclufwd7 pR268 ATGGTGTTGTCGTTGGAAGC This study 

NorBcluRev I pR268 GATACCGTTTCCGGTGGTGGATTA This study 

NorBcluRev2 pR268 GAATTCATCAATCCACGCCA This study 

NorBcluRev3 pR268 GAATAGCCTGACGTCTCATC This study 

NorBcluRev4 pR268 CACTTGCTGTACCAGCTCCA This study 

NorBcluRev5 pR268 ATAGTAGAGACTCTGCCGTC This study 

NorBcluRev6 pR268 GATTGCTCTCGAATGCAACG This study 

NorBcluRev7 pR268 ACTCTGAGAGCCCATGCTCA This study 

NorBclugap pR268 TCGAATAGCGTCCCACTGAG This study 

NorBseqRev I pR268 ACCGAATGAGAGATTCCG This study 

NorBseqRev2 pR268 GATGAGATTGTGCTTGCG This study 

pP 81 2978rev pPN8 1 TCTCAACTCCGGAGCTGA This study 

RT-gfpfwd pPN81 GCCATGCCCGAAGGCTA (Schweim. 2007) 

RT-gfprev pPN81 CATGCCGAGAGTGATCCC (Schweim. 2007) 

SP6 TITAGGTGACACTATAGAATAC Promega 

H: A+T+C; Y: C+T; R:A+G; N:A+G+T+C 

2.6.2 Reagents and cycling conditions for basic PCR 

PCR reactions were set up on ice and in a total volume of 20 µl in 0.2 ml PCR tubes. 

The components added to each reaction were: 2 µl of 10 x Taq polymerase buffer 

(lnvitrogen), 0.8 µI of 50 mM MgCb (lnvitrogen) , 1 µI of 5 mM dNTPs, 0.1 µI of Taq 

D A polymerase (10 U/µl , Invitrogen), 1 µl of 10 µM primers, 1-3 ng of plasmid DNA 

template or 3-10 ng of genomic DNA template and proper volumes of sterile MilliQ 

water to 20 µl. 

The PCR reaction solution was mixed briefly and the tube was placed in a thermal 

cycler (Master cycler gradient; Eppendort). The reaction was started at a denaturation 

step lasting for 2 minutes at 94°C, then 30 cycles of denaturation at 94°C for 30 seconds, 

annealing at 58°C for 30 seconds (the annealing temperature was adjusted depending on 

primers used and specificity wanted) and extension at 72°C for l kb/minute ( based on 

expected product size). The whole process was completed with a final 10 minutes 

extension step at 72°C. 
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2.6.3 Optimization of PCR conditions 

Usually, when using DNA polymerase, too much free magnesium ion may produce a 

variety of unwanted products and promote misincorporation, and too little free 

magnesium ion will result in little or no PCR product. Moreover, too many dNTPs may 

also lead to unwanted mismatches during the amplification process. In order to increase 

the accuracy of PCR, the reaction conditions were optimized by adjusting the 

concentrations of magnesium and dNTPs. Thus, the final concentration of magnesium 

in one reaction was reduced to 1 mM or t .5 mM and dNTPs concentration was 

decreased to 0.1 µM. In addition, Platinum® Taq DNA Polymerase High Fidelity 

(Invitrogen) with proofreading function was used when required and the cycles of PCR 

decreased to 20 to minimize misincorporation errors in some cases. 

2.6.4 Touchdown PCR and inverse PCR 

2.6.4.1 Touchdown PCR 

Touchdown PCR is a method of PCR used to minimize amplification of nonspecific 

sequence by primers. The temperature at wh ich primers anneal during a cyc le of PCR 

determines the specific it y of annealing. The earliest steps of a touchdown polymerase 

chain reaction cycle have high annealing temperatures . The anneal ing temperature is 

decreased in increments for every subseque nt cycle. The primer will anneal at the 

highest temperature that it is ab le to tolerate. Thus, the first sequence amplified is the 

one between the regions of greatest primer specificity; it is most likely that this is the 

sequence of interest. These fragments will be further amplified during subsequent 

rounds at lower temperatures, and will swamp out the nonspecific sequences to which 

the primers will bind at those lower temperatures. The whole procedure of touch down 

PCR used in this project is shown in Table 2.3. 
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Table 2.3 The procedure of touchdown PCR. 

Step 

2 

3 

4 

5 

6 

7 

8 

9 

Temperature 

94°c 

94°c 

66°C 

n °c 

94°c 

63°C 

n °c 

94°c 

60°C 

n °c 

94°c 

s1°c 
n °c 

94°c 

s4°c 

n °c 

94°c 

s1 °c 

n °c 

94°c 

48°c 

n °c 

n °c 

Lasting time 

2 minutes 

30 seconds 

40 seconds 

1 minute/kb ( base on expected product size) 

30 seconds 

40 seconds 

1 minute/kb ( base on expected produc t size) 

30 seconds 

40 seconds 

1 minute/kb ( base on expected product size) 

30 seconds 

40 seconds 

1 minute/kb ( base on expected product size) 

30 seconds 

40 seconds 

1 minute/kb ( base on expected product size) 

30 seconds 

40 seconds 

1 minute/kb ( base on expected product size) 

30 seconds 

40 seconds 

1 minute/kb ( base on expected product size) 

5 minutes 

The ini tial and the final annealing te mperatures depended on the primers used in PCR. 
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Cycles 

3 

3 

3 

3 

3 

3 
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2.6.4.2 Inverse PCR 

A limitation of standard PCR is that 5' and 3' flanking regions of the target DNA 

fragment must be known. Inverse PCR is a variant PCR that can be used to determine 

the flanking sequences when only one internal sequence of the target DNA is known. 

Based on the known internal sequence, two primers were designed at each end of this 

fragment with outward direction. The genomic DNA of NEZ8 was digested with 

different restriction enzymes (-800 ng DNA for each reaction, Section 2.4. l) for 5 hours 

and the cleaved DNA fragment s of each enzyme were purified individually by the 

QIAquick PCR purification Kit (Qiagen). The purified DNA fragments were then 

ligated using T4 DNA ligase (Roche, Section 2.4.2). The PCR was subsequently carried 

out with the above two primers using 2 µl of the ligation so lution as the templates. The 

PCR products were selected to ligated into the pGEM®-T Easy vector (Promega, 

Section 2.4.2) and the DNA sequence of this inserted fragment was finally obtained 

(Section 2. 7). 

2.6.5 E. coli colony PCR 

E. coli colony PCR was used to screen E. coli transformants using the colony ce lls 

direct ly as templates. A sterile P2 pipette tip was used to pick up the colony cells by 

gently touching at the colony surface, too many cells could inhibit the PCR. The cells 

were suspended in the working solution used for a basic PCR; the total volume was 

usually reduced to 15 µ1. The initial step of PCR program was one cycle of 3 minutes at 

96°C to release the cell components, followed by 30 cycles the same as the basic PCR 

described above. 

For screening large numbers of transformants, the transformants were pooled into 

groups (5- 10 colonies in one group). Each colony was marked very clearly. A few cells 

from each colony in one group were pooled together in a 0.2 ml PCR tube containing 10 

µl sterile MilliQ water. All the PCR tubes were submerged in boiling water for 3 
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minutes and centrifuged at 13,000 rpm (Eppendorf, Centrifuge 54 l 5R) for 1 minute. 

The supernatant then was used as the template for PCR screening of those transformants. 

Once positive results were found in one group, each colony of this group was then 

checked individually by E. coli colony PCR to identify which one had the positive 

product. 

2.6.6 Purification of PCR products 

PCR products were purified by the QIAquick PCR purification Kit (Qiagen) according 

to the manufacturer 's instruction. 

2.7 DNA SEQUENCING 

Before sequencing, plasmid ON A was purified by a commercial plasmid extraction kit 

(Section 2 .3.2) and its concentration was determined by the Fluorometer (Section 2.3.5). 

In each sample, 300 ng plasmid DNA and 3.2 pmol primer were mixed with MilliQ 

water to reach a final 15 µl of the testing solution. All samples were sent for sequencing 

at Allan Wilson Centre Genome Analysis Centre, the Institute of Molecular BioSciences 

of Massey University. 

2.8 HYBRIDISATION OF DIG-LABELED PROBES TO BLOTS 

2.8.1 DIG labeling of DNA probe 

Digoxigenin-11-2 ' -deoxy-uridine-5 ' -triphosphate, alkal i-labile (DIG-11-dUTP, Roche) 

was used to label the DNA probes for Southern blotting by PCR according to the 

manufacturer's instructions. DNA probes for hybridisation to colony blots were labelled 

with DIG-11-dUTP using a DIG-random priming labelling kit (Roche) according to the 

manufacturer's instructions. 
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2.8.2 Southern blotting (Capillary) 

The DNA blotting method used in this project was based on the method described by 

Southern (1975). DNA for Southern blotting was prepared using the CTAB method 

(Section 2. 3.1) and digested with restriction endonucleases (Section 2.4.1). Digested 

DNA was separated by gel electrophoresis (Section 2.3.3) through a 0.8% agarose gel 

and run at low voltage (1-2 volts/cm) overnight at 4 °C. The gel was stained in ethidium 

bromide for 15 minutes, observed under short wave UV light and photographed with a 

ruler alongside the gel. If the target DNA was over 5 Kb, in order to be able to transfer 

high molecular DNA to membrane, the DNA was depurinated by submerging the gel in 

250 mM HCl for 8 minutes with shaking at room temperature. Then, the DNA was 

denatured in denaturing so lution for 2 x 15 minutes at room temperature with shaking. 

The gel was neutralized by washing twice in neutralising so lution for 20 minutes per 

wash. Before placing on the blotting apparatus , the gel was soaked in 20 x SSC for 15 

minutes. The blotting apparatus was constructed as de cribed in the DIG application 

manual for filter hybridization (Roche). After blotting overnight , the apparatus was 

disassembled and the Hybond-N+ membrane (Amersham) was treated with shortwave 

UV light for 3 minutes in the UV crosslinker (Ultralum) to crosslink the DNA to the 

membrane then air-dried. 

2.8.3 Preparing colony lifts 

For preparing colony lifts to be hybridized, the method used in this project was basically 

accorded to the DIG application manual for filter hybridization (Roche). Usually, the E. 

coli cells were first serially diluted to determine which dilution could achieve 

approximately 800-1000 colonies in one LB agar plate. The diluted E. coli cell were 

spread evenly on LB agar plates (with appropriate selection) and incubated at 37°C 

overnight. After incubation, the agar plates containing colonies were cooled to 4°C for 

30 minutes. A 90 mm diam. nylon membrane disc was then carefully placed onto the 

agar surface of each cooled plate. The membrane disc was left on the plate for 5 minutes 
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and clear marks made both on plate and on the NON-colony membrane side to mark the 

orientation of the membrane relative to the plate. The membrane was then transferred 

onto another fresh LB agar plate (with the colony side facing up) using tweezers and 

incubated for 4 hours at 37°C. After incubation, each membrane was placed onto a 12 x 

12 cm2 Whatman paper, which already had been soaked in the denaturation solution, 

with the colony side facing up for 15 minutes. The membranes were then removed to 

another stack of Whatman papers containing the neutralizat ion so lution and incubated 

for 15 minutes. The membranes were subseque ntly equilibrated on 2 x SSC containing 

Whatman papers for 10 minutes and briefly air-dried on a clean Whatman pape r sheet. 

The DNA was finally cross-linked to the membrane using the UV crosslinker (U ltralum, 

Section 2.8.2) 

2.8.4 Probe concentration determination 

To determine suitab le probe concentration in the hybridization buffer, a series of probe 

dilutions were prepared as fo llow: 1/5, 1/25, 1/125, 1/625, 1/3125 and 1/15625. An 

aliquot of 2 µI each dilution was spotted onto a 7x4 cm nylon membrane. After briefly 

air drying, DNA was fixed to the membrane using the UV cross linker (Ultralum, 

Section 2.8.2). The detection procedures are described in Section 2.8.6. A sample result 

shows in Fig. 2.1. Since the pure probe was used for detection in this step, considering 

the efficiency of probe incorporation during the hybridization, the working 

concentration of probe was usually used with the one grade (five times) higher 

concentration than the lowest concentration which had been detected. As shown in Fig. 

2.1, the lowest dilution ( 1/15625) can be clearly observed, thus the working probe 

concentration is the 1/3125 dilution. In the experiment, if total volumes of the 

hybridization buffer are 20 ml, then 6.4 µI (20 ml I 3125= 6.4 µI) of probe will be added 

into the hybridization buffer (method based on the instruction manual of DIG High 

Prime DNA Labeling and Detection Starter Kit II, Roche). 
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Figure 2.1: A sample result of probe concentration determination 

2.8.S Hybridization of DIG labeled probe 

The membranes to be hybridized were placed in a hybridizat io n tube and 25 ml of DIG 

Easy Hyb so lution (Roche, approximately 10 ml/ 100 cm2 of membrane) was added to 

the tube. A mesh was usually used to separate the membranes. The membranes were 

then placed in a rotary oven at 4 2 °C and pre-hybridized for one hour. The probe was 

denatured by heating for 10 minutes in a boiling wate r bath and plunging immediately 

into ice. The cooled probe solution was subsequently transferred into the 

pre-hybridization solution (avo iding direct contact of the concentrated probe with the 

membranes). Mixing the solutio n briefly, the membranes were incubated at 42°C in a 

rotary oven overnight. 

After hybridizat ion, excess (un-hybridized) probe was wa hed off. The me mbranes were 

removed from the hybridization tube with forceps, and washed twice (5 minutes each 

washing) in 400 ml of low stringency buffer (wash so lutio n I) in room temperature w ith 

shaking. Then the me mbranes were washed twice ( 15 minutes each washing) in 400 ml 

of high stringency buffer (wash so lutio n II) at 68 °C in a water bath w ith constant 

shaking. 

2.8.6 Immunological detection 

After stringent washes, the membranes were rinsed briefly (2-5 minutes) in buffer I 

(refer to recipe in Appendix II) and then incubated for 30 minutes in buffer II (blocking 

solution, approximately 150 ml for a A4-sized membrane) with shaking at room 

temperature. The Anti-DIG-AP (Roche) was added directly into buffer II to reach a fina l 
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1/ 10,000 (v/v) dilution and the membranes were incubated for another 30 minutes with 

shaking. The membranes were washed twice (15 minutes each) in buffer I and then 

equilibrated for 5 minutes in buffer III. The membranes were then placed inside an A4 

copysafe pocket (OfficeMax) and CSPD lumigen (Roche) was dispensed evenly over 

the membrane surface of DNA side by using a 200 µl pipette. The excess so lution was 

squeezed out by gently wiping a clean towel paper over the pocket surface. The 

copysafe pocket was sealed and placed into the 37°C room for 10 minutes. The 

membrane was then exposed to X-ray film (Kodak) for 20 minutes to l hour. The X-ray 

film was finally developed by an automated developer ( 100 Plus Automatic X-ray 

Processor, All Pro Imagining). 

2.8. 7 Stripping blots 

The membrane can be stripped of DIG-labeled probe and rehybridized to a different 

probe after chemiluminescent detection. The membrane was firstly rinsed in double 

distilled water thoroughly for 5 minutes and then washed twice (15 minutes each) in 

stripp ing buffer at 37°C. Finally, the membrane was rinsed in 2 x SSC for 5 minutes. 

The membrane can be stored in 2 x SSC for rehybridization. 

2.9 DOTHISTROMIN ISOLATION FROM MYCELIUM OF 

D.SEPTOSPORUM 

Freeze-dried D. septosporum mycelia (approximately 50-80 mg) were placed in a 1.5 ml 

microcentrifuge tube. Each sample had three replicates. An aliquot of 600 µl of acetone 

was added to the tube. The mycelia suspension was mixed thoroughly and incubated on 

a shaking platform overnight. The next day, the tube was centrifuged at 13,000 rpm 

(Eppendorf, Centrifuge 5415R) for 2 minutes and the supernatant was transferred into 

another microcentrifuge tube. This was left in the fume cupboard and the acetone 

allowed to evaporate completely. The process was repeated three times by adding 600 µl 
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acetone to the mycelia to ensure thorough extraction. The toxin was finally 

re-suspended in 100 µ l DMSO fo r further ELISA assay. 

2.10 QUANTIFICATION OF DOTHISTROMIN (ELISA METHOD) 

The concentration of the dothistromin produced by D. septosporum in liquid med ia was 

measured using the competitive ELISA method described by Jones et al. ( 1993). 

For preparing the DOTH-MSA conjugated plates, microtitre wells (96 wells plate) were 

coated with 100 µl of DOTH-MSA conjugate (supplied by Bill Jones, HortResearch), 

which was diluted 3000-fo ld with I% phosphate-buffered saline (PBS). The plates were 

covered with gladwrap and incubated at 37°C for 3 ho urs. After incubation, the plates 

were washed five times w ith PBST (fi lled fu lly of each well) and 400 µ I of BSA was 

subsequent ly added to each well. The plates were incubated for another 3 hours at 37°C. 

The dothistromin (DOTH) added on the plate competed with the dothistromin in the test 

samples to interact w ith a perox idase labeled mo noclonal ant ibody (per 10C l2). The 

substrate so lut ion could detect the antibody remai ning bound to the plate after washing. 

Therefore, the more dothistromin in the test samples, the less antibodies bond to 

dothistromin fixed onto the plate, and the less substrate reacted with the antibod ies. The 

BSA mix was used to block the rema ining prote in-bind ing sites on the micro-we ll 

surface. After incubat ion, the plates were washed once w ith PBST. The plates were 

stored at 4°C and washed with PBST just o nce before use. 

Ten standards were prepared by adding I µl of the standard stock solutions (supplied by 

Naydene Barron) to l ml of dilution buffer and broth ( 1000-fo ld di lution). The 

dothistromin concentratio n of the 1000-fo ld diluted standards was as fo llows: 0, 3.9, 7.8, 

15.6, 31.2, 62.5, 125, 250, 500 and 1000 ng/ml. 

For test samples, the filtrates were prepared as described in section 2.2.2.4. An aliquot 
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(200 µl) of each sample was mixed with 200 µl of working buffer to make a 2-fold 

dilution (usually three replicates for each sample) . DMSO added in this step was to 

compensate the effect of DMSO in the standards. If test samples required further 

dilutions, the working buffer and broth was used to obtain those di lutions. 

Standards and test samples ( 100 µl of each) were pre-incubated at 37°C for l hour with 

100 µl of peroxidase-labeled monoclonal antibody, per I OC 12 (30,000-fo ld in dilution 

buffer) in new microtitre plates. Each standard and test sample was loaded in three 

different wells to make the replicates. After one ho ur incubation, I 00 µl of the test 

samples and standards were then transferred to the washed DOTH-MSA microtitre 

plates and incubated at 37°C for 3 hours. The DOTH-MSA plates were then washed six 

times with PBST to remove any free labeled peroxidase. The peroxidase labeled 

monoclonal antibody was detected by adding 200 µl of freshly prepared substrate to 

each well. The plates were covered in tinfoil and haken gently at room temperature for 

30 minutes to get a color reactio n. The reaction was stopped by adding 50 µI of 4 M 

H2SO4 to each well after incubation. Absorbance was measured at 490 nm with 

reference at 595 nm in a Ant hos labtec HT2, Version 1.21 E ELISA plate reader. 

2.11 OBSERVATION OF GFP EXPRESSION IN D.SEPTOSPORUM 

CULTURES 

2.11.1 Fluorescence microscopy 

D. septosporum cultures (including WT and mutants) were inoculated as described in 

Section 2.2.2. 1. After approximate 7 days incubation, the colonies of D. septosporum 

were observed by fluorescence microscopy (Olympus SZX 12) and photos were taken 

using an Olympus DP70 microscope digital camera. The spore suspension of each 

sample was prepared as described in Section 2.13 and observed by fluorescence 

microscopy (Olympus BXS!). 
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2.11.2 Confocal microscopy 

D. septosporum cultures were inoculated in LDB broth for 5-7 days (Section 2.2.2.3). 

An aliquot of 5 µl o f mycelia suspension was dropped upon a microscope slide and then 

covered with a 22x22 mm cover glass (Esco). All samples were observed by 

fluorescence miscroscopy (Olympus BX5 l ) firstly and then subjected to confocal 

microscopy (Le ica 6000B). 

2.12 GROWTH RATE ANALYSIS 

OM agar plates were used fo r inoculating each strain tested in this experiment. Nine 3 

mm diam. agar plugs were cut from the edge o f one-month-old colonies using a sterile 

cork borer for each strain. Three plugs were inoculated onto one OM plate. All the 

plates were sealed with parafi lm and incubated at 22°C for four weeks. The diameter of 

each colony was measured a long two different axes. In some colonies with irregular 

shape, both long ax is and short axis were measured and the average value was taken. 

2.13 OBTAINING D. SEPTOSPORUM CONIDIA AND 

QUANTIFICATION 

Two 5 mm diam. plugs of D. septosporum mycelia were cut from the edge of D. 

septosporum colonies using a sterile cork borer and transferred to a 1.5 ml 

microcentrifuge tube containing 0.6 ml sterile MilliQ water. The mycelia were ground 

by a sterile plastic pestle. The macerated mycelium so lution ( 150 µl ) was then dispensed 

onto DSM plates and spread across the surface of the media with a sterile glass spreader. 

Plates were sealed with parafilm and incubated at 22°C for 10-14 days. After incubation, 

conidia were harvested from the multiple growing colonies on the DSM plates firstly by 

dispensing 4 ml of sterile MilliQ water onto the plates. Then, the conidia were 

suspended in the water by gently scrubbing with a sterile glass spreader across the 
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colony surface and w ith shaking the plate briefly. The conidia suspension was fina lly 

pipetted into microcentrifuge tubes and stored at -80°C. 

For conidia quantificatio n, an alternative method fo r harvesting conidia was used in this 

project. Five mm diameter agar plugs from a one-month-o ld culture were used to 

inoculate the test plates. All 6 replicate plugs of each strain were inoculated onto DSM 

plates and three plugs fro m the same strain were inoculated o nto o ne DSM plate. 

Meanwhile, a differe nt inoculation method was carried o ut as fo llows: three colonies o n 

each DSM plate, including one wild type, one ectopic and one mutant , at least 5 

replicates fo r each sample. All plates were inc ubated at 22°C fo r 3 weeks. After 

incubation, two plugs of mycelia (5 mm diameter) were c ut from the leading edge o f 

each colony at an opposite position, placed into 200 µI 0.1 % Tween-20 (diluted in 

sterile MilliQ water) and vo11exed for o ne minute. The concentration of conidia was 

quantified using a haemocyto meter. 

2.14 DOTHISTROMIN RESISTANCE ASSAY 

DM media was used for preparing the plates in this experiment. The dothistromjn was 

firstly d isso lved in DMSO as a stock so lut ion to make a fi nal concentration of 1.4 mM. 

The fi nal dothistromin concentrations in the testing plates were O µM , 0. 14 ~LM, 1.4 µM 

and 14 µM respectively, in w hich the dothistromin was diluted with DMSO fro m the 

stock so lution and calibrated to the same vo lume (200 µI of d iffere nt concentratio n 

dothistromin so lutio ns in 20 ml mo lten DM agar) . Five re plicate plates were set up fo r 

each differe nt dothistromin concentration. Four 3 mm diam. myce lia plugs (one WT, 

two dotC disrupted muta nts and one ectopic mutant) were transferred onto each above 

DM plate. All plates were sealed with parafilm and inoculated at 22°C up to fo ur weeks. 

The dia meter of each co lony was measured at 6, 14, 20, and 27 days after inoculatio n. 
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CHAPTER THREE: DOTC-EGFPMUTANTS 

3.1 INTRODUCTION 

The dotC gene, located in the dothistromin biosynthetic gene cluster, is the gene of 

particular interest in this research. This gene is proposed to encode a major facilitator 

superfamily (MFS) membrane transporter, which may participate in secreting the 

dothistromin toxin and/or as a self-protection function for the fungus to resist its own 

toxin. In order to verify the cellular localization of the DotC protein, the dotC gene was 

fused with the enhanced green fluorescence protein gene (egfp), which can be 

efficiently translated in fungi and increases the GFP protein fluorescence. After 

transforming the fusion dotC-egfp gene to D. septosporum, the localization of the 

protein DotC can be observed by the green fluorescence under microscopy. 

3.2 CONSTRUCT THE DOTC-EGFP CONTAINING VECTOR 

The overall process for cloning the dotC-egfp fusion gene containing vector is outlined 

in Figs. 3.1 and 3.2. 

3.2.1 Obtaining the dotC-egfp fusion gene 

The dotC-egfp fusion gene was obtained using a three-step PCR. In the first step, a 3 Kb 

ON A fragment (including the dotC ORF and a 1.1 Kb promoter region of the dotC gene) 

was amplified by PCR from D. septosporum strain NZE8. The primers used were the 

forward primer (dotCzfl) and the reverse primer (dotCzf2), which was designed as a 

long primer containing the terminal part of the dotC gene and the initial part of the egfp 

gene (Fig. 3.1). 
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In the second step, a 800 bp egfp gene was amplified by using primers dotCzf3/pPN8 l 

2978rev. The pPN81 plasmid (containing the egfp gene, plasmid map in Appendix V) 

was used as the template. The sequences of primer dotCzf2 and primer dotCzf3 were 

exactly complementar y to each other. When designing primers dotCzf2 and dotCzf3, the 

stop codon of the dotC was eliminated to allow translation read-through into egfp. 

In the third step, the above two rounds of PCR products were firstly purified using a 

QIAquick PCR purification kit (Qiagen) and then combined as templates in this round 

PCR using primers dotCzfl and pPN8 l 2978rev. The final PCR product was the 

dotC-egfp fusion fragment, which was approximately 3.8 Kb long. The nucleotide 

sequence of the four primers is shown in Table 2 .2 and the precise location of these 

primers is indicated in Appendix 111. Since the final PCR product was going to be 

precisely expressed as its corresponding fusion protein, in order to minimize 

mis incorporation error during the PCR, Platinum® Taq DNA Polymerase High Fide lit y 

(lnvitrogen) was used in all PCR reactions and the cycles of PCR decreased to 20 

(Section 2.6.3). PCR conditions were further optimized by reducing the concentrat ion of 

magnesium ( 1.5 µM as the final work ing concentration) and dNTPS (0.1 µM as the final 

working concentration). 

Figure 3.1 : Schematic diagram shows the procedure obtaining a dotC-egfp fusion 

gene. 

dotCzf1 .... dotCzf3 

The dotC promoter region The dotCORF 

._ 
dotCzf2 pPN81 2978rev 

The first round PCR: Primers dotCzfl /dotCzf2 using genomic DNA as template to obtain the dorC fragment (- 3 Kb). 

The second round PCR: Primers dotCzf3/pPN81 2978rev using plasmid pP 81 as template to ampl ify the gfp 

fragment (-0.8 Kb). The third round PCR: Primers dotCzfl and Primer pPN81 2978rev using a mixture of the above 

two rounds of PCR products as template to achieve the dotC-egfp fusion gene (-3.8 Kb). 
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Figure 3.2: The overall process for cloning the dotC-egfp vector. 
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3.2.2 Cloning the dotC-egfp fusion gene into the pG EM® -T Easy vector 

Initial attempts were carried out to clo ne the dotC-egfp fusion gene into pPN8 I vector 

directly (the pPN8 l contains hygro mycin B resistance gene, hph, which can be used as 

a se lectable marker fo r fu ngal transformation). Two vectors were finally obtained, 

which conta ined independe ntly amplified dotC-egfp genes. Unfortunately, DNA 

sequenc ing results showed several nucleotide mismatches occurred in the PCR 

amplified do tC-egfp gene and some of the mismatches resulted in amino acid changes in 

the dotC ORF. Th is c loning method required a relatively high amount of insert DNA 

and had no blue-white selection for screening the transformants. As ment ioned in 

Section 3.2. 1, the PCR product yie ld was usually quite low whe n the reaction reduced to 

20. In order to improve the efficiency of this cloning process, one more effic ient c loning 

system, pGEM®-T Easy vector (Promega) , was subsequent ly applied in this project. 

S ince Platinum® Taq DNA Polymerase High Fide lity (Invitrogen) was used in the PCR 

reactions, an "A" tail (dATP) was added to the 3' ends of the fusion PCR product to 

increase ligatio n efficiency with the pGEM®-T Easy vector (Section 2.4.2). After 

purification of those "A" tail attached PC R products, they were ligated into the vector as 

described in Section 2.4.2. Then, 5 µl ligation solutions were transformed to CaCh 

competent E. coli cell s (XL- 1 Blue) as described in Section 2.5. 1.2. 

Hundreds o f trans formants were obtained on LB Amp plates after transformation. In the 

subsequent PCR screening, seventy transformants were init ially pooled into 14 groups 

(5 transfo rmants in one group) and screened fo r the existence of the dotC fragment 

(Sectio n 2.6.5). Eventually three individually purified transformants (No. 15, 18 and 2 1) 

were fo und that clearly contained the do tC gene using a rapid PCR-screen with primers 

dotCzfl / dotCzf2 (Fig. 3.38). 

The plasmid DNA was subsequently iso lated fro m the three transformants and digested 

with EcoRI and Real to determine the insertion pattern (Fig. 3.3>C). The results showed 
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that the plasmids 15 and 2 1 had the correct digestion pattern as expected for a dotC-egfp 

insert. Therefore, the plasmid DNA of No. 15 (pR263) was selected and sent for DNA 

sequencing to verify w hether the dotC-egfp fragment had been prec isely amplified by 

PCR. The sequenc ing results indicated that o ne nucleotide (WT: TTCACCTCG ; fusio n 

gene: TTCATCT CG ) was not consistent with the D. septosporum geno mic DNA 

sequence from the database. This nucleotide alteratio n (the precise position is shown in 

Appendix III) was located in the coding regio n of the dotC and resulted in an amino 

acid change (Threonine-Iso leucine). This mis match was compared w ith the two 

previous dotC-egfp fu s ion gene-containing vectors constructed in this research (the 

dotC-egfp fusion gene was cloned into the vector pPN8 I ). DNA sequenc ing results 

showed that this " mismatch" had happened in the same posit ion in each vector. Since 

the dotC-egfp fragment in those three differe nt vectors were amplified by PCR 

independently ( in d ifferent time and di ffere nt PCR conditions), the " mismatch" was 

unlikely due to the PCR ampli fi cation error but more likel y due to an error in the 

database sequence. Thus, the pR263 was used fo r the further cloning process. 
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Figure 3.3: Checking the plasmid pR263 with PCR and enzyme digestion. 

A. The plasmid map of pR263. 

Real (5945) 

Real (49:r) 

EcoRI (3-4) 

Eco RI (:rs6) 

B 

pGEMT-DotCgfp(p R263) 
6-14 bp 

Rcal (:m i> Eco RI (345) 

Plasmids 

3 Kb 

Real (2229) 

dote cassette 

Real (:isgo) 

C 12 15 t8 21 

ERERERER 

B. The PCR results checking the existence of the dotC fragment. Lane M: I Kb+ ladder: lane I: negative contro l 

without DNA template: lane 2: plasmid 12: lane 3: plasmid 15: lane 4: plasmid 18: lane 5: plas mid 21. Using primers 

dotCzfl / dotCzf2. the PCR results showed that only plasmid I 5. 18 and 21 had the expected 3 Kb products. 

C. The enzyme digestion results. From Fig3?A, EcoRl dige tion was expected to give four fragments (-0.35 Kb. 

0.6 Kb. 2.8 Kb and 3 Kb): and Real sites digestion five fragments (-0.36 Kb. 0.8 Kb. I Kb. 1.5 Kb and 3 Kb). Thus, 

only plas mid 15 and 21 tit to this digestion pattern. E: EeoRl: R: Real 

Lane M: I Kb + ladder: 

lane I: plasmid 12/EcoRI: lane 2: plasmid 12/Real: 

la ne3: plasmid 15/EeoRI: lane 4: plasmid IS/Real: 

lane5: plasmid I 8/EeoRl ; lane 6: plasmid 18/Rcal: 

lane7: plasmid 21/EeoRI: lane 8: p lasmid 21/Rea l: 
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3.2.3 Cloning the dotC-gfp fusion gene and the hph gene into the pBluescript II KS 

plus vector 

Once the DNA sequence of the dotC-gfp fus ion gene in pR263 was confirmed without 

any amplification errors, a vector suitable for fungal transformation was constructed. 

The hph gene is a selectable marker (encoding hygromycin B res istance) that functio ns 

in D. septosporum. Unfortunately, the pR263 vector did not provide a su itable 

restriction s ite fo r introducing the hph gene direct ly. Therefore, the vector pBluescript II 

KS plus (plasmid map in Appendix V) was chosen to accomplish this cloning process, 

s ince it can provide the desirable restriction sites for cloning both the dorC-egfp and hph 

genes ( see Fig. 3.2 flow diagram). 

3.2.3. 1 Cloning the dorC-egfp fu sion gene into the pBluescript vector 

The pBluescript vector (- 1.5 µg) was cut with the restriction enzyme Nori and then 

treated with SAP (Roche) to prevent self-ligation (Section 2.4.1 ). The reactio n mixture 

was cleaned by the QIAquick PCR purification kit (Qiagen) after the digestion and the 

dephosphorylation steps. 

The dorC-egfp fragment was cut out o f pR263 using Nori , then gel-purified, ligated into 

the prepared pBluescript vector and transformed into £. coli (Section 2.3.4, Section 

2.4.2, Section 2.5. 1. 1 and Section 2.6.5). The primers dotCzfl/ dotCzf2 were used fo r 

pre-screening by PCR. The transformants with correct PCR products were sing le-cell 

purified, plasmids isolated and subsequently re-confirmed by PCR and enzyme 

digestion for determining the insert direction. Fig. 3.4B shows the isolated plasmid 

pBlue-DGrev (pR264) had the dotC fragment (3 Kb). Fig. 3.4C shows the plasmid 

pR264 cut with EcoRI and Real and this digestion results fit to the expected digestion 

pattern. The digestion resu lt also indicated that the dotC-egfp fragment was cloned into 

the pBluescript vector in a reverse direction. 
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Figure 3.4: Checking the plasmid pBlue-DGrev (pR264) with PCR and enzyme 

digestion. 

A. The plasmid map of pR264. 

Rcal (6605) 

Rcal (s.,97) gfp 

pblue-DGrev(pR264) 
668.\ q, 

Eco RI (+131) 
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Eco RI (4385) 
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dote cassette 

Rcal (3217) 

I • 

C 
E R 

M I 2 ------ .. -- -- -- -- ... --,.. ,. -
B. The PCR results checking the existence of the dotC fragment in pR264. Lane M: I Kb+ ladder: lane I: negative 

control wi thout D A template: lane 2: plasmid pR264. Using primer set dotCzfl and dotCzf2 in the PC R. the 3 Kb 

band confi rmed that the dotC fragment had been cloned into pR264. 

C. The enzyme digestion results. Lane M: I Kb+ ladder: lane I: pR264/EcoRI: lane 2: pR264/Rcal. Accord ing to the 

digesti on map shown in Fig. 3.4A. three fragments were expected after EcoRl digestion: 0.35 Kb. 0.6 Kb and 5.7 Kb 

(plus a 46 bp fragment too small to see): and fi ve fragments (0.36 Kb. 0.8 Kb, I Kb. 1.6 Kb and 2.9 Kb) from Rea l 

digestion. this result was exactly consistent with Fig. 3.4A. 

E: EcoRI: R: Rea l 
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3.2.3.2 Clo ning the hph gene into the pBlue-DGrev (pR264) 

All cloning steps were similar to the Section 3.2.3.1 except using the restriction enzyme 

Xbal instead o f Nori (see Fig. 3.2). The insert hph fragment was cleaved fro m the 

DotC-Rep (pR260, refer to Fig. 4.4) plasmid DNA by Xbal. The pBlue-DGrev (pR264) 

was cut with Xbal as well and treated with SAP (Roche). Fig. 3.5B shows the PCR 

results that confirmed the two replicates of new plasmid pBlue-DG-hphrev (pR265) 

containing both the dotC frag ment (lane 1 and 2) and the hph frag ment (lane 3 and 4). 

Enzyme (EcoRI) digestion results (Fig. 3.4C) confirm that the pR265 is the correct 

vector, which has the expected d igestion pattern and also ind icate the direct ion of the 

inserted hph fragment (Fig. 3.5A). 
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Figure 3.5: Checking the plasmid pR265 with PCR and enzyme digestion. 

A. The plasmid map of pR265. 

Ampci lli~ 

pBlue-DG-h ph rev(pR265) 

&o RJ (4:J85) 

B C 

M 

•w -+- 3 Kb 

1.65 Kb --+ 

- .. . 1 

:::: ... 
--0.6 Kb--+ --.- 0.36 Kb 

0.3 Kb--+ 
;::: ---~ --• 

B. The PCR results checking the existence of the dotC and hph fragment in pR265. 

Lane M: I Kb+ ladder: 

Lane land 2: PCR products using primer set dotCzfl and dotCzf2: the two repli cates of pR265 confirmed a 3 Kb 

dotC fragment had been cloned already. 

Lane 3 and 4. PCR res ults showed the two repli cates of pR265 had hph fragment as well. the primer set used here 

was 5'hph2672 and 3' hph3032 (located in the hph casseue and gave an expected -0.36 Kb PCR product). 

C. The enzyme digestion results to re-confirm the plasmid pR265. 

Lane M: I Kb+ ladder: lane I: pR265/£coRI: 

According to Fi g. 3.5"A, six fragments are expected after EcoR I digestion: 0.35 Kb. 0.39 Kb. 0.48 Kb , 0.6 Kb. 1.5 Kb 

and 5.7 Kb: a smear can be observed around -0.4 Kb regi on since the 0.35 Kb and 0.39 Kb fragments are too close. 
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3.3 TRANSFORMATION OF THE pR265 VECTOR INTO D. 

SEPTOSPORUM 

3.3.1 D. septosporum protoplasts mediated fungal transformation 

The pBlue-DG-hphrev vector (pR265) was transformed into D. septosporum wild type 

strain NZEl0 using the protoplast mediated method (Section 2.5.2). 

The first attempts at transformation had failed due to poor protoplast regeneration: less 

than 20 colonies had regenerated even under non-selective conditions. In order to solve 

this problem, all buffers and media were replaced and experiments were carried out to 

examine critical factors preventing the regeneration of the protoplasts (See details in 

Appendix IV). Finally, the stock 40% PEG was found to be inhibitory to protoplast 

regeneration. When fresh-prepared 40% PEG was used in transformation, hundreds of 

small transformants were observed after 7 days incubation at 22°C. After 14 days 

incubation, a few transformants continued to grow up to a size of approximately 5-10 

mm. These larger colonies were likely to contain vector integrated into the genome, as 

opposed to having transient expression of resistance from an extrachromosomal plasmid. 

Of those transformants, 103 colonies were sub-cultured into fresh 

hygromycin-containing DM plates (20 colonies per plate), with cellophane on the 

surface of agar. After two weeks incubation, 24 colonies out of the 103 transformants 

were eventually grown up to a size of approximately l 5x 15 mm. 

3.3.2 Screening of dotC-egfp mutants by PCR 

In those 24 transformants, the colony of each transformants was divided into two parts 

using sterile scalpel and forceps. The smaller part of mycelia was sub-cultured into 
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another DSM plate and incubation at 22°C; the larger part of mycelia was freeze-dried 

and its genomic DNA extracted using the CTAB method (Section 2.3. 1). The isolated 

DNA of each transformant was directly used as the template for further PC R screening. 

The prime r set used in the PCR screenmg was DCSE 1/egfp rev. (Fig. 3.6A) . If the 

dotC-egfp gene had been integrated into wildtype D. septosporum genome, the PCR 

product should be -0.52 Kb DNA fragment and would also confirm that the dotC and 

egfp were still linked together after trans fo rmation. PCR results showed that 23 

transfo rmants out of 24 had the expected products (results not shown). After observing 

the co lonies of those 23 trans fo rmants under UV microscopy (Olympus SZX 12), 8 

trans fo rma nts (FJT70-77) with re latively strong fluorescence (Ref to Fig 3.8) were 

chosen to be purified as described in Section 2.2.2 .2. Fig. 3.6B shows the same PCR 

reactio ns described abo ve to re-confirm those 8 transfo rmants after purificat ion. The 

results sho wed that all e ight integrated mutants had the fusion dotC-egfp fragment. 

Figure 3.6 : Screening of dotC-egfp mutants by PCR. 

A. The primer set used in the PCR screening and their approximate location 

I The dotC promoter region I dotCORF 

DCSEI 

-+ 
egfp rev 

+-

B. The PCR results confirming that the 8 

s ingle-spore purified mutants had the integrated 

dotC-egfp. 

Lane M: I Kb+ ladder: 

The negative was set up without D A template (not 

shown in this figure) . 

lane I : FJTIO: lane2: FJTI I : 

lane3: FJTI2: lane4: FJTI3: 

lane5: FJTI4: lane6: FJTI5: 

lane?: FJTI6: lane8: FJTI7: 

The results showed that a ll 8 mutants had the 

expected results (a 0.52 Kb product). 
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3.3.3 Confirmation of the integration of egfp by Southern blotting analysis 

Although green fluorescence was observed in the 8 transformants, Southern blot 

hybridization was also applied to further confirm the integration of dotC-egfp into the D. 

septosporum genome. 

The genomic DNA of four dotC-egfp mutants (FJT73, FJT74, FJT75 and FJT76) and 

WT (NZElO) was extracted as described in Section 2.3.1 The isolated DNA was then 

purified using a PCR purification kit (Qiagen) for further enzyme digestion. One 

DIG-labelled hybridization probe was a 420 bp partial egfp ORF fragment , which was 

amplified by PCR with primers RT-gfp fwd and RT-gfp rev using plasmid pPN8 l as the 

template. Another probe, which amplified with primers DotCSE920 and MF4 l 52P2 

using NZEl0 genomic DNA as the template, was designed to detect the dotC fragment 

(details see Section 4.3.2). Approximately 2 µg purified genomic DNA of each mutant 

and WT was digested with enzyme Xhol , then run in the agarose gel overnight. The 

details of Southern hybridizat ion are described in Section 2.8. 

The vector pR265 was expected to integrate into the D. septosporum genome randomly, 

thus the hybridization patterns of those mutants could not be predicated beforehand. The 

enzyme Xhol was chosen here since there is only one digestion site (out of the 

dotC-egfp fu sion region) in the pR265 (Fig. 3.7 A). If whole copies of pR265 had 

integrated into D. septosporum genome in tandem, the copy number of the egfp could 

be estimated based on the intensity of the hybridization bands of each mutant. Fig. 3. 7 A 

shows the approximate location of probes used in this experiment and the Xhol 

digestion site; Fig. 3.7B is the gel photo checking the status of Xhol digested genomic 

DNA of each strain. As shown in Fig. 3.7E', no band was observed in the WT, since no 

gfp fragment existed in WT D. septosporum strain. The mutants FJT73, FJT74, FJT75 

and FJT76 all had the egfp fragment, which was consistent with the PCR screening 
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results in Section 3.3.2. In addition, although all strains had the same amount of DNA 

loaded into the gel, FJT73 and FJT75 had stronger hybridization bands than other two 

mutants, indicating multiple copies of the dotC-egfp. Based on the hybridization results 

using the dotC probe (Fig. 3.7D); the -8.7 Kb band of WT was the only band which 

could be predicted before hybridization in this blotting analysis. Since there is only one 

copy of dotC in WT (Section 4.3.2), the copy number of integrated dotC-egfp fragment 

in mutants can be roughly estimated by comparing with the WT. The FJT74 had similar 

band intensity with the WT, thus copy number was considered as one. Moreover, for 

FJT74, there was one band in Fig. 3.7C of the gfp hybridization and two bands in Fig. 

3.70 of the dotC hybridization, this result indicated that the dotC-egfp fragment had 

integrated into D. septosporum genome out of the dotC region. The FJT75 had two 

bands in both in Fig. 3.7C and Fig. 3.70; this result suggested that the dotC-egfp 

fragment had integrated in two different regions and with multiple copies ( -4 copies in 

total). The FJT76 had two weak bands in Fig. 3.7C and only one band in Fig. 3.70, the 

copy number of dotC-egfp fragment might be one and the vector could be integrated 

into the genome randomly. Because the fragment size between two Xhol sites in WT 

(8.7 Kb) is very close to the vector (9 Kb), although the FJT73 had only one strong band 

both in Fig. 3.7C and Fig. 3.70, it was still uncertain to conclude that the dotC-egfp 

fragment had integrated the original dotC region in tandem. However, there was no 

doubt that FJT73 had the vector integrated into the genome with multiple copies (-4 

copies). 
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Figure 3.7: Southern blotting results. 

A: The approximate location of probes used in Southern blotting and the Xhol sites 
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3.4 OBSERVATION OF THE DOTC-EGFP MUTANTS 

In addition to observing the DotC-eGFP fusion protein, the radial growth rates of 

dotC-egfp integrated mutants and WT were also measured to check that the introduced 

construct did not adversely affect the fungus. 

3.4.1 Growth rate of the dotC-egfp integrated mutants 

The radial growth rates of the dotC-egfp integrated mutants (FJT73-76) and WT 

(NZE 10) were measured as described in Section 2.12. The results are shown in Table 

3.1. The radial growth of each mutant compared to the WT was analyzed by an unpaired 

T-test (http://www.graphpad.com/quickcalcs/ttest l.cfm). From the results shown in 

Table 3.1 , the FJT73 mutant grew much faster than the WT from day 5 to day 28. The 

FJT74 grew faster than WT in the early stage (day 5), however, from day 18 to day 28 , 

it grew slower than the WT. Similar to FJT74, the FJT75 showed faster growth rate than 

the WT till to day 18, while, it grew slower than the WT at day 28. FJT76 had a faster 

growth rate than the WT by the end of day 18, however, eventually the FJT76 showed 

no growth difference to the WT at the end of day 28. Overall there is no consistent 

trend to suggest that the presence of the dotC-egfp fusion gene affects growth rate. 

Table 3.1 Radial growth of dotC-egfp integrated mutants 

Sdays Udays 18days 24days 28days 

Strains Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

(mm ) (mm) (mm ) (mm) (mm ) 

NZElO (wild type) 3.68 ± 0.24 7.27 ± 0.76 13.33 ± 0.67 19.52±1.53 22.76±1 .58 

F]173 5.40±1 .18 11.37 ± 1.82 17.12 ± 1.64 22 .37 ± 1.83 24.89 ± 1.79 

F]174 4.35 ± 0.20 7.45 ± 0.59 13.36 ± 0.49 17.54±1 .38 20.64±1 .12 

FJT75 4.64 ± 0.60 7.98 ± 0.66 14.17±0.96 18.26±1 .15 20.61±1 .23 

FJ176 4.52 ± 0.57 9.36 ± 0.80 14.74±1 .50 20.27 ± 1.66 22 .36 ± 1.37 

All strains had 9 replicates; 

* : indicates the data statistically significant when comparing mutants with wild type within each column. 
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3.4.2 Observation of the colonies and spores of the dotC-egfp integrated mutants 

The colonies of all the dotC-egfp integrated mutants were checked under the 

fluorescence microscope to determine the expression of the eGFP protein (Section 

2.11.1). Fig. 3.8 shows green fluorescence emitted from the colonies of the FJT73 and 

FJT75 mutants. The green fluorescence of each colony was concentrated mainly in the 

actively growing margins of the colony. FJT75 showed stronger fluorescence than the 

FJT73 under same exposure time. The WT colony did not show any image under this 

exposure time. 

Figure 3.8: The green fluorescence of the FJT73 and FJT75 colonies. 

FJTI3 FJTIS 

The spore suspension of each strain was observed under fluorescence microscopy 

(Section 2.11.1) to confirm whether the green fluorescence was stably expressed in each 

dotC-egfp mutant. In Fig. 3.9, The WT strain can only be seen under longer exposure 

time. A mutant (FJT22), in which a constitutively-expressed egfp gene (vector pPN82) 

was transformed into the D. septosporum genome without dotC fusion, is shown as a 

control (Schweim, 2007). In this strain, the eGFP protein has very bright fluorescence 

and can be observed throughout the spore. The spores did not show strong green 

fluorescence in FJT73, 74 and 76, even though the Southern results showed that FJT73 

had multiple egfp copies. The fluorescence in FJT75 was unevenly distributed, which 

indicated the heterogeneity of GFP expression. 
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Figure 3.9: WT and egfp containing mutants under normal microscopy. 

WT egfp alone FJT73 

FJT7-t FJT75 FJT76 

3.4.3 Observation of the mycelia of the dotC-egfp integrated mutants by confocal 

microscopy. 

The method fo r preparation of cultures to be examined was described in Section 2. 11.2 

and spore suspensio ns of each sample were used fo r inoculation. FJT73 and FJT75 were 

se lected for confocal microscopy observation (Fig. 3.10). The green fluorescence of 

FJT75 is located at the edge of each hypha, which suggests that the DotC is associated 

with the plasma membrane. In addition, quite a few strong green fluorescence dots can 

be observed in some hyphae but not all o f them. These dots are localized within the 

cytoplasm and fo rmed a c ircular structure, which suggested that the DotC of FJT75 

could also be localized in vesicles (small) or vacuoles (large). Comparing to FJT75, the 

green fluorescence of FJT73 is mainly located at the margin and septa of each hypha 

and only a few fluorescent vesicles can be observed. Two cross sections are also shown 
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for FJT73 at the two dashed lines level. The white arrows point out a cross section of 

the hyphae. Here it can be seen that green fluorescence formed a hollow circle, which 

indicated that the DotC-eGFP fusion proteins were targeted to the plasma membrane in 

FJT73. From the Southern blot results, the different GFP distribution pattern between 

FJT73 and FJT75 was possibly due to the different vector integration pattern or/and 

different copy numbers. Some hyphal compartments lacked of fluorescence , indicating 

heterogeneity of GFP expression. 
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Figure 3.10: Mycelia of the FJT73 and FJT75 under confocal microscopy. 

FJTI3 

FJTI5 

FJTI3: The green fluorescence is mai nl y located at the margi n and septa of each hypha. Two cross 

sections are shown the two dashed lines level. The white arrows poin t out the cross secti on of the 

hyphae. The green hollow circle indicates that the DotC was targeted to the plas ma membrane. 

FJTI5 : Quite a few strong green fl uorescence dots can be observed in some hyphae. Due to the 

low resolution of the FJTI5 image, the cross secti ons are not shown. 
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3.5 DISCUSSION 

3.5.1 Obtaining the dotC-egfp gene containing vector (pR265) 

The method used for obtaining the vector pR265 was described in Section 3.2. Although 

the who le process seems more complicated than directly c lo ning the dotC-egfp fusio n 

gene into the vector pPN81 , the advantages of this method were: 

1) The pGEM®-T Easy vector has reliable ligat ion efficiency and less insert is needed. 

In order to minimize misincorporation errors, the cyc les of PCR reactions were 

reduced to 20. This relatively low PCR product yield worked well w he n c loning into 

the pGEM®-T Easy vector. 

2) The pGEM®-T Easy vector has blue-white selection function, which is easy for 

transformants screening. In the o riginal method, the pPN8 I vector did not provide 

this pre liminary screening method. 

3) The pGEM®-T Easy vector can be directly used for cloning. There is no need to 

prepare the vector. 

The foremost aim of this part was to obtain a dotC-egfp fus ion gene without any 

amplification errors. The PCR optimization resulted in a lower PCR product yield than 

usual. Therefore, the pGEM®-T Easy vector provided an easy and quick method for 

cloning and verifying the DNA sequences of the dotC-egfp fragment. Once the correct 

fus ion gene was obtained, the rest of the cloning steps would not impact on the 

sequence of this fusion gene. 

3.5.2 Fungal transformation 

In fungal species, the cell wall usually blocks the entry of DNA into the cell. To conquer 

this problem, the protoplast is introduced into the fungal transformation system; it had 
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its cell wall completely removed by enzyme digestion and becomes very sensitive to 

osmotic stress (Bradshaw, 2006). The PEG/protoplasts mediated D. septosporum 

transformation method is a sophisticated method, which optimized by Bradshaw ( 1997), 

Seconi (2001 ) and Teddy (2004). 

There were 23 transformants out of 24 stable hygromycin-resistance co lonies that were 

identified with the dotC-egfp fusion fragment by PCR. By observing the colonies under 

UV light, at least eight transformants had relatively strong green fluorescence. Four of 

these transfo rmants were further confirmed by Southern blotting analysis, they all had 

the integrated egfp fragment although with different number o f copies. The overal l 

transformation frequency was quite high. 

3.5.3 GFP observation in dotC-egfp integrated mutants 

The dotC gene is located in dothistromin biosynthetic c luster and has 25% identity o f its 

am.ino ac id sequence identit y to other fungal MFS transpo1ters, such as the af!f gene 

(Bradshaw et al., 2002). The ana lys is of the putative DotC protein reveals it has 14 

predicted TMDs, which is a typical feature o f MFS transporters (Del Sorbo et al. , 2000). 

Therefore, the dotC gene is postulated to encode a MFS transpo1ter targeted in the 

plasma membrane and invo lved in dothistromin secretion. In this stud y, the DotC 

contro lled eGFP was successfully expressed in D. septosporum and thus the DotC 

localization could be observed using GFP as a marker. 

In dotC-egfp integrated mutants, GFP was firstly observed by checking the colonies 

under a fluorescence microscope. The fluorescences were mainly observed at margin of 

the colo nies (Fig. 3.8) and this phenome non was also fou nd in the dotA-egfp D. 

septosporum mutants by (Schwe im et al. , 2007). In Schwelm's research, real-time PCR 

analyses indicated that the expressio n of dothistromin biosynthetic gene dotA occurred 

at an early stage of growth. This result was consistent with their observation of DotA 

controlled GFP highly concent rated at the growing margin of the colony. However, the 
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real-time resu lt showed that dotC is constitutively expressed over time and has no 

correlation with dotA expression. The constitutively expressed dotC is inconsistent with 

the express ion of DotC controlled GFP mainly at the edges of the colonies. As 

mentioned in chapter one, expression of GFP requires oxygen; this is why difficulties 

were encountered when using GFP in the studying of anaerobes (Tsien, 1998). 

Considering the oxygen metabolism in these growing mycelia, enhanced GFP at the 

colony margin might reflect the more active metabolism occurring in the young hyphae. 

Alternatively, there may be some post-transcriptional control of dotC which means the 

protein is not constitutively produced. 

The confocal image o f FJT73 provided strong evidence suggest ing that DotC is 

associated with the plasma membrane. An analysis using pTARGET program (a 

computationa l method to predict the subcellu lar localization o f proteins) suggested that 

the nat ive DotC protein was predicated to be a plasma membrane protein with I 00% 

confidence (Schweim, 2007); this was consistent with the results obtained in this 

research. In add ition, fluorescent dots were also observed in some hyp hal compartments 

in both strains, particu larly in FJT75. Based on their shape, they are postulated to be 

ves icles or vacuo les. The dotC is a putative MFS transporter encoding gene, prev ious 

researchers reported that some MFS transporters were located in the vacuo lar membrane 

(Chiou and Bush, 1996; Shimazu et al., 2005). These findings could suggest that the 

DotC also has relat ionship with the vacuo lar me mbrane. However, in Schwelm's 

research, green fluorescent vesic les were also observed in DotA-contro1led GFP mutants. 

By using FM4-64, which sta ined endocyt ic vesicles and vacuo lar membranes, he fo und 

that these dots indeed overlapped with FM4-64 stained endocytic components. 

Therefore, he suggested that these dots represent the DotA controlled GFP targeted to 

organelles but which kind of organelles was uncertain. Since dotA is a putative 

ketoreductase gene and has no relationship with the cell membrane, the bigger green 

fluorescence dots observed in dotC-egfp mutants are more likely the vacuo les just 

containing the DotC-eGFP proteins (possibly are going to be degraded due to 

overproduction by the multiple copies of integrated DotC-eGFP proteins). The smaller 
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dots could be the vesicles invo lved in protein sorting. Although the pTARGET program 

gave a hint that the native DotA protein was predicted to be located at peroxiso mes; 

more solid experimental evidence is needed to support those hypotheses. 

Similar research has been carried o ut to examine the subcellular localization of aflatoxin 

biosynthetic enzymes. Lee et al. (2004) reported that Nor-1 and Ver-I were primarily 

localized to the cytoplasm and OmtA was possibly located to vacuoles. In addition, the 

VBS was found that distributed throughout the cytoplasm and concentrated in ring-like 

structures surrounding nuclei (Chiou et al., 2004). However, the relationship between 

the enzymes' function and subcellular localization was unclear. 

It is uncertain why there was heterogeneity of GFP expression in hypha. The poss ible 

reason might be due to an impaired ability of some cells to express gfp and the fusion 

constructs (Chung et al. , 2002). However, the membrane localization of the DotC-eGFP 

does support the hypotheses that DotC is a membrane transporter protein. 
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CHAPTER FOUR: DOTC GENE DISRUPTION 

4.1 INTRODUCTION 

The putative dotC gene is proposed to encode a MFS transporter and may participate in 

secreting the dothistrom.in toxin and/or as a self-protection function fo r the fungus to 

res ist its own toxin. In chapter 3, the localization of the DotC protein was observed 

under confocal microscopy us ing GFP as a marker. The results indicated that the 

DotC-GFP fusion proteins were main ly targeted to the plasma membrane of D. 

septosporum. To continue studying the biological funct ions of the dotC gene, targeted 

gene disruptio n provides a powerfu l method by a reverse genetic approach. A dotC gene 

disruption vecto r was constructed and the phenotype of dotC gene-disrupted mutant(s) 

were characterized after this disruptio n vector was transfo rmed into wild type D. 

septosporum. 

4.2 CONSTRUCT THE DOTC GENE DISRUPTION VECTOR 

The dotC gene disruption vector was constructed using the Multisite Gateway 

Three- fragment Vector Construction Kit (Invitrogen). The whole cloning procedure was 

composed of fo ur steps and is outlined in Figs. 4. 1 and 4.2. 
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4.2.1 Step 1: Producing attB attached PCR products 

As shown in Fig. 4.1, the 5 'element and 3'element regions that flank the dotC gene 

were amplified by PCR, using D. septosporum strain NZE8 genomic DNA as the 

template. The nucleotide sequence of the two primer sets is shown in Table 2.2 and the 

precise location of these primers is shown in Fig. 4 . lA. For amplifying the 5 ' element 

region of the dotC gene, an attB4 site was attached to the 5 ' end of the primer 

dotC5 ' fwd and an attB 1 site was added to the 5' end of the primer dotC5 ' rev (see step 1 

in Fig. 4.2). Thus, a 1. 1 Kb DNA fragment (Fig. 4 .1B, lane 1), which included a 48 bp 

DNA fragment at the 5 ' end of the dotC open reading frame (ORF), was obtained by 

PCR amplification using Platinum® Taq DNA Polymerase High Fidelity (In vitro gen). 

For amplifying the 3' element region of the dotC gene, attB2 and attB3 sites were also 

added to the 5 ' ends of the primers dotC3 ' fwd and dotC3 ' rev, respectively (step 1 in Fig. 

4.2). Then a I Kb DNA PCR product (Fig. 4. 1 B, lane 2), which included a 456 bp DNA 

frag ment at the 3' end of the dotC ORF was obta ined. Since the whole ORF of dotC 

gene is about 1.9 Kb in length, if the 48 bp 5' arm and the 456 bp 3' arm keep intact in 

the subsequent recombination reaction in D. septosporum, the remaining approximately 

1 .4 Kb coding region of the dotC will be replaced by the hygromycin (hph) gene 

cassette ( the selectable marker). 

Figure 4.1: PCR products of S'and 3' elements of the dotC gene. 

A I 90-l 
dotDORF dmC ORF • dotB ORF 

........ ......... ,Tc:m:m;;::::a--------· ······ ·· ·---· · .... -
.... 5 · element ._ + 3 · eleme nt + 

dotC5"fwd dotC5'rev dotC3'fwd dotC3'rev 
(- 108 1) (48) ( 1449) (244 ) 

A: The schemati c positi on of the primers used for amplifi cati on of the dare 5 ' 

and 3' e lements. The first nucleotide in the dare ORF is marked as number I and 

the las t nucleotide is marked as number 1904. Each primer 's position is indi cated 

with the number below the primer's name. 

B: Gel photo of the PCR products. Lane M: the I kb plus ladder; Lane I: I. I kb 

5 ' e lement of the dare gene amplified by primers dotC5 ' fwd/ dotC5 ' rev; Lane 2: 

I kb 3' element of the dare gene amplified by primers dotC3' fwd/ dotC3 ' rev. 
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Figure 4.2: Experimental procedure for constructing the disruption 

a11B4+ 
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1.1 kb 

dotC 
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1 kb 

l Clone PCR products to pGEM-T easy vector l 
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~ X X X BP recombination 
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attP3 attP4 

pDONR P4-Pl R pDONR P2R-P3 
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DotCJent (pR262) 

I Step 4 I 
DotCSent (pR261 ) 
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lwh cassette 
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a uB:,4 ,!S!!!' !!!el!!len• ,e• n•t_ c_u_rBI hph cassette au82 3 ' eleme nt 01183 

pR260 

Primer name ____,. Primer and ampli ftcacion direcci on 
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4.2.2 Step 2: Cloning the S'and 3'elements into the pGEM®-T Easy vector 

The PCR products of 5 ' and 3' e lements of the dotC gene were then purified using a 

PCR purificat ion kit (Qiagen) and ligated individua!Jy into the pGEM®-T Easy vecto r 

(Promega) prior to BP reco mbination (step 2 in Fig. 4.2) . The plasmids containing the 5 ' 

and 3' elements were iso lated individually and sent for ON A sequencing to confirm that 

the correct 5 ' and 3' elements had been clo ned into the pGEM®-T Easy vector. 

4.2.3 Step 3: BP (attB: attP) recombination to generate entry clones 

The vectors conta ining the 5 ' and 3' e leme nts fl anked with the attB sites were 

subsequently reco mbined with their corresponding pDONR TM vectors by BP 

recombination reactions (Section 2.4.3. 1; Fig . 4 .2 step 3). Table 4.1 shows the 

corresponding vector pairs in the BP reactions and the names of the final entry clones. 

After BP reactions, the mixtures were cleaned using a PCR purification kit (Qiagen) and 

e luted into 30 µl e lution buffer (Qiagen). An a liquot of lµl of e ither the 5 ' element or 3 ' 

element purified BP reaction product was transformed into Top 10 £. coli competent 

ce!Js (Section 2.5. 1. 1) using kanamyc in (fina l 50 µg/ml concentration in each LB plate) 

as a selectable marker. Positive control (pMS/GW vector, which is supplied within the 

Invitrogen Gateway kit) and negative cont rol (no DNA) transformat ions were also 

included. All transforma nts were screened by colony PCR (Section 2.6.5) using the 

same primer sets used for amplifying the 5 ' and 3' elements. In the 5 ' e lement colonies, 

three colonies were identi fied with positive results out of a total of four co lo nies. In the 

3' e lement co lo nies, all three co lonies tested were positive transformants. The plasmid 

DNA of those colonies was iso lated and reconfirmed by PCR with the same primer sets 

again (results not shown). Therefore, the entry c lones with the 5' and 3' elements of the 

dotC gene had been prepared. 

The selectable gene entry clone, pR225, had been constructed by Teddy (Teddy, 2004). 

This vector was generated by amplifying the hygromycin (hph) gene with attB 1 and 

attB2 attached primers fo !Jowed by recombination into the donor vecto r pDONR 22 l. 

78 



Table 4.1: Construction of the dotC S' and 3' elements containing entry clones. 

PCR products (in pGEM®-T Easy vector) Donor vectors (antibiotic resistance) 

attB4-5' element-attBl p DONR P4-PI R (Kana') 

attB2-3' element-attB3 p DONR P2R-P3 (Kana' ) 

4.2.4 Step 4: LR recombination to obtain the final disruption vector 

Entry clones 

DotCSent(pR261) 

DotC3ent(pR262) 

The LR recombination reaction was carried out as described in Section 2.4.3.2. The 

homo logous att site recombination occurred as shown in Fig. 4 .2, step 4. An a liquot of 2 

µl purified LR recombination product was transformed into Top l 0 £. coli competent 

cells (Section 2.5. 1.1 ) and ampicillin (final 100 ~tg/ m.l concent ration) was added to the 

LB plates for se lection. The transformants were screened using a rapid restrictio n 

endonuc lease (Xbal) digest ion method which involves digestion of DNA in a crude cell 

lysate (Section 2.4. 1 ). From the plasmid map of the final disruption vector (Fig. 4.3A 

and Fig. 4.4), two Xbal sites were expected to give two DNA fragments (2.4 Kb and 4.6 

Kb) after digestion. Thus, as shown in Fig. 4.3B, fi ve transformants (No. 13, 19, 26, 27 

and 28) were identified which matched the expected digestion results. In this gel photo , 

each transfo rmant actually showed fo ur bands. Besides the two expected fragme nts, the 

top band (the largest frag ment) was geno mic DNA of£. coli cells, whilst the second 

largest band, (approximate ly 7 Kb) was probably due to partial digestion of the vector 

(considering the digestion time only was 30 minutes fo r this rapid screening method). 

The digestio n time was 30 minutes maximum in this screening method because lo nger 

digestion may increase the background whe n the genomic DNA was digested, 

preventing c lear visualization of plasmid DNA. 

The transformants No. 19 and 26 were selected and purified by streaking on fresh 

ampicillin-containing LB plates and the plasmid DNA was subseque ntly isolated. The 

isolated plasmids ON A were reconfirmed by PCR, with the primer sets shown in Fig. 

4.3A, and results indicated that the two transformants had the correct PCR products (Fig. 
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4.3C). Moreover, the sequencing result of the plasmid from transformant 19 showed that 

the 5' element, hph gene and 3' element all had been cloned into the final vector with an 

appropriate order and it was selected for further use as the dotC disruption vector 

pR260. 

Figure 4.3: LR recombination 

A. Diagram of the expected LR recombination products and the location of primers. 

x.-- 2.4 Kb --.x 
S'element + ,, h cassette 3'element - - - -dotCS'fwd 5' hph rcv2 :r hph fwd I dotC3'rev 

Approximate positions of pnmers used for screening the 1ransformants are indicated by the lowe r pairs of arrows. X 

indicates the two X/wl sites. 

B. The enzyme digestion results for screening the LR transformants 

DNA in E. coli cell l) saie was d1ges1ed with Xha l. The 2.-l Kb fragment represems the ltph casseu c and 1he -t.6 Kb fragme nt 

represe nts 1hc remaining of 1he dotC d1srup11o n plasmid . 

C. The PCR results for confirmation of plasmid DNA from transformants No. 19 and 26 

3 Kb-+ 

The 19-5' and 26-5' PCR product s were amplified by primers 

doiCS"fwd/5' hph rev2. The 1wo bands were about 2.7 Kb in size. 

which matched the expected results based o n 1he plasmid map. 

The 19-3' and 26-3' PCR product s were amplified by primers 

dotC3" rev/3' hph fwd I. The 1wo bands we re about 3 Kb in size. 

which also matched 1he expected results. 

Lane M : I Kb• ladder : Lane N: negative control without 

1empla1e DNA. 
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4.3 TARGETED DELETION OF THE DOTC GENE IN D. 

SEPTOSPORUM 

The dotC gene was disrupted by transforming vector pR260 into D. septosporum wild 

type strain NZE 10 (Section 2.5.2). The NZElO is the latest isolated D. septosporum 

strain and it was chosen for the transformation due to its consistent production of 

dothistromin in the laboratory. 

D. septosporum transfo rmation was carried out as described in Section 2.5.2. Hundreds 

of tiny co lonies were observed after 7 days incubation at 22°C. However, only a few of 

these continued to grow up to a size of approximately 5-10 mm upon the agar. These 

larger colonies were likely to be true transformants . Approximately 100 larger colonies 

(20 per plate) were transferred onto fresh hygromycin-containing OM or PDA plates, 

which had cellophane on the surface of agar. After two weeks incubation, only 26 

colonies out of 100 had eventually grown up to a size of approx imately 15 mm diameter. 

These were likely to be stable transformants in which pR260 had integrated into the 

genome. 

4.3.1 Screening of dotC deletion mutants by PCR 

The 26 transformants were subsequently screened by PCR. The colony of each 

transformants was divided into two parts using a sterile scalpel and forceps. The smaller 

part of mycelia was sub-cultured into another OM plate and incubated at 22°C; the 

larger part of mycelia was freeze-dried to extract its genomic DNA (Section 2.3.1), 

which was used as the template for PCR screening. In order to check the reliability of 

the genomic DNA isolated directly from colonies, test PCR reactions were firstly set up 

using primer sets applied to originally amplify the 5' element of the dotC gene. PCR 

products were obtained from these templates (results not shown), however, two DNA 

samples only worked after purifying the genomic DNA with a PCR purification kit 
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(Qiagen). 

As mentioned in Section 4.2.1, the partial (-1.4 Kb) dotC coding region would be 

replaced with the hph cassette (-2.4 Kb) only when a double crossover (both in 5' end 

and 3' end) happened by homologous recombination. The two primer sets, which were 

designed to examine homologous recombination both in the 5' element region and 3' 

element region, are shown in Fig. 4.5A. Primer 5' dotD RACE (in the dotD coding 

sequence region) and primer 5' hphout (in the hph gene region) were used to identify 5 ' 

end recombination by producing a 2.1 Kb PCR product as an indication. Primer 

3'hphout (in the hph gene region) and primer 100downdotC-Rep3 (100 bp downstream 

of the 3' element of the dotC) were applied to detect the 3' end recombination by 

acquiring a 1.3 Kb PCR product. The dotC gene disrupted mutant strain(s) should have 

PCR products with correct sizes for both the 5' end and 3 ' end. In contrast with the 

mutant, the wild type D. septosporum genomic DNA was used as a template for the 

PCR reaction with the same primer sets; no PCR products should be observed since no 

hph gene had been integrated into D. septosporum genome in the wild type. 

The isolated genomic DNA (4- 10 ng/ul, usually 1 ul DNA per PCR reaction) of each 

transformant was directly used as a template for PCR screening. In the first round of 

screening, 22 transformants produced the 5' region PCR products, while, only five of 

these produced the 3' region PCR products. This result indicated that five transformants 

were possible double-crossover gene replacement mutants since they had the correct 

PCR products both at the 5' and 3' end. Four of these putative dotC disrupted mutants 

(FJT 15, FJT 16, FJT 19 and FJT 46) were selected for further study ( one transformant 

was eliminated since it had a very weak 3' end PCR product). In addition to these, two 

transformants (FJT42 and FJT43) only had 5' region PCR products and two 

trans formants (FJT79 and FJT80) that had no PCR products in either 5' or 3' regions 

(ectopics) were also chosen for further characterization. All eight transformants were 

subcultured into the DSM plates to undergo the single spore purification process 

(Section 2.2.2.2). This step is essential as primary transformants can often be mixed 
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cultures or heterokaryons. Then, the genonuc DNA of those purified cultures was 

extracted and subjected to the second round PCR screening. As shown in the Fig. 4.5B, 

this second round PCR results showed that only FJT15 and FJT16 out of the four 

putative dotC disrupted mutants still had correct PCR products both in the 5 ' region and 

3 ' regio n. The transformant FJT 19 kept its 3 ' reg ion product but no longer had a 5' 

reg io n product, which indicated that it may be a 3' single cross-over mutant. The rest of 

the fi ve transfo rmants all appeared to be ectopic transformants since they did not show 

any products in either the 5 ' region or in 3 ' the region. The negative control (lane 1) 

without DNA template did not show any products in the 5 ' region a nd in the 3 ' reg ion as 

expected. Another control (lane 2, top panel) using NZEI0 WT genomic DNA as the 

template showed a few smaller s ize PCR products in the 5 ' region. Those products were 

thought to be non-specific PCR products since they did not fit the expected size and all 

the transformants a lso had these same size PCR products. Overall, two dotC disrupted 

mutants (FJT 15 and FJT 16) were identified out of 26 transformants by PCR. 

Figure 4.4: The plasmid map of the dotC disruption vector pR260. 
M13R 
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Figure 4.5: PCR screening of the purified dotC disrupted transformants 

A. Schematic map of PCR screening of dotC transformants 

dntD ORF S'element h h cassette 3'element - - - -5' dotD RACE 5'hphout 3'hphout 100 downdotCRep3 

Primers' posil ions indicated by arrows. 

B. PCR screening results of the purified transformants 

The top panel shows the PC R results for checking the 5' region 

recombinati on. The primer sets used were 5' do1D RACE and 5' 

hphout. Transformants FJTl5 and FJTI 6 had the expected 2. 1 

Kb PC R products. which indicated correct insertion at the 5' 

end of do1C. 

The bottom panel shows the PCR results for checking the 3· 

region recom bination. The primer sets used were 3' hphout and 

100downdo tCRep3. Transformants FJT15. FJT 16 and FJTl9 

had the 1.3 Kb PC R products. which indicated correct insertion 

at the 3' of dotC. 

Only FJTl 5 and FJTl 6 had PCR products in both 5' and :r 
ends. 

Lane M : I Kb+ ladder Lane I : negative control (no D A): 

La ne 2: ZEI0 wi ld 1ype DNA as template 

Lane 3: FJT43 

Lane 5: FJ179 

Lane 7: FJTI6 

Lane 9: FJT41 
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Lane 6: FJT80 

Lane 8: FJTI9 
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4.3.2 Confirmation of dotC disrupted mutants by Southern blotting analysis 

Using the PCR method, two dotC disrupted mutants (FJT 15 and FJT 16) had been 

identified; however, they still needed to be reconfirmed using other reliable methods to 

make sure they were the true mutants. Therefore, Southern blot hybridization was 

applied to further verify whether the 5 ' and 3' region double-crossover had happened in 

the dotC disrupted mutants, and to indicate the copy number of the dotC gene in D. 

septosporum wildtype genome. Three ectopic transformants (FJT42, 79, 80) and one 3' 

dotC integrated trans formants (FJT 19) were included as controls along with the wild 

type (NZEl0). 

The genomic DNA of each transformant or WT were extracted and purified as described 

in Section 2.3.1 and 2.6.6. The DIG-labelled hybridization probe was a 2.1 Kb PCR 

product amplified with primers DotCSE920 and MF4 l 52P2 using NZE IO genomic 

ON A as the template . This probe included the whole dotC ORF region and an extra 165 

nucleotides upstream of the dotC ORF and 70 nucleotides downstream (Fig . 4.6). 

Individual enzyme digestions by KpnI and BamHI were applied to examine changes in 

their digestion pattern before and after homologous recombination. Approximately 2 µg 

digested genomic DNA of each sample was loaded in the agarose gel. The deta il s of 

Southern hybridization are described in Section 2.8 and the expected patterns of 

hybridizing fragment s are shown in Fig. 4.6. 

Fig. 4. 7 A (right panel) shows the Southern hybridization results for KpnI digestion. 

Lanes 2 and 3 are the WT samples, an expected 3.5 Kb band can be observed in these 

two lanes. Lanes 4 (FJT 16) and lane 9 (FJT 15) show a 4.5 Kb band as expected for a 

dotC gene replacement, and confirm the PCR screening results from the last section. 

Ectopic transformants showed a wild type 3.5 Kb hybridization band as well as 

additional band(s) of variable size, suggesting that dotC was still intact in these stains. 

There was no unexpected band observed in WT, FJT 15 and FJT 16, therefore, the copy 

number of the dotC gene in the D. septosporum genome was considered to be one. 
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For BamHI digestion (Fig. 4.7B), there are four BamHI digestion sites. The frag ment 

sizes between each of the digestion site are shown in Fig. 4.6. The site B3 is deleted 

when homologous recombination happens to replace the dotC gene. Then the two 

fragments B2-B3 (0.3 Kb) and B3-B4 (1.7 Kb) are "merged", but s ince the hph gene 

cassette (2.4 Kb) is 1 Kb larger than the replaced dotC coding sequence, thus, after 

homologous recombinat ion, the B2-B4 distance expands to 3 Kb. In terms of the 

hybridization results, two fragments, B2-B3 (0.3 Kb) and B3-B4 ( 1.7 Kb) should be 

detected after hybridization with the DIG-labelled probe in WT and they would be 

replaced by a 3 Kb frag ment in the dotC disrupted mutant after recombination. As 

shown in Fig. 4.7B (right pane l), two bands of 0.3 Kb and 1.7 Kb were observed in the 

WT (lane 2) as expected. In lane 3 (FJT l 6) and lane 8 (FJT 15), as expected, a 3 Kb 

band was found instead of the two 0.3 Kb and l.7 Kb bands. This result confirmed that 

the FJT 15 and FJT I 6 were the two dotC disrupted mutants. The 7 .5 Kb band was the 

B l-B2 fragment which was present in all samples. An unexpected 2.2 Kb band in WT 

(lane 2) may be due to non spec ific hybridizat ion or it could be the product of partial 

digestion (a lthough this band is a little bigger than the B2-B4 fragment ). However, 

when the WT geno mic DNA was again digested with BamHI and hybridized w ith the 

same probe, the 2.2 Kb fragment disappeared (results not shown). Ectopic strains 

showed the WT band ( I. 7 Kb) and some of them also showed a 3 Kb fragment 

indicat ive of section B2-B4 of the vector having integrated elsewhere into the genome. 
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Figure 4.6: Schematic outline of expected Southern blot hybridization patterns 

pR260 (- 7kb) 

lwh cassette (2.4 kb) 1 kb 

A WT g,,omA X r· . . · I .... _1 _. l_k_b_~I l __ d_,_re_ co_d_in~g~s_c~g_ue_n_c_e....:.(_1._4_k_b)'--_~-· _kb __ ...., 

Bl Kl R2 B3 B4 K2 

do1C ORF ( 1.9 kbl 

2. 1 kb 
DotCSE920 MF41 52P2 

B Mutant genome l 
· l ······················ ··· ··· ·········· l ..... _1._1_k_b_~

1 

l ____ ;..:.:1i r.:....}1.:...., c.:..:a:::.s::..;se:..:.u:..::.e....:.<.::.;2·.:....4..;.;k:..::.b.:....1 _____ ___,__-=1-=k=b'--____. 

Bl Kl B2 B4 K2 

D 5' element D hph cassette D 3' element D dare coding sequence - probe region 

K: Kpnl diges ti on sites B: BamHI digestion sites. 

The hybridi za ti on probe was ampli fied using primers DoctSE920/ MF4 I 52P2 . This probe included the whole dare ORF 

regi on and extra 165 nucleotides upstream of the dare ORF and 70 nucleotides downstream. 

Expected hybridization fragment sizes : 

A Wild type: 

B The dotC disrupted mutant: 

BamHI 

81-82: 7.5 Kb 

8 2-83: 0.3 Kb 

8 3-84: 1.7 Kb 

81-82: 7.5 Kb 

82-84: 3 Kb 
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Figure 4.7: Southern blot results to confirm the identified dotC mutants. 

A. Kpnl digestion to confirm the dotC mutants 

Lane I: I Kb+ ladder 

Lane4: FJT l6 (KO) 

Lane7: FJTl 9 (3' ) 

WT 

Lane2 : WT (NZE I 0) 

Lane5: FJTI9 (E) 

Lane8 : FJT 42 (E) 

KO E E 

Lane3: WT ( ZEIO) 

Lane6: FJT80 (El 

Lane9: FJT l5 (KO) 

E KO 

Left panel: Southern blot gel: Right pane l: Southern hybridization X-ray film 

KO: do1C disrupted mutant: E : ectopic mutant : 3 · : 3 · end cross-over mutant. 

B. Bamm digestion to confirm the dotC mutants 

4.5 Kb 

3.5 Kb 

WT KO E E 3· E KO 

Lane I: I Kb+ ladder 

Lane4: FJTI9 (E) 

Lane2: WT (NZE I 0) 

Lane5: FJT80 (E) 

Lane7: FJT42 (E) Lane8: FJTl5 (KO) 

Lane3: FJT l6 (KO) 

Lane6: FJTl 9 (3') 

Left pane l: Southern blot gel: Ri ght panel: Southern hybridization X-ray film 
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4.4 CHARACTERIZATION OF THE DOTC DISRUPTED 

MUTANTS 

Once the dotC disrupted mutants had been obtained, their phenotypes were 

characterized by comparing with the D. septosporum wild type strain. The dotC gene is 

a putative MFS transporter encoding gene and possibly participates in secreting the 

dothistromin toxin and as a self-protection function for the fungus to resist its own toxin. 

Therefore, the toxin production and toxin resistance of the dotC mutants needed to be 

examined to testify whether the dotC gene was truly involved in toxin efflux and the 

effects of the toxin to the mutants. Meanwhile, growth rate and sporulation rate of the 

mutants were measured to check any side effects of the disruption of the dotC gene. 

4.4.1 Growth rate of the dotC mutants 

The radial growth rates of the dotC mutants and WT were measured as described in 

Section 2.12. Two dotC disrupted mutants (FJT15 and FJT16) , three ectopic mutants 

(FJT79, FJT80 and FJT42) , one possible 3' single cross-over mutant (FJT 19) and one 

WT strain (NZE 10) were selected to test their growth rate. The results are shown in 

Table 4.2. From day 5 to 28, the radial growth of each mutant compared to the WT was 

analyzed by an unpaired T-test (http://www.graphpad.com/quickcalcs/ttest l.cfm). 

The WT encountered a lag-phase of growth till day 11, smce its colony size was 

significantly (p<0.0001) smaller than any of the other strains (except FJT 16 at day 11). 

The FJT 15 grew remarkably faster (p<0.0001) than the WT from day 5 to day 18, 

however, from day 18 to 28 there was no difference between FJT15 and WT. The FJT16 

dotC mutants also showed no difference to the WT during these growth periods after 

day 5. FJT79 showed faster growth from day 5 to day 18, but eventually it had the 

similar colony size with the WT. The FJT 19, FJT42 and FJT80 all grew slower than the 

WT by the end of the day 28, although some of them also grew faster than the WT in 
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the early stage due to its lag-phase. In general, two dote disrupted mutants did not show 

statistically significant growth difference to the WT over the 28 days. 

Table 4.2 Radial growth of dote mutants 

Sdays 11days 18days 24days 28days 

Strains Mean :I: SD Mean :I: SD Mean :I: SD Mean :I: SD Mean :I: SD 

{mm) {mm) {mm) {mm) {mm) 

NZElO (wild type) 3.68 ± 0.24 7.27 ± 0.76 13.33 ± 0.67 19.25 ± 1.53 22.76 ± 1.58 

FJTl S (double dotCcroos-over) 4.76 ± 0.26 9.67 ± 0.57 16.05 ±0.87 20.52 ± 0.66 23.32 ± 1.03 

FJTl6 (double dotCcroos-over) 4.47 ± 0.44 7.90 ± 0 .79 14.04 ± 1.23 18.68±1.18 21.27 ± 1.45 

FJTl9 (3' single cross-over) 4.60 ± 0.30 8.18 ± 0.72 14.15±0.76 19.35 ± 1.28 21.26 ± 1.41 

FJT42 (ectopic) 4.48 ±0.22 8.69 ± 0.73 14.39 ± 0.71 19.25 ± 1.28 21.31 ± 1.18 

F]T79 (ectopic) 4.92 ± 0.31 8.42 ± 0.98 14.55 ± 0.53 19.18 ± 1.42 21 .75 ± 1.59 

FJT80 (ectopic) 4.53 ± 0.48 8.02 ± 0.39 13.02 ±0.35 17.79±0.87 20.61 ± 1.33 

All strains had 9 rep! icates, except FJTI9 (8 replicates). 

* : indicates the data statistically s ignificant (p ~ 0.05) when comparing mutant to wild type within each column . 

4.4.2 Dothistromin production of dote mutants 

The dothistromin production of the dote mutants is a critical phenotype, which 

indicates whether the DotC protein is invo lved in toxin efflu x and a lso implicates 

whether dothistromin biosynthesis is affected in a dote mutant. By observing the dote 

mutants and WT colonies on OM plates, as shown in Fig. 4.8 , there was muc h less red 

pigment around the dote disrupted mutant (FJT 15) than the WT and two ectopic 

mutants (FJT79 and FJT42). Both WT and ectopic mutants had a strong red ha lo around 

the ir colonies. Since the red pigment is indicative of dothistromin, the dote disrupted 

mutants seemed to be secreting much less toxin than the WT and ectopic mutants. 
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Figure 4.8: The dotC 

mutants' phenotype 

FJTl 5: the dotCdisrupted mutant. 

FJT42 and FJTI9: ectopic mutants. 

However, visual assessment was not quantitative and did not distinguish between 

reduced biosynthesis or reduced secretio n of dothistromin. Thus, competit ive ELISA 

(Sectio n 2.10) was applied to quantify the production of dothistromin in the dotC 

mutants FJT 15, FJT 16, ectopic mutant FJT79 and WT strain (NZE I 0) both intracellular 

(the dothistrornin concent ration in mycelia) and extracellular (the tox in concentratio n 

from the filt rate in liquid media) of the fungus. To examine the toxin stored in the 

fungus, the co rresponding mycelia of each strain were collected and then freeze-dried 

and their dry weights determined using a fine balance. The toxin was extracted from the 

freeze-dried mycelia using acetone, re-suspended in I 00 µI DMSO (Section 2.9) and 

then quantified with ELISA. To test the secreted toxin concentration, the filtrate of each 

strain was co llected as described in Section 2.2.2.3 and the dothistromin concentratio n 

was analysed using ELISA directly. 

The dothistrornin concentrations of filt rates and extracts from each strain are listed in 

Table 4.3A. Data for the three biological replicates of each strain are shown in this table 

to indicate the wide variability between replicates. Mean data for the toxin 

concentration (ng dothistrornin /mg dry mycelium weight) are shown in Table 4.3B. 

From the unpaired T-test (comparing each mutant to WT), the two dotC disrupted 

mutants, FJT 15 and FJT 16 showed significantly lower toxin concentration both in 

filtrates (7 fold lower of FJT 15 and 19 fold of FJT 16) and mycelia (9 fo ld lower of 

91 



FJT15 and 19 fold of FJT16) than WT. However, the ectopic mutant (FJT79) produced 

significantly more toxin than the WT both in filtrates and mycelia. 

Since different methods were used to collect toxin from filtrates and mycelia, the toxin 

concentrations from these could not be directly compared. It means although the 

dothistromin concentration of each strain in filtrates is remarkably higher than in 

mycelia as shown in Table 4.3B, this might be only due to the inefficient extraction 

method from mycelia. Therefore, the toxin secreted into the filtrate was extracted using 

the same method as used to extract the toxin from mycelia. This trial experiment was 

carried out with strains FJT79 and WT. Five ml of filtrate from each sample was 

freeze-dried overnight and dothistromin extracted by adding acetone. The dothistrornin 

was finally re-suspended into 100 µl DMSO (Section 2.9). In order to account for 

background caused by the DMSO in ELISA assay, a negative control using DMSO only 

was set up, which was diluted with MilliQ water to the same dilution as the DMSO used 

to re-suspend toxin solution during this ELISA assay. The toxin concentrations of the 

filtrates that were quantified using two different extraction methods are shown in the 

Table 4.3C. The dothistrornin concentration in filtrates measured directly by ELISA had 

a much higher toxin concentration (- 150 fold of WT and 340 fold of FJT79) than the 

identical filtrate after acetone extraction. This experiment indicated that most of 

dothistrornin in filtrate was degraded or lost during the freeze-dry step or acetone 

extraction procedure. However, when pigments were visualized in filtrate before 

freeze-drying and in the acetone suspension after freeze-drying, the toxin seemed more 

likely degraded in the freeze-dry step . 
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Table 4.3: The dothistromin production of the dotC mutants. 

A. Replicates data: dothistromin concentration quantified from filtrates and mycelia. 

Dothistoomin from filtrates Dothistromin from mycelia 

Strain • #Dry Dothistromin Dry Dothistromin Dot hist romin Dot hist romin 

(ng/ml LDB) wc ig ht(mg) (ng/mg DW) (ng/ml DMSO) we ight(mg) (ng/mg DW) 

FJTlS-1 2973.8 102.2 727.45 7350.5 39.0 18.85 

FJTlS-2 1714.3 155.0 276.50 4800.1 80.0 6.00 

FJTlS-3 2219.8 122.1 454.50 4747.1 57.5 8 .26 

FJT16-1 2326 .5 345.7 168.25 3420.6 61 .0 5 .61 

FJT16-2 2164.8 317.2 170.62 3091.6 61.3 5 .04 

FJT16-3 2864.9 345.4 207.36 2317 .5 52 .1 4.45 

FJT79-1 59614.3 100.9 14770.64 249336 .3 87.4 285.28 

FJT79-2 50478.9 114.7 11002.38 258853.7 91.5 282 .90 

FJT79-3 52728.3 110.6 11918.69 163687 93.6 174.88 

WT(NZEl0)-1 22595.8 173.3 3259.64 57317.1 54.5 105.17 

WT(NZEl0)-2 26236.9 139.2 4712 .09 48304.8 52 .8 91.49 

WT(NZEl0)-3 13046.9 125.6 2596 .91 50229.0 58.8 85.42 

' : Dry weight (mg. OW) of mycelia per 25 ml LOB broth:#: dry weight of myceli a for dothistromin extract ion. 

The dothistromin concentration (ng/mg. OW) was calcul ated as: 

Oothistromin (ng/mg. OW) = Dothistromin (ng/ml media) X 25 ml (the volume of original inoculation LOB broth) / 

the dry weight of myceli a 

B. The mean dothistromin production per mg mycelium. 

Toxin from filtrates Toxin from mycelia 

Strain Dothistromin production Dothistromin production 
T p T p 

Mean ± SD (ng/mg, DW) Mean± SD (ng/mg, DW) 

FJT15 486.15 ± 227 .13 4.7580 0 .0089 11 .03 ± 6.86 11 .7599 0.0003 

FJT16 182.97±21.93 5.3474 0 .0059 5.03 ± 0.58 15.2118 0.0001 

FJT79 12563.90 ± 1965.24 6.9804 0 .0022 247 .69 ± 62.06 4.1670 0.0141 

WT(NZElO) 3522.88 ± 1081.88 - - 94.03 ± 10.11 - -

Each dotC mutant' s toxin co ncentrati on was compared to the WT by an unpaired T-test 

C. ELISA estimates of dothistromin concentration in the same filtrate using different extraction methods 

Strain' 

WT(NZEl0)-1 

FJT79-1 

Dothistromin (ng/ml media) 

Directly measured 

22596 

59614 

Dothistromin(ng/ml media) 

Measured after acetone extraction 

145 

172 

': The tested strains were the replicate number one of each strai n (refer to Table 4 .3 A). 
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4.4.3 Dothistromin resistance of dotC mutants 

Based on the results shown in Section 4.4.2 , the FJT15 and FJT16 dotC disrupted 

mutants were found to produce much less dothistromin than the WT strain. Besides the 

toxin efflux ability, the dotC gene is also postulated to exert a self-protection function 

for the fungus to resist its own toxin or compete with toxin secreted from other 

organisms. In this section, the radial growth of the dotC mutants (FJT 15, F JT 16 and 

FJT79) was measured in dothistromin containing media to observe any inhibition of the 

mutants. The WT (NZE 10) was measured as a control under same conditions as the 

mutants (Section 2.14). 

When the experiment was in process, an unexpected contamination by another fungus 

happened in some plates. However, this contamination provided a hint that the dotC 

gene may have a role in D. septosporum competing with other organisms. Fig. 4.9 was 

taken after approximately 5 days growth of the dotC mutants and WT in a plate 

containing 14 µM dothistromin. The contaminating fungus appeared to have started near 

the FJT15 inoculum, and totally overgrew the other disrupted mutant FJT16. However, 

the WT and ectopic mutant FJT79 retained their own territory and inhibited the growth 

of the competitor. 

Figure 4.9: Resistance of the dotC 

mutants (FJTlS and 16), ectopic strain 

(FJT79) and WT (NZElO) to a 

contaminating fungus. 
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Due to the contamination, there were four replicates of each strain finally counted in the 

radial growth analysis in this dothistromin resistance assay (Table 4.4A and B). Table 

4.4C shows the mean value of growth rate from day 14 to 27 for each strain. These 

values were also analyzed by unpaired T-tests between the same strain in different 

dothistromin concentration plates (indicated by " 6 ") and between each mutant to WT 

in 14 µM dothistromin (the highest concentration tested) and control plates (no 

dothistromin), respectively (indicated by"*" , Table 4.4C). The dotC disrupted mutants 

FJT 15 and FJT 16 had significantly slower growth rate in dothistromin-containing plates 

than the control plates (refer "6 " in Table 4.4C). The ectopic mutant and WT did not 

show any growth differences between them. 

In 14 µM dothistromin plates, the dotC disrupted mutant FJT 16 showed a statistically 

significantly slower growth rate than the WT from day 14 to day 27 (refer "*" in Table 

4.4C). The other dotC disrupted mutant FJT 15 grew significantly slower than the WT at 

the day 14 time point (Table 4.4A). However, from days 20 to day 27, although the 

mean radial growth values of FJT 15 were smaller than the WT, this was not quite 

statistically significant (at day 20, the P value is 0.0604; at day 27, the P value is 

0.0903). The ectopic mutant (FJT79) showed a significantly slower growth rate than 

WT from day 6 to 27 (Table 4.4A), while its growth rate did not show difference 

between them from day 14 to 27 (Table 4.4C). This implied that the ectopic grew slower 

than WT during day 6 to 14. In control DM plates, there was no growth difference 

between any mutants and WT (Table 4.4B). 
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Table 4.4: The radial growth of dotC mutants in dothistromin containing media. 

A. Radial growth of strains in 14 µM dothistromin. 

6days 14days 20days 27days 

Strains Mean± SD Mean± SD Mean± SD Mean± SD 

(mm) (mm) (mm) (mm) 

NZEIO (wild type) 4.59 ± 0 .50 12.85 ± 0.95 17.00 ± 0.67 22 .25 ± 1.89 

FJTIS (double cross-over) 4.50 ± 0.47 10.25 ± 1.49 14.65 ± 1.93 18.96 ± 2.65 

FJT16 (double cross-over) 4.40 ± 0.30 9 .10 ± 0 .96 12.54±1 .12 16.31 ± 0.46 

FJ179 (ectopic) 4.60 ± 0.34 9.71 ± 0.54 14.40 ± 0.76 18.01 ± 0.89 

· : indicates the data stati sti ca ll y signifi cant when comparing mutants to wild type within each column. (n=4). 

Each do1C mutant' s radial growth was compared to the WT by an unpaired T-test from day 6 to day 27 . 

B. Radial growth of strains in control (0 µM dothistromin) 

6days 14days 20days 27days 

Strains Mean± SD Mean± SD Mean± SD Mean± SD 

(mm) (mm) (mm) (mm) 

NZElO (wild type) 4.65 ± 0.33 11 .58 ± 1.36 16.84 ± 2. 85 21 .84 ± 1.87 

FJTIS (double cross-over) 4.88 ± 0.47 11.00 ± 0.98 16.45 ± 1.66 21.54 ± 1.55 

FJT16 (double cross-over) 5 .04 ± 0.65 10. 82 ± 2. 91 14.98 ± 3.80 19.71 ± 3. 85 

FJ179 (ectopic) 5 .07 ± 0.29 10.73 ± 0 .87 14.80 ± 1.72 19.18 ± 2.11 

Each do1C mutan t's radi al growth value was compared to the WT by an unpai red T-tes t from day 6 to day 27. 

No ign ificant di ffere nces were seen. (n=4). 

C. The growth rate of each strain from day 14 to 27. 

Day 14-27 Growth rate Mean± SD (mm/day) 

Strain 14 µM dothistromin O µM dothistromin 

FJTIS (double cross-over) 0.67 ± 0.09 0. 80 ± 0.04 

FJT16 (double cross-over) 0.55 ± 0.08 0.75 ± 0.12·' 

FJ179 (ectopic) 0.64 ± 0.10 0.67± 0. 11 

WT (wild type) 0.72±0.1 0 0.81 ± 0.08 

· : indi cates the data statisti ca ll y signifi cant when comparing mutants to wild type wi thin each column . (n=4). 

" : indicates the data statisti ca lly s ignificant when comparing the same strain (di ffe rent dothi stromin concentrati on) in 

the same row. (n=4). 
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4.4.4 Sporulation of dote mutants 

In order to test for any effects of the dotC mutation on sporulation rate, the sporulation 

of two dotCdisrupted mutants (FJT15 and FJT16), one ectopic mutant and WT (NZElO) 

were examined (Section 2.13). This experiment was repeated three times . In 

experiments one and two, three colony plugs from the same strain were put into each 

DSM plate, and totally six replicates of each strain in two DSM plates were checked 

(due to the contamination was observed in some plugs, five replicates of each strain 

were finally counted for spores) . In experiment three, one WT, one ectopic mutant and 

one dotC mutant were put in the same DSM plate and seven replicate plates were made . 

In experiment one (Table 4.5), FJT 15 produced significantly more spores than the WT, 

while FJT 16 produced significantly less. However, this finding was not repeated in 

experiment two and three. Combining all the data from the three experiments, there was 

no difference between the mutants and WT. Overall, the dotC mutations had no 

significant effect on the sporulation, however, this could be due to the high standard 

deviatio n between rep licates. 

Table 4.5: Sporulation of the dote mutants 

Strain 
Spores xl04 per ml (Mean± SD) 

Experiment 1 Experiment 2 Experiment 3 Experiment 1-3 (combined) 

FJTlS 
. 
263.8 ± 99.6 164.4 ± 101 .5 64.5 ± 126.7 147.6 ± 136.6 

FJT16 
. 
7.20±7.1 9 159 .8 ± 118.8 164.3 ± 115.5 116.8 ± 117.7 

FJT79 568 .8 ± 645 .9 203.6 ± 161 .5 53.86 ± 78.95 249.4 ± 403 .0 

WT 96 .2 ± 45.5 119.2 ± 114.1 163.3 ± 164.8 132.4 ± 124.9 

' : indicates the data statisticaLl y signifi cant when comparing mutants to wi ld type within each column. 

(Experime nts one and two, n=S : experiment three, n=7) 
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4.5 DISCUSSION 

4.5.1 Construction of the dotC mutants 

In this project, the MultiSite Gateway system provided a reliable and efficient cloning 

method to construct the dotC disruption vector. In terms of the construction method, a 

few aspects are discussed as follows: 

1) Length of the homologous region. The 1.1 Kb (5 ' e lement) and I Kb (3' element) 

homologous regions used for construction of the dotC mutants only gave two mutants 

obtained out of 26 transformants. Previous research found that the recombination 

efficiency was related to the length of the homologous region of the circular vector 

DNA. The longer homologous region used in the disruption vector, the more correctly 

targeted mutants could be obtained (Bird and Bradshaw, 1997). For instance, Choquer et 

al reported that 16 mutants out of 41 transformants were obtained when the 2.6 Kb and 

1.6 Kb homologous regions had been used for CTBJ gene disruption (Choquer et al. , 

2005). 

2) Position of the homologous region. As mentioned in Chapter one, the dotC gene is 

located in mini cluster one and flanked with two putative dothistromin biosynthetic 

genes, dotB and dotD (Fig. 1.3). In this case, none of the dotC-associated homologous 

regions used in the replacement vector overlapped with coding sequences of dotB and 

dotD, due to sufficient length of the flanking sequence of the dotC ORF (Fig. 4.2A). 

This was good because the possibility of other genes being affected during the 

homologous recombination was reduced. In some circumstances, if homologous regions 

are inevitably overlapped with other genes, they must be precisely amplified and 

sequence checked to avoid any nucleotide changes of other genes after homologous 

recombination due to PCR amplification errors. 

3) Modifications of the construction method. Differing to the manufacturer's 
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instructions, the 5' and 3' elements of the dotC were ligated into the pGEM®-T Easy 

vector prior to BP recombination (Section 2.4.3.1). This alteration is due to a previous 

study (Teddy, 2004) , which indicated that recombination between circular DNA was 

more efficient than with linear DNA. In addition, based on the optimization study by Jin 

(2005), a PCR purification kit was used instead of adding proteinase K to stop the BP 

and LR recombination reactions. 

4.5.2 Characterization of the dotC mutants 

4.5 .2. l Dothistromin production 

The reduction of dothistromin production was the most predominant phenotype of the 

two dotC disruption mutants (FJT 15 and FJT 16). Compared to the wild type, the 

dramatic dothistrornin reduction was observed not only in the filtrates but also in the 

toxin extracted from mycelia. This result provides ev idence to suggest that the dotC 

gene product may have a role in dothistrornin secretion. In addition, it also indicates that 

reduction of toxin secretion raised a negative feedback signal to decrease the toxin 

production in fungu s. However, unlike the pksA (a polyketide synthase gene) disruption 

mutant in D. septosporum, which totally blocked the synthesis of dothistromin 

(Bradshaw et al., 2006), the dotC mutants still have detectable toxin secreted out of, and 

accumulated in, the fungus. This confumed that the dotC gene product, a putative MFS 

transporter, was not essential for dothistrornin synthesis. 

In this experiment, the ectopic mutant (FJT79) showed a significant increase in toxin 

secretion and accumulation in fungus. The reason is unclear since in ectopic mutants, 

the exact effects of the randomly integrated vector are hard to predict. 

Although the toxin concentration cannot be directly compared between the filtrates and 

mycelia as mentioned in Section 4.4.2, their relationship still can be estimated by a ratio 

of dothistromin concentration in filtrate to mycelium (Table 4.6) . This value fluctuated 
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from 36 to 50 in these four stains, which implied that the dothistromin accumulated in 

the fungus maintained a relatively constant range over the toxin secreted out the fungus. 

Furthermore, comparing the toxin concentration of each strain to WT both in filtrate and 

mycelium (Table 4.6), the two dotC mutants had a similar level of toxin reduction in 

both filtrate and mycelium ( 7.2 and 8.5 ofFJT15; 19.3 and 18.7 ofFJT16). While, the 

ectopic mutant (FJT79) had a similar level of toxin increase in filtrate and mycelium 

(0.28 and 0.38). Overall, Table 4.6 suggests that the dotC mutants still keep a biological 

homeostasis in dothistomin amount between intracellular and extracellular environment. 

Possibly the accumulation of the toxin in cells subsequently raised a negative feedback 

signal to reduce toxin production. Finally the toxin amount both in mycelium and in 

filtrate dropped to a corresponding level. Meantime, the amount of toxin accumulated in 

and secreted out maintained a relatively constant ratio. In contrast to the dotC, in the AF 

gene cluster, a MFS transporter encoding gene (aflT) deleted mutant produced 

comparable aflatoxin to the ajlT-non-deleted strain (Chang et al. , 2004). 

Table 4.6: Ratios of dothistromin levels WT: mutant. 

Doth of WT : each Doth of WT : each Doth filtrate : mycelium 
Strain 

mutant (in filtrate) mutant (in mycelium) of each strain 

FJTlS 7.2 8.5 44 

FJT16 19.3 18.7 36 

FJT79 0.28 0.38 50 

WT 37 

4.5.2.2 Dothistromin resistance 

The radial growth is a straightforward phenotype, which indicates a common response 

of fungal species to their environmental conditions. Based on the results from Section 

4.4.1, two dotC disrupted mutants did not show significant growth differences to the 

WT. Similar results were also found in the pksA mutants (Jin, 2005). These findings 

suggested no matter what strains (i.e: WT, the dotC mutants and the pksA mutants), the 
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dothistromin production did not affect the growth of the fungus, at least in the 

laboratory under the conditions used. This result further confirms that dothistromin truly 

belongs to the secondary metabolites, which are "non-essential for growth and 

reproduction of the organisms that produce them" (Martin et al., 2005). 

In addition to functioning as an efflux pump, some MFS proteins also possess a 

self-protection function to resist its own toxin. An example exists in the fungal genus 

Cercospora . The cfp (cercosporin facilitator protein) encodes a putative MFS 

transporter; targeted disruption of the cfp resulted in a drastic reduction in cercosporin 

production and increased sensitivity to exogenous cercosporin (Callahan et al. , 1999). 

To examine the sensitivity of the dotC mutants to exogenous dothistromin, the radial 

growth was used again as an indicator to test any inhibition of fungus growth under 

dothistromin stress. The results from Section 4.4.3 showed that the dotC mutant (FJT 16) 

had a significantly slower growth rate than WT in 14 µM dothistromin containing over 

day 14 to 27, while another dotC mutant (FJT 15) only had a significantly slower growth 

rate from on day 14. Moreover, the two dotC mutants grown in exogenous dothistromin 

containing plates both showed a significantly slower growth rate than the mutants 

grown in control plates (no dothistromin) from day 14 to 27. These results implied that 

the dotC mutants showed more sensitivity to dothistrornin than WT and also showed 

sensitivity to dothistromin when their growth rate was compared to the control plates 

(Table 4.4C). Although the FJT79 (ectopic mutant) grew slower than WT in 

dothistromin containing plates over day 14 to 27, it did not show significantly slower 

growth in dothistromin plates compared to control plates. 

4.5.2.3 Sporulation 

Secondary metabolites sometimes participate m sporulation processes m 

microorganisms, including fungi. Their association with sporulation can be as an active 

factor or simply by being secreted by growing colonies at the approximate time of 

sporulation (Calvo et al., 2002). The pksA mutants showed a significant (60%-70%) 
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reduction of sporulation compared to WT (Jin, 2005). This result indicated that there is 

indeed a relationship between dothistrornin production and sporulation rate in D. 

septosporum. However, although the dotC mutants had a dramatic reduction m 

dothistrornin production, a consistent reduction in sporulation rate could not be 

observed in this project. However there was a high variability of spore counts in 

biological replicates of the same sample, hence none of the mutants had statistically 

significant differences compared to WT (Table 4.5). 

4.5.3 The role of the dotC in D. septosporum 

The ABC and MFS transporters are the two major classes of transporters found in 

bacteria to higher eukaryotes. In filamentous fungi , the most common function of these 

membrane proteins is to transport a wide range of natural and synthetic toxic products 

of either endogenous or exogenous origin in survival mechanisms. In plant pathogens, 

these transporters can play a role as a critical virulence factor by providing protection 

against plant defence compounds or mediating the secretion of host-specific toxins (Del 

Sorbo et al., 2000; Stergiopoulos et al., 2002). 

The dotC gene is located in the dothistrornin synthet ic mini cluster one between the 

putative oxidase gene dotB and the putative thioesterase gene dotD of D. septosporum. 

It is considered to encode a MFS transporter, which may assist in secretion of 

dothistrornin and provide protection against endogenous or exogenous toxins. 

Numerous studies of the functions of MFS transporters have been reported in different 

species, and their functions were not always the same. Table 4.7 summarizes a few MFS 

transporters' functions. 
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Table 4.7: Examples of the MFS transporters' function. 

Name Species Function References 

mgMfsl Mycosphaerel la Strong protectant against natural toxic (Roohparvar et al. , 2007) 

graminicola compounds and fun gicides 

bcmfs I Botrytis cinerea Provides tolerance towards the (Hayashi et al.. 2002) 

camptothecin. cercosporin and fun gicides 

S Iii/ Gibberellafujikuroi ot in volved in gibbere llin secreti on (Yoss et al.. 200 I) 

ctb4 Cercospora 11icotia11ae Responsible fo r cercospori n toxin (Choquer et al .. 2007) 

accumulati on and fun gal virulence 

af[T Aspergillus parasitirns Does not have a significa nt rol e in (Chang er al.. 2004) 

afl atoxin secreti on 

cfp Cercospora kikuchii Required for cercosporin producti on. (Call ahan er al .. 1999) 

resistance and virulence 

roxA Cochliobolus o roxA-di srupted mutants obtained. (Pitkin er al .. I 996) 

carbonwn 

The biological functions o f Dote were investigated by targeted gene disruption in this 

chapter. The copy number of dotC was determined by Southern analysis and the result 

indicated that only a single copy of dotC is present in the D. septosporum genome. The 

reduction of dothistromin production of dotC mutants suggested that the dotC may have 

a role in dothistromin production or secretion. The dothistromin resistance assay also 

suggested that the dotC might be involved in secretion of exogenously supplied 

dothistromin toxin. If the Dote did play a role in toxin secretion, however, this role 

might not be unique. The detectable dothistromin secreted by dotC mutants indicated 

that some other transporter(s) also may participate in the secretion of dothistromin in 

cooperation with the DotC. S. Zhang identified another putative MFS-like transporter 

(0 S28, Table 1.1) in the dothistromin synthetic mini cluster three , but the role of this 

transporter is not yet known (Zhang et al., 2007). 
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CHAPTER FIVE: NOVEL DOTHISTROMIN GENES 

5.1 INTRODUCTION 

Dothistromin shares biosynthetic pathway steps with aflatoxin (AF) /sterigmatocystin 

(ST) and D. septosporum contains homologous toxin biosynthetic genes to the AF/ST 

biosynthetic genes. Previous researchers have found nine genes that are homologous to 

the ir co rrespond ing genes in the AF/ST gene clusters and poss ibly involved in 

dothistromin biosynthesis. However, in contrast to all 25 AF biosynthetic genes tightly 

cluste red in one region of the geno me, the dothistromin gene clusters are separated into 

three mini-clusters (Fig. 1.3). The aim of the work described in this chapter was to 

furthe r identify novel dothistromin biosynthetic genes. This was achieved via PCR 

using degenerate primers designed fro m the amino acid sequences of AF/ST 

biosynthetic proteins. Inverse PCR wa applied to identi fy the flanking sequence of the 

known DNA sequence fro m degenerate PCR products. These sequences were 

subsequently used to screen a partial D. septosporum genomic library; then positive 

clones were sequenced by primer walk ing. 

5.2 IDENTIFICATION OF NOVEL DOTHISTROMIN SYNTHETIC 

GENES 

5.2.1 Design of degenerate PCR primers 

The degenerate PCR pnmers were designed acco rding to the multiple ammo acid 

alignments of the AF/ST synthetic gene products, NorA (AflE)/StcV and VerB 

(AflL)/StcL. The names norA and verB were the original ones used to describe the 

AF/ST synthetic genes. Now, these genes all have their corresponding "aft" and "stc" 

names in AF and ST producing spec ies Aspergillus parasiticus and A. nidulans, 
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respectively (see Chapter one). In this chapter, only the original names are used to avoid 

confusion. The alignment of norA encoded proteins was obtained from A. nidulans 

(GenBank accession number: XP _681074 ), A. nomius (AAS90055), A. oryzae 

(BAC15569) and A. parasiticus (Q00258). The alignment of verB encoded proteins was 

obtained from A. nidulans (XP _68 1082), A. nomius (AAS90059), A. oryzae (BAE71 326) 

and A. parasiticus (AAS660 13). Fig. 5.1 shows the alignment results. 

Befo re designing degenerate PCR primers, the locations of the intron regions in each 

protein 's coding sequence were firstly identified to avoid primers spanning the intron 

region. As shown in Fig. 5.1 , the highly conserved amino acid sequences are highlighted 

with the darkest color and position of each primer is marked under the corresponding 

amino acid sequences. The intron positions of each stain were marked with """ using 

different colors . Table 5.1 shows the detai ls of each degenerate primer used in this 

project. For each gene, two sets of primers were designed to increase the chance of 

success. 

Table 5.1: Degenerate primers for amplifying the norA and verB genes. 

Primer name Amino acid sequence Nucleotide sequence (S'-3') Degeneracy Tm°C 

DgNorA-fwdl GNFIDY(fAN GGCAACTICATHGAYRY GCNAA 384 68°C 

DgNorA-fwd2 DY/!IA FYQG GATGT GCNAAYTIYTAYCARGG 256 66°C 

DgNorA-rev3 YYHMWDFIT GTAGTRAARTCCCACATRTGNACRTA 64 74°c 

DgNorA-rev4 PYYFPYIG CCGATCAC IGGRAA IACRTA IGG 256 68°C 

DgVerB-fwdl HQKYGDTY CACCARAARTAYGG GAYAC GT 256 68°C 

DgVerB-fwd2 YF MAIFD TACTIYAAYATGGC ATHTIYGA 96 60°C 

DgVerB-rev3 PWVDAIHK TIATGAAT GCRTCNACCCANGG 128 68°C 

DgVerB-rev4 MYPAVPGQ TGGCCTGGNACNGCNGGRTACAT 128 70°c 

H:A+T+C; Y:C+T; R:A+G; N:A+G+T+C 
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Figure 5.1 : The multiple amino acid alignments of the Nor A and VerB proteins. 

NorA • • • • : The position of the primers; -+ : the directi on of primer extension. 
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5.2.2 Touchdown PCR using degenerate primers 

The touch-down PCR was carried out as described in Section 2.6.4.1 using NZE 10 

genomic DNA as the template. The two forward primers and two reverse primers in the 

norA or verB gene could give four combinations with different forward-reverse primer 

sets; but only one of the primer combinations gave products of the expected size for 

each of the genes. As shown in Fig. 5.2A, two bands (-0 .6 Kb and 0.7 Kb) were 

amplified with primer set DgNorA-fwdl and DgNorA-rev4 (expected size 0.7 Kb) with 

a final 2.5 µM magnes ium concentration. Primer set DgYerB-fwd2 and DgYerB-rev3 

amplified just an expected l 00 bp product with 3 µM MgCh (Fig. 5.2B). All three 

fragments (100 bp, 0.6 Kb, 0.7 Kb) were purified from the gel (Sectio n 2.3.4) and then 

ligated into the pGEM®-T Easy vector (Section 2.4.2). All other primer combinations 

did not show any expected PCR products and the negat ive result was clean (not shown 

in Fig. 5.2). 

Figure 5.2: Touch-down PCR results using degenerate primers. 

A norA B verB 
A. Using degenerate primers to amplify the putative NorA 

gene. Two PCR products (0 .7 Kb and 0.6 Kb) in lane J were 

am plified with primers Dg NorA-fod l /DgNorA -re,4. 

B. Using degenerate primers to amplify the putative VerB 

gene. T he 100 hp product was amplified with pri mers 

DgVc rB-fwd2/ DgVerB-re\J in lane 7. 

In Fig. A and B. all other lanes were PCR using d ifferent 

primer combinations. Howe,er. none of them had the expected 

products. 

Lane M : I Kb plus ladder: the negative was clear (nm shown). 

DNA sequencing was carried out with primers Ml3 fwd and Ml3 rev (Section 2.7) and 

the sequences of those three inserts were subsequently submitted into BLASTX to 

compare with the database (http://www.ncbi.nlm.nih.gov/BLAST/). BLASTX results 

illustrated that the partial sequences of the norA (or norB) and verB in D. septosporum 
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had been successfully amplified by PCR using the degenerate primers. The 700 bp 

insert (ligated into pGEMT-easy vector as plasmid pR266) produced significant 

alignments with both the norB encoded protein in A. jlavus (AAS89996. l ; Score: 296; E 

value: 6e-79) and the norA encoded prote in in A. fla vus (AAS90040. l ; Score: 223; E 

value: 9e-57) as well. The I 00 bp insert (ligated into pGEMT-easy vector as plasmid 

pR267) showed alignment with the verB encoded protein in A. nomius (AAS90102; 

Score: 57 .8; E value: 2e-07). However, the 600 bp insert matched a TIM-barrel enzyme 

family protein fro m A. clavatus, (XP _00 1269251 ; Score: 173; E value: 4e-42) which 

ind icated it was only a non-spec ific PCR product. The 700 bp fragment aligned with 

both the NorA and NorB prote ins, since the norA and norB both encode a 

dehydrogenase and have 47. 1 % identity in their amino ac id seque nces. Therefo re, the 

term "norA/B" was used in the fo llowing stages of this research to indicate this nove l 

gene in D. septosporum, although it was more similar to the norB. 

5.2.3 Inverse PCR to determine the whole sequences of the norAIB and verB 

Once the partial sequences of the norA/B and verB were obtained, the flanking 

equences of these known DNA frag ments could be achieved by Inverse PCR (Section 

2.6.4.2). 

The inverse PCR process is illustrated in Fig. 5.3B schemat ically (using enzyme EcoRI 

as an example). D. septosporum NZE8 genomic DNA was d igested individually with 

fo ur restrict ion enzymes: Bamffi , EcoRI, Sa/I and Seal. These enzymes were c hosen 

because there was no recognition s ite of these enzymes in the two identified norAIB and 

verB sequences. This was critical since the ex istence of a recognition site would split 

the internal frag ment after the corresponding enzyme digestion and result in fa ilure of 

PCR due to the separation of the primer set. After purification, the digested ON A 

fragments were ligated using T4 DNA ligase and used as templates (2.5 ng DNA per µl) 

fo r PCR. Inverse PCR was carried out with primer set lnv-NorAfwdl and 

Inv-Nor Arev I (the approximate position and direction of the primers shown in Fig. 
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5.3A, left panel) to determine the rest of the norAIB sequence and the pnmers 

Inv-VerBfwd 1/lnv-VerBrevl (Fig. 5.3A, right panel) to characterize the flanking 

sequence of the verB, using standard PCR conditions (Section 2.6.2). 

Fig. 5.3C and D show the Inverse PCR results for the norAIB and verB respectively. The 

negative control PCR was set up with no template (not shown in this figure and free of 

amplified products). For the norAIB, (Fig. 5.3C), two bands (0.85 Kb and 0.75 Kb) in 

the EcoRI lane and one band (0.7 Kb) in Sall were recovered from the gel (Section 

2.3.4). For the verB (Fig. 5.3D), one band ( 1.5 Kb) in the Sall lane and one band (2.5 

Kb) in Seal were quite clear and thus purified from the gel. Some bands (Fig. 5.30, in 

red circle) with the same size were observed in all enzyme fractions, they probably were 

non-specific PCR products. The five DNA fragments were then ligated into the 

pGEM®-T Easy vector (Section 2.4.2), cloned in E.coli cells and submitted for DNA 

sequencing of the isolated plas mid DNA with universal primers from one end of the 

insert (Section 2.3.2 and Section 2.7). However, the 0.7 Kb fragment of norA did not 

successfu lly ligate into the vector. Thus sequences of the remaining four fragments were 

compared with BLASTX and results indicated that the 0.85 Kb and 0.75 Kb fragments 

had a significant alignment with the NorA/B protein of Aspergillus species. Table 5.2 

summarizes the BLAS TX results of these five fragments. 

Due to the time limitation in this project, the optimization of Inverse PCR for 

characterization of the verB gene did not carry on further. For the same reason, in the 

next section, screening the D. septosporum genonuc library using the DIG-labeled 

probe of the verB also did not proceed. 
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Figure 5.3: Inverse PCR results. 

A 11orAIB 
orAfwdl NorArevl 

,...... 550bp +-, 

••• • L-__ ___,_'100=-=-==="""'==-'flf="'"'=·=----'· •••••• 
...,_i ~ 

lnv-NorAfwdl lnv-NorArev l 

B 
EcoRJ 
~ 

Genomic DNA cut with EcoRI 

Ligation 

..... 

EcoRI 

1 
PCR ~ ..... 

EcoRI 
-+ 

A. The primers· positio ns are indicated as arrows. 

B. The Schematic process o f the lmerse PCR. using EcoRI as an example. 

verB 

• • • • I 00 bp known sequence of l~rB • • • • 

._i 

lnv-VerBfwd I 

11orAIB 

~ 

lnv-VerBrevl 

verB 

C. Inverse PCR products of the norAIB. Three bands (0.85 Kb and 0 .75 Kb from EcoRI: 0.7 Kb from Sal l ) were 

purified from gel for DNA sequenc ing. 

D. ln,erse PCR products of the I erB. Two bands ( 1.5 Kb from Sal l and 2.5 Kb from Sm !) were pun lied from ge l 

for D A sequencing. 

Table 5.2: BLASTX results of inverse PCR products. 

Gene 
Digestion Fragment Aligned protein Genbank accession 

Score E value 
Enzyme Size (Kb) (Best match) number 

NorB (A. 1111111i11s) 128 -le-28 AAS900-l4. I 
norA/8 EcuRI 0.85 Kb 

NorA(A. 110111i11s) 89.4 2e-16 AAS90055.I 

NorB (A. flt11•11s) Ill -le-23 AAS89996.I 
norA/8 EcuRI 0 .75 Kb 

NorA(A. 1w111i11s) 89.4 2e-16 AAS90055.I 

l'erB Sall 2.5 Kb hypot hetical protein (A. 11idulm1s) 195 3e--l8 XP_66 l236. I 

verB Swl 1.5 Kb hypothetical protein (A. nid11la11s) 41.2 4e-06 XP _662946.1 
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5.2.4 Screening the D. septosporum genomic library with a norAIB probe 

In this section, a DIG-labeled probe, which hybridized to the norAIB gene, was used to 

screen an existing size fractionized sub-genomic library of D. septosporum (constructed 

by S. Zhang in this laboratory) to discover some positive clones, which could contain 

potential dothistromin biosynthetic genes clustered with the norA/B. In this project, the 

library screening was carried out in parallel with the inverse PCR to increase the 

possibility to obtain the norAIB gene, and because the inverse PCR described in the 

previous section did not give the full gene sequence. 

The partial genomic library was constructed by cleaving D. septosporum genomic DNA 

with Bamm and Xbal, recovering 10 to 20 Kb DNA fractions from the gel and then 

cloning them into the pBluescript KS (+) vector (construction details see Zhang et al., 

2007). The probe was a 550 bp DNA fragment derived from a PCR product amplified 

with primers NorAfwd 1/Nor Arev 1 (Fig. 5.3A) and labeled using the DIG-random 

primer labeling kit (Section 2.8.1). 

The sub-genomic library contained 10 differently sized DNA fractions (7 from Bamm 

digestion and 3 from Xbal), which were screened by PCR with primers NorAfwd l and 

Nor Arev 1 to determine if they contained fragments with the norAIB gene. The 

templates were prepared by pipetting 10 µl £. coli cells from each fraction to a 

microcentrifuge tube and boiling to release DNA as described in Section 2.6.5. As 

shown in Fig. 5.4A, positive PCR results were found for six of the ten fractions. 

The E. coli cells of three fractions (two Bamffl fractions B 1 and B2; one XbaI fraction 

X3) out of six with positive PCR results were plated. The colony lifts (four replicates of 

each fraction) were prepared as described in Section 2.8.3 and the hybridization step 

was mentioned in Section 2.8.5. After immunological detection (Section 2.8.6), the 

positive colony regions could be determined. However, it still was hard to locate the 

single colony position since the positive dots on the film were usually bigger than one 
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colony, particularly since some of the library plates had about 800- 1000 colonies. Thus, 

all the colonies in the positive region were transferred into a microcentrifuge tube and 

incubated in 1 ml LB broth (AmpR) at 37°C overnight. The £. coli ce lls were diluted 

and spread on LB agar plates to make approximately 20-50 colonies in one plate, and 

then another set of co lony lifts was prepared as described in Section 2.8.3. The 

hybridization and detection steps were repeated as above. This time, a s ingle positive 

colony was easy to pick up acco rding to the location of the positive dots on the fi lm. 

Finally, all posit ive co lonies were confu- med by PCR individually using primers 

NorAfwdl/NorArev l. As shown in Fig. 5.4B, one clone containing plasmid pR268 

fro m Xbal fract ion (X3) was eventua lly identified. 

Figure 5.4: PCR results of screening the D. septosporum genomic library. 

A B 

f
1
rvi' Iii ·ri pR268 

,f R Js-1 
•··• r _,. (;C - , . - . -

;- --' ' ' ,,1 550 ho , . ~ ' 

I • 
-~. 

-~ 
B: BamHI: X: Xba l : Lane M: l Kb plus ladder: 

Lane N: ne,rntive control. 

5.2.5 Sequencing the iso lated clone pR268. 

A. Prelimina ry PC R screen of t he D. septosporum 

geno mic libra ry. PCR "as earned out " ith primers 

No r A fwd I /Nor A rev I. A 550 bp band indicated whic h 

fractions had the ,wrAIB fragment. Six fracuons (BI. B2. 

BJ . B5. X2. X3) had the posni,e results. 

B 1-87 were the seven different! } sized genornic library 

\\1th Be1mHI digestion. X 1-XJ were the three differe ntly 

sized genomic librar} with Xhe1l digestion 

B. Verify ing the probe hybridized colonies with PC R. 

The same PCR reac11ons were carried out as above. Only 

one colony (pR268) gave the 550 bp 11orAIB PCR product 

out of 15 colonies. Negati,e comrol was clear (not shown 

in this figure ). 

The pR268 plasmid that hybridized to norA/B had an approximate 13 Kb insert, thus 

primer walking sequencing was carried out to determine the whole DNA sequence of 

this insert. The norA/B region was sequenced on both strands, the other regions were 

sequenced only on one strand. All primers used for sequencing are listed in Table 2.2. 
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The sequencing result and GC content are shown in Fig. 5.5. There was only one 

putative dothistromin biosynthetic gene (norAIB) found in this - 13 Kb fragment. One 

ATP dependent RN A helicase and two hypothetical proteins were also identified in the 

pR268 (Table 5.3). High GC content was observed in the putative ATP dependant RNA 

helicase ORF. The nucleotide and amino acid sequence of the putative NorNB protein, 

- 1.5 Kb upstream region and - 0.5 Kb downstream region are shown in Fig. 5.6. 

Moreover, Fig. 5 .7 shows the alignment results of the putative NorNB of D. 

septosporum with other NorNB proteins of Aspergillus species. The initiat ion codon of 

the putative NorNB was predicated based on the alignment results and no intron reg ion 

was identified. RACE (Rap id amplification of cDNA ends) can be used to determine the 

5 ' and 3' untranslated regions of the gene. 

Figure 5.5: The sequencing result of pR268. 

A. Schematic positions of each identified protein at pR268. 

NorA/B protein ATP dependant R A h~hcase 

- 3 150-5000 
- 650- 1850 

B. The GC content of the pR268. 

5 100 

Hypothetical protein .. 
- 8050-10350 

1n "10 

H) po1h~1ical protein 

. 12650 
- 12000-end 

A. Arrows re present the ORF region and translation direction of each putati ve protein. The numbers 

indicate the approximate position of the proteins. 

B. The GC content was calculated by R. Bradshaw using the program MacYector. The ··%Ge· is 

indicated on the Y axis. The calculation window was every 50 nucleotides. 
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Table 5.3 BLASTX results of pR268. 

* Gene position Aligned protein Score E value Genbank accession number 

-650-1.850 
NorB (A. fla1'11J) -190 7e-137 AAS89996. I 

Nor A (A. fl(/\'IIS) 369 2e-lOO AAS900-I0.I 

-3. 150-5.000 
ATP dependant RNA helicase (A. rerre11s) 

813 0 XP _00121-1616.1 

-8.050-10.350 hypothetical protei n (A. rerre,1.<) 399 -le- 109 XP_0012 1-1619.I 

-12.000-end h> pothetical protein (A. 11iger) 50A le-0-1 XP _001395 I 56.1 

: Both Nor A and NorB are shown for compari on. Other matches represent top hits. 

Figure 5.6: Nucleotide and amino acid sequences of the putative norA!B. 

1 GCTCTTTACTTACTTGGCTTGACCTGGAGTCGGGTAGCCGTTGGCGCCGTCAAGGCCGTTGGGCGCTGCG 70 
71 CCAGGTACTGGGCCTGGTGCTGGGCCTGGTGCTGGACCACGAGTAGACCCTCTCATGTGTGGTGGAATGT 140 

141 AGGCGGAGCGACCAGCGCCAAAGCCATTTTGCTGTGGGCCTGCGCCGTTCTGTGGAGCGTGCTGCGAATC 210 
211 CTGGAGGGACAGACCGTTCATGTTCAGTTGATCAGCCATATTGGTCTCCTGCCTGTACGGGTCTTCTGGT 280 
281 GGTGTGTTGAGTGTGAATAGAGGTGGTGGGTGAGTGAGTGAACGTCGTTCGGTGAGCGCGCGCGTGTATC 350 
351 GCTGCTAGTAATGTCGATGCCTCTGCTGCAAGAAACAACCTGCAAAAAGAGACGAAAGGAAGAAGCGACG 420 
421 AGTGCGTTCAGTGTCGAACGGAGCGTTGTAAAGACACACGATGGTGGTGGTGATGGTTTTGGAGGAGGAT 490 
491 GTGTTGTACGAAGGCGGACTTCACAAAGTTGTGAGAAAATCTTGGGAAGGGACTGTTCAGCACGCGGCCC 560 
561 GCTCCCCGGAACCTTAATATATGGCGAATCAGAAGCCTTGTCGTGCTTGCCTGCCACCTCAGCACTTCTT 630 
631 CGTGACTGTTTTCCATTCTCTCCTCCTACCAAACATTATCGCTACACTTTGCAGAGCACAGGTCCTGGCA 700 
701 GTCGGGCGACTTACATACGCGGCTGGTCTCGCACACGCATTTTTAACAGAAGCGAACAAAACATGGTCAA 770 
771 CTTCAGCTATTCGCTGCAAGTTTCCGATAACGCCACTGACAGAGAACGTTGAACGCTTTCGCGCTGCTGA 840 
841 CGTATTCCGATAACTGCTTCAACATCAGTCTGCTACGCTCGCATCGAGAAGCCGTGATAGCAAGCATGGA 910 

l'ul II \ II< t,, d, ~ 1, 

911 GAT AA TGAAACAGT ATATGGGACAGGAT ATCGTTGCCTGAA TGCTTTCGr\ TGT.\CG,\CAAATGACAA TCT 980 

981 GA rCGGTATC\CGI\CCATCTGACGCCTTGAGATCAGTCCAGCGTTATCTCAGAGAGCTCAGCTGCGGGTC 1050 
1051 CTTGGTCCTGTCTCGGACGATGTCGATGCATCGAAGGGACTTCTTCAGGTGTGTCTGATACGACACGAAG 1120 
1121 CGTCGTCAAGTCGGATGGCGAGACCAAATCTGCATTCAGCGTCGAGGAATTATTCTGTTTGGAGCGATCT 1190 
1191 TCGCAGAGCAACTACTATCTTTGTGCTACGAAGTCGTAATGTTACTGTAAACCGAATGAGAGATTCCGCG 1260 
1261 CGCGGCCGCGTCTAAGCGCGTTGCCGACCGAATGGCGATCACTGTACAAGGCAGACCCACATGATGTAAC 1330 
1331 AATATGTTACAAGAGTCCAGACATCAAACGCTATGTCCAGCTAACTCCGTCGGTGTTTAGCATCGATTCT 1400 
1401 CCAATTATAGGCTCGATAGATTGTCTTGCATTCCAACCCTTCTTGATTTCATCAGCCTTGCTCTACACTC 1470 

Ko,al con-.en,u, -.equence: 1111 11a11on of 1he 1111rA/B ORl-

147 l TACTGACGGTCCTTCCTCCATCAACACTTTCAGCACAatggcgtctctccgccgaggcttcggctctgat 1540 
M A S L R R G F G S D 11 
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154 1 cagacgacagcttcagacaccaagatgcactaccggcaact cgctccaacggcatcagtccgcgtctccc 1610 

12 Q T T A S D T K M H Y R Q L A P T A S V R V S P 35 

1611 ctctctgcttgggagccatgaacltcggtgaagctcacaaagctcgctacggcgagtgcagcaaggagac 1680 

36 L C L G A M ~ F G E A H K A R Y G E C S K E T 58 

1681 cgcgttctcgatcatggactacttttattcccaaggtggcaacttcatcgacacagcaaatggctatcaa 1750 

59 A F S I M D Y F Y S Q G G ~ F I D T A N G Y Q 81 

1751 gctggagagtccgagcagtgggtcggcgaatggatgaaatctcgcgacaaccgagatgagattgtgcttg 1820 

82 A G E S E Q W V G E W M K S R D N R D E I V L A 105 

1821 cgacgaaatattcgaccggctacatgaaccatgaaaaggalaagatccaaatcaactatggtggcaatLc 1890 

106 T K Y S T G Y M N H E K D K I Q I N Y G G N S 128 

1891 ggcaaagagcatgaaggtctctglcgcggcgtcgctcaagaaacLccaaacgaactacatcgacat tctc 1960 

129 A K S M K V S V A A S L K K L Q T ~ Y I D I L 151 

1961 tacatccaclgglgggaclaclcaacclcgatcccggagctgatgcacagcctgaacgaLcLggtcglcl 2030 

152 Y I H W W D Y S T S I P E L M H S L X D L V V S 175 

2031 clggtcaaglgctatatcttggagtctclgacactccagcgtgggtlglalcgaaggcaaalcaalacgc 2100 

176 G Q V L Y L G V S D T P A W V V S K A X Q Y A 198 

2101 ccgcgaccacggtctgcgccaaltcgtcatctaccaaggcatgtggaatgcagccatgcgggatltcgag 2170 

199 R D H G L R Q F V I Y Q G M W ~ A A M R D F E 221 

2171 cgcgalatcattccca tgtgtcgcgacgagggcatgggtttggctccatatggcacactcggacaaggtt 2240 

222 R D I I P M C R D E G M G L A P Y G T L G Q G S 245 
2241 ccttccagactgaagaaggccgaaagcagcgcgagaaggataatccggggcgcaagtttggtgcgaagtc 2310 

246 F Q T E E G R K Q R E K D X P G R K F G A K S 268 

2311 altgccatacgtcgaagtctcgaaagtgclggagaagctggcgaacgccaaggggaaagccattacagaL 2380 

269 L P Y V E V S K V L E K L A X A K G K A I T D 291 

2381 gtcgcgtlggcatacgtcctgcagaagacgccgtacgtctlcccgatcgtcggtgglcgtaagclggaac 2450 

292 V A L A Y V L Q K T P Y V F P I V G G R K L E II 315 

2451 acatccaaggcaatgtagcagcactccaggtggctttgtcagaggcggaagtggaggaaat tgaggc tgc 2520 

316 I Q G X V A A L Q V A L S E A E V E E I E A A 338 
2521 glatccctlcgalgccggglttccccacacgllcctcagtgggacgctattcgacggtgcaaagccgacg 2590 

339 Y P F D A G F P II T F L S G T L F D G A K P T 361 

2591 gcagcgcaagggccaggggatglgltcttgacgaagtggcaaggcgatattga tlgggtggaggcaccga 2660 

362 A A Q G P G D V F L T K W Q G D I D W V E A P K 385 

2661 aggcgatcagaccgagtgg tcagtgaAAAGACATGCTCTGAAGATTACGACAGTATTTCGGAGAGCATTC 2730 

386 A I R P S G Q * 392 

273 1 GATCAGGAATACGATAAATGCTCAATTCAGTATGTATGTGTAGCGCCGCTTTTAGTAAGCCTTGCGGAAC 2800 

2801 GGCCGTAGAAGCAAGCTTGATGCTGAAGGATCAACTTCAAGCTCTGTATCTCTTGACCCAATTTGGCACC 2870 

2871 ACCCAGCACCTCATCCTACGGAAGTTCTTTTTCCATATTGCCACTCCGCCACTACCTCTCAATCTTTGTA 2940 

2941 CTCTGATAACTCAAGCCAACGATATCTCACAATGTCCCTCCCTCCCGTCCTCGAGGCAATGCTCTAGTCA 3010 

3011 ATCGAGGTAAGCATCGTCCCCCTCTACCAAAGCTCACATTGACCCTCCACAACCAGTGCCTCTTCTCCCT 3080 

308 1 TATCCTCGCCAGACTCCCATGAAAACTCCTCGCCCTCAGCCTCTCCCGCAGCGGAACCGACTCCCTCCGC 3150 

3151 CTTGCCCTTTCAACCCTCAGCACCAAGACATATGCCACAGCCCAACCGTTGCCGGCTCCTCTCCTTCCTG 3220 
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Figure 5.7: The amino acid alignments of the putative NorA/B and partial VerB 
proteins. 

NorA/B 

t--OrA'B-0. rept~ 
f'b'AAparasitcus 
t-.bfS.Aparasitcus 

t-b-Moom 

N<JA'BO. 9:!X~ (86) 
t--OrAAparasiocus (00) 
t-b&Aparasiocus (75) 

NcrA-A.ooms (00) 

N<JA'B-0. 9:!X~(171) 
llb-A-Apara91icus(165) 
t-.bfS.Apara91icus (100) 

!lb-A-And.ms (165) 

NorA/B-D. septosporum (339) 

NorA- A.parasrticus (328) ' 

NorB- A.paras~icus (330) E 
NorA- A.nidulans (329) II' 

The initiat ion codon of the NorA/B was predi cated based on the alignment results. 

Partial VerB 

partial VerB cl D. septo (1) - - - - - - - - - - - - - - - - - - -
Aoryzae (154) M • 

- ~ 

~ 

L--------------
A parasitic us (154) 

Ancmus(154) 
• I • ~=="-.;=· '.rR11· L ; 

Anid.Jans(246) K R' • • ......... ' 
DgVerB- f"d2 DgVerB-re'3 

• • • • : The po ition of the primers: -+: the direction of primer extension. 
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5.3 DISCUSSION 

5.3.1 Obtaining the novel dothistromin biosynthetic genes 

By using degenerate PCR and D. septosporum genomic library screening, two no ve l 

DOTH biosynthetic genes, norAIB and verB (partial sequence) have been identified. 

For norAIB, when comparing the sequence result s from inverse PCR and the degenerate 

PCR clone pR268, inverse PCR did not obtain the whole putative ORF region of the 

norAIB. However, the identified nucleotide sequences of the norAIB from inverse PCR 

exactly matched the norAIB sequences from pR268. From the BLASTX results from 

Table 5.2 and 5.3 , the NorA/B protein of D. septosporum had more similarity to the 

NorB protein than NorA. This was further confirmed by comparison of amino acid 

identity between this putative NorA/B protein to NorA/B proteins of other Aspergillus 

species (Table 5.4). The NorA/B of D. septosporum has 60.7% amino ac id identity to 

the NorB of A. parasiticus, only 45 .9% identity to NorA of A. parasiticus and 43.4% 

identity to NorA of A. nidulans. These findings suggest that the newly found norA/B 

gene is more like ly the norB and not the norA. So far, no evidence supports that D. 

septosporum has both NorA and NorB protein. This is similar to the A. nidulans, only 

norA has been identified in the ST synthetic cluster (Yu et al., 2004b). 

Table 5.4: Amino acid identity of NorA/B between D. septosporum and Aspergillus species 

Amino acid identity NorA/B of D. sep10spor11111 Nor A of A. 11id11/a11s NorB of A. parasiticus 

Nor A of A. parasiticus 45.9 % 65 .3% 47.1 % 

NorB of A. parasitirns 60.7% 45 .6% 

NorA of A. 11id11/a11s 43.4% 

For verB , the degenerate PCR product was only 100 bp, however, it still had high amino 

acid similarity with other VerB proteins of Aspergillus species in the short amplified 

region between the PCR primers (Fig. 5.7). Inverse PCR did not achieve any products to 
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extend this 100 bp frag ment and this is possibly due to the sub-opt imal PCR conditions 

and DNA amount used in ligatio n. An early report demo nstrated that the outcome of 

ligation is affected by the expected DNA size and the amount used in ligatio n 

(Dugaiczyk et al., 1975). Therefo re, further optimizatio n o f ligat ion and PCR conditions 

should be tried. Once a longer fragment of the verB is obtained, the probe can be 

desig ned to screen the geno mic library as same as the norA/B . In this project, inverse 

PCR usually gave quite a few products (Fig. 5.3C, D) and their sizes were variable 

between each independent PCR (results not shown). Only two PCR products fro m the m 

had been cloned and sequenced (Section 5.2.3, Table 5.2) and further characterization of 

othe r products could be done. However, using the probe deri ved fro m the known 100 bp 

verB fragment to screen the geno mic library directly is still an option. 

5.3.2 The possible roles of the norA/B and verB in dothistromin biosynthesis 

The putative NorNB in D. septosporwn has high amino ac id identity to its homologous 

proteins in Aspergillus species. Therefore, the poss ible fu nction of the No rNB in D. 

septosporum can be predicted by studying NorA and NorB proteins in Aspergillus 

species. In the AF biosynthetic pathway (Fig. 5.8), NORA is converted to AYN by 

reductase/ dehydrogenase e nzymes. NorA and No rB part icipate in the reaction a long 

with reductase, Nor- I. De letio n of norA and norB in A. parasiticus, showed no effects 

o n the NORA to AYN reaction or on afl atox in productio n. Yu et al. (2004b) postulated 

that this might be due to the redundancy and compensatio n by the other two NOR 

reductase/dehydrogenases. However, in A. nidulans, disrupt io n of norA (stcY) did not 

impact ST production (McDona ld et al., 2005) either. Therefore, if the Nor N B in D. 

septosporum functions as its homologues in Aspergillus species, de letio n of the NorA/B 

possibly would not affect dothistromin production. Indeed, mo re solid experimental 

evidence is required to characterize the true function of the no rAIB in D. septosporum. 

The verB gene encodes a desaturase (P450 monooxygenase), which converts VERB to 

VERA in the AF biosynthetic pathway (Fig. 5.8). Ke lkar et al. ( 1997) demo nstrated that 
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deletion of verB in A. nidulans prevented ST synthesis and resu lted in the accumulation 

of VERB. Therefore, they suggested that the P450 monooxygenase was required for ST 

synthesis . In D. septosporum, the complete ORF sequences of the verB gene need to be 

identified and its function can then be determined by targeted gene disruption. 

Figure 5.8: The schematic AF biosynthetic pathway 

Acet)!CoA 

+ -+ NORA-+AYN-+HAYN-+OAY~ AYF + H YN-+YHA-+VERB ..,..VERA-+ ST -+OMST 

, • , .. ,..,,c,, I I I 
AF Reductase 

t 
nor-I 

Dehydrogenase 
(deh) drogenase) 

t 
11orA 

Desaturase 

t 
11or8 

t 
verB 

NOR. norsolo rinic acid: A VN. averantin: HA VN. hyd roxyaverantin: OAVN. oxoaverantin: A VF. averufi n: 

HVN. h) droxyvers,c olorone: VH A. versicolorone hemiacetal ac~tate: VERB . versicolorin B: VERA. versicolori n A: 

ST . steri gmatocystin: OMST: o-meth)I st~rigmatoc)stin: AF. anatoxi n 

5.3.3 The dothistromin biosynthetic clusters 

Different to the highl y c lustered AF/ST biosynthetic genes, the dothistromin gene 

clusters are separated into three 1nini-clusters (Fig 1.3). The dothistromin genes are 

separated by other "non-dothistromin" genes. Real time PCR analysis of the express ion 

of dothistromin genes and "non-dothistromin" genes revealed that they had different 

express io n patterns and thus indicated that they were possibly under different regulation 

mechanisms (Zhang et al. , 2007). 

The norA/B containing clone pR268 is the fo urth mini gene c luster iso lated fro m a D. 

septosporum genomic library. Three "non-dothistromin" genes have been identified 

upstream of the putative norA/B ORF. The protein Af!R is considered as an important 

facto r to reg ulate the expression of AF/ST genes. Two possible Af!R binding motifs 

have been fo und upstream of the norA/B (Fig. 5.6), as also found in most of the other 

dothistromin genes. However, only approximate 0.6 Kb sequence downstream of the 
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norAIB ORF was obtained. This short fragment could not provide enough information 

to determine if other dothistromin genes are adjacent to norAIB. Sequence analysis did 

not show any overlapping of the pR268 to the other three mini-clusters. Whether pR268 

is an independent cluster and whether it is located on the 1.3 Mb mini-chromosome 

along with the other mini-clusters will be the focus of future work. 
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CHAPTER SIX: CONCLUSIONS AND FUTURE WORK 

In this research, the subcellular localization of Dote was observed by constructing 

dotC-egfp transformed D. septosporum mutants and the dotC biological function was 

characterized by targeted gene disruption. Two putative dothistromin biosynthetic genes, 

norAJB and verB (partial sequence) were also identified in the D. septosporum genome. 

6.1 LOCALIZATION OF THE DOTC PROTEIN 

Based on the similarity of Dote amino acid sequence to other fungal MFS transporters 

and the typical MFS feature (14 predicted TMDs) existing in the Dote protein, dotC is 

proposed to encode a MFS membrane transporter. The confocal microscopy images of 

two dotC-egfp integrated mutants (FJT73 and FJT75) provided evidence that the Dote 

protein is mainly targeted to the plasma membrane. Green fluorescence was condensed 

in the margins and septa of the hyphae, particularly in FJT73. The cross section images 

of FJT73 clearly showed that green fluorescence formed a hollow circle, which 

indicated that the Dote-eGFP fusion proteins were targeted to the plasma membrane. In 

contrast to FJT73, much stronger fluorescence was observed in FJT75, possibly in 

vesicles, vacuoles or peroxisomes. Based on the Southern analysis, the different 

fluorescence distribution between the FJT73 and FJT75 was possibly due to the 

different integration patterns (i.e. copy numbers or location) of the dotC-egfp constructs. 

Although real-time PeR showed that the dotC gene is constitutively expressed, the 

green fluorescence was also observed in the margin of the dotC-egfp colonies at a high 

level. This suggested that more active metabolism was occurring in the young hyphae or 

alternatively the post-transcriptional regulation occurred so that the Dote protein was 

not constitutively translated. 
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Future work will be focused on more intensive studies of the microscopy images by 

comparing the FJT73 and FJT75 and with other dotC-egfp integrated mutants (with 

different integrated patterns) and using some particular stains (e.g FM4-64) to determine 

what those strong fluorescence dots are. More phenotypes of those mutants can be 

further examined since FJT73 and FJT75 had multiple copies of integrated dotC-egfp 

fusion gene. Therefore, the dothistrornin production, the toxin resistance ability and the 

virulence ability of those mutants are all interesting parameters to further evaluate the 

dotC gene's function . 

6.2 TARGETED DISRUPTION OF THE DOTC GENE 

The biological function of the dotC gene was characterized by targeted gene disruption . 

As a MFS transporter encoding gene, the dotC may be invo lved in secreting the 

dothistrornin and/or as a self-protection function against its own toxin . 

The Southern blotting analysis indicated that dotC was present in a single copy in the D. 

septosporum genome. Two dotC disrupted mutants (FJT15 and FJT16) did not show 

significant growth difference to the WT over the 28 days and also had no significantly 

different sporulation rate to the WT. For the toxin production assay of these two mutants, 

a dramatic dothistrornin reduction was observed both in the filtrates and in the toxin 

extraction from the mycelia when compared to the WT. Furthermore, the two dotC 

mutants had a similar level of toxin reduction in both filtrate and mycelium. FJT 15 had 

- 14% toxin yield in filtrate than the WT and -12% in mycelia. FJT16 had only -5.2% 

toxin yield in filtrate and -5.3% in mycelia. No toxin accumulation was observed in 

mycelia of the mutants. This is necessary for fungal survival since too high a toxin 

concentration accumulated in the cell would be lethal. These results did not provide 

evidence to indicate that Dote protein is involved in toxin secretion, while, it did 

implicate dotC with a role in dothistromin production. At this stage, it is still unknown 

whether Dote protein has a direct effect on the synthesis of the toxin or whether 
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reduced toxin secretion in dotC mutants results in a decreased toxin production due to a 

feedback process. 

The dothistromin resistance assay showed that FJT 15 and FJT 16 had significantly 

slower growth in the exponential phase in the presence of dothistromin than in the 

non-toxin control condition. In addition, FJT 16 showed significantly slower growth 

than the WT with dothistromin. Although FJT 15 had average smaller colony size than 

WT in the exponential phase, this difference was not quite statistically significant (the P 

value was over 0.05 but less than 0.1). These findings suggested that the dotC may be 

involved in secretion of exogenously supplied dothistromin toxin. 

To further characterize the biological function of dotC, future work could be carried out 

as follows: 

1) Examine the expression of other dothistromin genes in dotC mutants by real-time 

PCR to determine any effects on other dothistromin genes due to the dotC 

disruption. 

2) Repeat the dothistromin resistance assay with more biological replicates and using a 

wide range of dothistromin concentrations to get more accurate experimental data. 

3) Competition assay can be done by inoculating the dotC mutants with other fungal 

species to check any inhibition that would be observed in the dotC mutants when 

comparing with the WT. A previous similar experiment showed that the 

dothistromin deficient mutant (the pksA mutant) was remarkably inhibited in its 

growth by other fungal species (Schwelm, 2007). 

4) Repeat the dothistromin quantification by inoculating samples on agar plates in 

order to directly compare levels of dothistromin in mycelium with levels in the agar. 

Acetone extraction can be used to purify dothistromin from agar or from mycelium 

(Chang et al., 2004 ). Then, the dothistromin concentration can be directly compared 

using thin layer chromatography (TLC) or ELISA (since the TLC is a 

semi-quantitative method). Recently, a MFS transporter-like gene ctb4 m 

Cercospora nicotianae has been reported that was responsible for secretion and 
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accumulation of cercosporin. In this research, the TLC was successfully applied to 

quantify the toxin production (Choquer et al., 2007). 

6.3 THE NOVEL DOTHISTROMIN SYNTHETIC GENES 

By using degenerate PCR, the partial sequences of two novel dothistromin biosynthetic 

genes (norA/B and verB) were isolated from D. septosporum genome. The subsequent 

inverse PCR and D. septosporum genomic library screening identified the putative ORF 

of the norA/B. However, the attempts to expand the verB sequence by inverse PCR were 

not successful. 

The putative NorNB is a 393-amino acid-protein postulated to encode a dehydrogenase 

which converts norsolorinic acid to averantin in the early stage of DOTH/ AF/ST 

synthesis. The putative NorNB of D. septosporum has 60.7% amino acid identity to the 

NorB (AflF) of A. parasiticus, but only 45.9% identity to NorA (AflE) of A. parasiticus 

and 43.4% identity to Nor A (StcV) of A. nidulans. 

Two possible aflR regulatory binding sites were found at the upstream of the norA/B as 

in most of the other dothistromin genes. This suggests that the norA/B is co-regulated 

with other dothistromin genes by an AflR-like protein, although an ajlR-like gene has 

not been identified in D. septosporum genome. The genomic library screening result 

showed that the norA/B was located in one end of an isolated -13 Kb clone pR268. 

Three non-dothistromin genes have been found based on the primer walking sequence. 

Sequence analysis did not show any overlapping of the pR268 to the other three mini 

clusters; this finding suggests that the pR268 may be the fourth independent 

mini-cluster and further confirmed that the dothistromin genes are fragmented rather 

than clustered. 

The verB 1s a putative desaturase encoding gene, which converts versicolorin B to 

124 



versicolorin A in the AF biosynthetic pathway. The identified partial sequence from 

degenerate PCR showed high amino acid similarity with other VerB proteins of 

Aspergillus species. 

The identification of two novel putative dothistromin genes reinforces the similarity of 

the dothistromin biosynthetic pathway genes to these of AF/ST. The separation of 

dothistromin genes by non-dothistromin genes possibly suggests that the dothistromin 

clusters represent an ancestral form to the AF/ST (Cary and Ehrlich, 2006). The future 

work will firstly be to identify the ORF of the verB by screening the genomic library or 

by optimized inverse PCR. Secondly, to identify the downstream sequence of the 

norAJB will be very helpful to further study the arrangement of the dothistromin genes. 

Finally, the biological function of these two nove l genes can be characterized by 

targeted gene disruption. 
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APPENDIX I: MEDIA 

All media were pre pared with Milli-Q water and sterilized by autoclaving at 12 1 °C for 15 minutes. Media 

were cooled to a pprox imately 50°C before addition of antibiotics. 

A 1.1 E. coli Media 

Luria Broth (LB ) (g/L): Tryptone (Becton, Dickison and company), 10; NaCl, 5; 

Yeast extract (Becton, Dickison and company), 5. 

LB solid media (g/L): Tryptone, 10; NaCl, 5; Yeast extract, 5 ; Agar, 15. 

Selective LB media 

Supple ments were added at the foll owing fina l concentrations. 

(µg/ mL) Ampici llin, 100; Kana mycin sulphate, 50; isopropylthi o-P-D-galactosidc (IPTG), 30; 5-bromo 

4-chloro 3-indolyl-P-D-galactoside (X-gal), 60. 

A 1.2 D. septosporum Media 

D. septosporum medium (DM) 

(g/L) Malt extract (Oxoid), 50.0; Nutrient agar (Oxoid), 28.0. 

Low D. septosporum Broth (LDB) 

(g/L) Nutrient broth (Oxoi d), 23; Mal t extract (Oxoid), 23. 

D. septosporum Sporulation Medium (DSM) 

(g/L) Malt extract (Oxoid), 15; Yeast extract (BO), 5; Agar, 20. 

Potato Dextrose Medium (PDA) 

(g/L) Potato dextrose agar, 39. 

Al.3 D. septosporum Transformation Media 

D. septosporum Top media (DM Top) 

(g/L) Malt extract, 50.0; Nutrient Agar, 11 .2: Sucrose, 273.9 (0.8 M). 

Osmotically Stabilised DM (DM Sue) 

(g/1) Malt extract, 50.0; Nutrient Agar, 28.0: Sucrose, 273.9 (0.8 M). 
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Selective DSM and DM 

Media used to select for hygromycin resistant D. septosporum transformants 

contained (µg/ml ): Hygromyc in B (Sigma), 70. 
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Appendix II: BUFFERS AND SOLUTIONS 

All solutions were prepared with Milli-Q water and sterilized by autoclaving at 121 °C for 15 minutes, 

unless otherwise stated. 

A2.1 Common Buffers and solutions 

TE Buffer 

10 mM Tris-HCI and lmM Na2EDTA (TE 10: I) prepared from IM Tris-HCI (pH 8.0) and 250 mM Na2EDTA 

(pH 8.0) stock solutions 

1 x TBE Buffer 

89 mM Tris-HCI, 2.5 mM Na2E DTA and 89 mM Boric acid (pH 8.3). 

Ethidiurn Bromide 

Agarose gels were stained in ethidi um bromide prepared as follow: I µI of 10 mg/ml tock per 10 ml of MilliQ 

water to give a final concentration of I µg/ml. 

RNAseA (DNAse free) 

10 mg/mL RNA e was dis olved in 0 .0 IM Sodium acetate (pH 5.2) and p laced in a boiling water bath for 15 

minutes. This was cooled lowly to room temperature and 0. 1 volumes of Tris-HCI (pH 7.-l) added and stored at 

-20°C. 

Gel Loading Buffer (lOx) 

2 M Urea, 50% (v/v) glycerol, 50 mM Tris acetate, 0.4% (w/v) bromophenol blue and 0.4% (w/v) xylene cyanol. 

lxTNE buffer 

10 mM Tris-HCI , I mM Na2EDTA and 100 mM NaCl, pH 7.4. 

Green buffer 

0. 1 M NaCl ; 10 mM Tris-HCI ; I mM EDTA and 0.5%Trito n X-100, PH 8.0. 
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A2.2 Genomic DNA isolation Buffers 

Lysis buffer 

40 mM Tris-Acetate pH 7. 8; 20 mM Sodium Acetate; I mM EDTA; I% S DS. 

CTAB buffer 

2% CTAB (w/v) , 1% PVP40 (w/v), 5 M NaCl, 0 .5 M EDTA, I M Tris-HCI . 

A2.3 Reagents for D. septosporum Transformation 

OM buffer: 

ST buffer: 

STC Buffer: 

40% PEG: 

Glucanex: 

1.4 M MgSO4•7H20, with IO mM Na2HPO4/ I00 mM NaH2PO4 bu ffer, p H 5.8. 

1.0 M Sorbi tol, 100 mM Tris-HCI (pH 8.0). 

1.0 M Sorbitol. 50 mM Tri s-HCI (pH 8.0), 50 mM CaC l2• 

-W g PEG 6000 in I 00 ml STC buffer . 

10 mg/ml in OM buffer. 

A2.4 Reagents for Southern Blotting and Hybridization 

Denaturing Solution: 500 mM NaOH, 500 mM NaCl. 

Neutralising Solution: 500 mM Tris (pH 7.4), 2 M NaCl. 

20 x SSC: 3 M NaCl, 0.2 M lri-sodium citrate, pH 7.0. 

Wash Solution I (low stringency): 2 x SSC, 0 . 1 % SDS. 

Wash Solution n (high stringency) : 0.5 x SSC, 0. 1 % SDS. 

Buffer I : I 00 mM Tri s, 150 mM NaCl, pH 7.5. 

Buffer II : 

Buffer III: 

Antibody solution: 

Stripping buffer: 

I% blocking reagent (Roche Applied Science), in Buffe r I. 

100 mM Tris-HCI, 100 mM NaCl, 50 mM MgCl2, p H 9.5 . 

Anti -Digoxigenin AP di luted I : 10000 in Buffer II . 

0.2 M NaOH , 0. 1 % (v/v) SDS. 
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A2.S Reagents for ELISA 

Phosphate-buffered saline (PBS lOX): 

8% NaCl (BDH), 2.9% Na2HPO4 (BDH), 0.2% KH2 PO4 (BDH), PH 7.4. 

Phosphate-buffered saline plus 0.1 % Tween 20 (PBST): 

Ix PBS and 0. 1 % Tween 20 (Di fco). 

Skim milk powder (BSA): 

I% skim milk powder (Pams), I 'fr PBS and I 9'c thiomersal (BDH). 

Dilution buffer (per ELLSA plate) 

PBS ( 10 x) 8 ml , RO water 32 ml, milk powder 0.8 g, Tween 20 80 µI. 

Dilution buffer and broth (per ELISA plate) 

Diluti on buffer: growth media I: I. 

Working buffer (per ELISA plate) 

Dilution buffer IO ml, DMSO 15 ~ti. 

Working buffer and broth (per ELISA plate) 

Dilution buffer 20 ml , growth media 20 ml, a nd DMSO 40 µI. 

Labeled peroxidase (per ELISA plate) 

Diluti o n bu ffer 198 µI , I0Cl2 (dothistromin ant ibody) 2 µ I makes 100-fold dilution. Add 40 ~ti of above 

dilution to 12 ml dilution buffer (make a final 30,000-fold dilut ion). 
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APPENDIX III: The DOTC-EGFP SEQUENCE 

--------- l--------- 1---------1---------1---------1---------1 
Primer dotCzfl 

1 A TCTTACCATCCCACTCCA TCTCTCCGTCCA TTCTCCTCGTTCACTCCTCTCTCCCTGTC 60 
---------l--------- !---------! ---------1---------1---------1 r Clear sequenci ng result beginning 

61 ACTGACATCQ\CGCTGATCTCGCTTGGCATTGACGGGACAACGCTCTGCATACTCGAACA 120 
---------1---------1---------1---------1---------1---------1 

121 TCTGAGCTTATCCCACGCCGGAGCCCCTACTACATCGTTTGCCATCGTGCATGTCTGTTC 180 
--------- 1---------1--------- 1--------- 1---------l---------1 

181 GCAGGTGATTTTGTCTTGAATAATTGACCAGGCACCCGTGATGAAGTCCTCGAAGATCCA 240 
--------- 1---------1---------1---------1---------1---------1 

241 CACATCGTTCGAAGCCTAGGATGCATTAGTCACATCGCCCTTGCACACATCGCACGTATC 300 
--------- 1---------1--------- 1--------- 1---------1---------1 

301 GGCCAGGTACTGCGAGGGCGCACATGTTTGGATGCCTCATGACTCGGTGCACTTCCCATG 360 
---------1---------1---------1---------1---------1---------1 

361 GTCACGATTCTGGGGCATGTCAATATTCCATCGTGGGTCAGACCTCACGTCTCGATATCA 420 
---------1---------1---------1---------1---------1---------1 

421 CATGGGTCAGGATGAACGGCTTCAGCTGCCATTCTGCGTTGGGAGGCGGAGGCACAGCCA 480 
--------- 1---------1---------1---------1---------1---------1 

481 GCATGGGTACCGTCTGAACGCGTGCCAGACGGGTTCCTCTCAGCTCGTCGATCCTTTCAT 540 
--------- 1--------- 1---------1--------- 1---------1---------1 

541 GTCAACAAGCGAGTCCGCACACCGGACTTTCAGATGTCCATGGCAGCCTTGGCAAAATGC 600 
---------1---------1--------- 1--------- 1---------1 ---------1 

601 GATGGAATTCCTAAGGATTTCATGTCGTTTTGGATTCTGAAATCCGACGTGTCCGCTCAT 660 
---------1---------1---------1---------1---------1---------1 

661 TCTCATCCCGGCGATCCGAGCGTCTGAGACTACGCCATAAGGGTATTAGCGTCACCGCTC 720 
---------1---------1---------1---------1---------1---------1 

721 AGCTGGCTCTCAACCAACCATCGGCTCTGTGGCGCGACCCGATCCCTACCGCAACCTTCG 780 
---------1---------1---------1---------1---------1---------1 

781 ATGACCCTAGATCGAGATGGTGAAGGCCGACAGTGTCGGTCTTGACATTCCAACCAATCC 840 
---------1---------1---------1---------1---------1---------1 

841 CGATTCAGCACGAGCAGTTCGCAGCAGCTGGACATATCTTTCCCCCCTTGCAAGAATGTC 900 
---------1---------1---------1---------1---------1---------1 

901 TCTTGGGGCGAGATATTTCGGTACTGGTTGTTGTGAGATGACGCGCGTGAAATTAGAATT 960 
---------1---------1---------1---------1---------1---------1 

961 CCGCTATAAGGGAGCTAGCTGTATCCTTGGGGGGTGTCGCTGAAGTAGTAAGGAATTGCA 1020 
---------1---------1---------1--------- 1---------1---------1 

1021 GAGGCTACGACCTGGCAATCTTCTCTTGGCAGAGAAATACAGACAACAAACAAGTCGCAG 1080 
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--------- l---------1---------1---------1---------1---------1 
Initiation of dotC ORF 

1081 T AA lGl Cl G ,\ \G ,\CCACACCAAAGCCGACAACTTGTCCGAGAAGGATCCGCATTCACCAG 1140 
---------1---------1 ---------1---------1--------- l---------1 

1141 AGAGGAGTGATAGTAGTAGTCATGAAGATGCTCACGCACGGGAGGAGGAGGAGAGCTCAG 1200 
---------1---------1---------1---------1---------1---------1 

1201 ATGACGATGGAGCGCTGGATGGCAAGCCAGCGAGCTTGATTGCGATTGTGATGATTGCAT 1260 
---------1---------1---------1---------1---------1---------1 

1261 TGTCGGTCAGTCTTCTTCACGATGAGCATGCGATATGGCAAAGCTGATAGGTCTCCAGCT 1320 
---------1---------1---------1---------1--------- 1---------1 

132 1 GGCAGTATTCCTCTCAGCACTCGACACAACCATCGTCACCGTGGCTCTACCAGCCATCTC 1380 
---------l---------l---------1 ---------1---------1---------I 

1381 AGCACATTTCAACTCCACCGCGGCGTACACATGGGTCGGATCCGCATATCTACTTGCCAA 1440 
---------1---------1---------1---------1--------- 1---------1 

1441 CGCAGCTTCAACACCGATCTGGGGAAAGCTCGCCGACATCTTCGGACGCAAGCCGATGCT 1500 
--------- 1---------1---------1---------1---------1---------1 

1501 TCTCCTCGCCAATGCGTTGTTCATGATTGGCTCACTTGTCTGTGCGCTTTCGATCAACGT 1560 
---------1---------1---------1---------1---------1---------1 

1561 TGGCATGCTCATCACTGCTCGTGCCATCCAAGGTGCCGCAGGTGGTGGTCTGTTGACCTT 1620 
---------1---------1---------1---------1---------1---------1 

1621 GGTTGATACTATCATTGGCGATCTGTTCTCCCTCCGGACCAGAGGAACATACTTGGGTAT 1680 
---------1---------1---------1---------1---------1---------1 

1681 GATCGGTGGAGTTTGGGCCATCGCTTGCGCCCTTGGCCCGATCGTTGGAGGTGCCTTTAC 1740 
--------- 1---------1---------1---------1---------1---------1 

1741 TTCTAGTGTGACCTGGAGATGGTAAGTACTATCACGCGCTACATCATGGCAAGAACAGCA 1800 
--------- 1---------1---------1---------1---------1---------1 

1801 AATGGTAACATACTTTAGGTGCTTCTATATCAACCTGCCGATTGATGGACTCGCTTTTGG 1860 
---------1---------1---------1---------1---------1---------1 

1861 CATCATCTTCTTCTTCTTGAAACTGAAGACCCCAAAGACGCCTATACTTGAGGGCTTTGC 1920 
---------1---------1---------1---------1---------1---------1 

1921 TGCCATCGACTGGGCCGGTAGCTTCTTCGTATGTATTCGCCGATACAGTTCGACAGCAAG 1980 
---------1---------1---------1---------1---------1---------1 

1981 CAGACTGACATTTTCGCAGATCATCGGCGGCACTCTTATGTTTCTCTTCGGACTCCAATA 2040 
---------1---------1---------1---------1---------1---------1 

2041 TGGCGGCATCACCTTCCCATGGGACTCGGCGACTGTCATCTGCCTGCTGGTCTTCGGCGT 2100 
---------1---------1---------1---------1---------1---------1 

2101 AGTCTGCATTGTCCTCTTCGGTTTGGTCGAGTGGAAGTTCGCCAGATTTCCAATCATCCC 2160 
---------1---------1---------1---------1---------1---------1 

2161 ACTGCGCCTGTTCCAGTACCGAAACAACTGCGGTGCTTTACTGGTGGCTTTCTTCCACTC 2220 
---------1---------1---------1---------1 ---------1---------1 

The C to T nucleotide alteration 

2221 CTTCGTCTTCATCTCGGCTTTCTACTACTTGCCTTTGTACTTCCAGGCCGTCAAAGGAGC 2280 
---------1---------1---------1---------1---------1---------1 

2281 GACGCCAATTCTGGCTGGTGTCTACATCCTGCCAGCTGTGTTGTCCACAGGTGTCAGCGC 2340 
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---------1---------1---------1---------1---------1 ---------1 
2341 TGCAGCAACGGGAGCGTTCATCGGAAACACCGGCAACTACCTCATCCCCATGTACTTTGG 2400 

---------1---------1---------1--------- 1---------1---------1 
2401 CATGAGTATGATGATCCTCGGCTACGGTCTGCTCATCAACTTCGACGCTGGCTCCGGCTG 2460 

---------1 ---------1---------1--------- 1---------1---------1 
2461 GGCGAAGCTGATCATCTACCAGCTGATCGCAGGTATCGGCAACGGACCAAACTTTCAGGC 2520 

---------1---------1--------- 1--------- 1--------- 1---------1 
2521 TCCGTTGGTTGCACTCCAGACCAAGATCAAGCAGAGCGATATCGCAACCGGCACAGCCAC 2580 

--------- 1--------- 1---------1--------- 1---------1---------1 
2581 TTTCAACTTTGTACGCAACATCGCTACCGCAATCAGTGTCGTGGCTGGCCAAGTCCTTTA 2640 

---------1---------1---------1 ---------1---------1---------1 
2641 TCAGAACCAGCTTAAGAAGATGACCTCTACTCTGCAGCAGCTTGGTCCAGCAGCGTCGCT 2700 

---------1---------1---------1 ---------1---------1 ---------1 
2701 GATTGCCGCAGGTGATGCCGGCGCCAACACCCAGGCGATCAACGCCCTACCTACACCGCA 2760 

---------1---------1---------1 ---------1---------1---------1 
2761 GAGAGACCTTGCAAGATCAGCCATTGCGGATGCACTGTCGCCCATGTGGATCATGTACAC 2820 

---------1---------1---------1---------1---------1---------1 
282 1 GGCTTTTGCAGCGGCAGGACTGTTCTGTATCCTGCTCGTCAGCAAGACTGAGTTGACAAC 2880 

---------1---------1 ---------1 ---------1---------1---------1 
2881 GACCCACGAAGTGACTGAGGTCGGCCTCGAAGCCCAGAAGAAAGCCGAGGCGGAGCGGAA 2940 

---------1---------1---------1--------- 1---------1---------1 
Primers dotCzf2/3 Ini ti ati on of egfp ORF 

2941 AGCAGAGAGACAAGCCAAGGATTTGGAGAAGGCCCJ\MAGTCC \ I (,(,I l, \(,l \ \(,(il,l (, \ 3000 
---------1 ---------1---------1 ---------1 ---------1---------1 

3001 C,G\GCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCA 3060 
---------1 ---------1---------1---------1 ---------1---------1 

3061 CAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAA 3120 
---------1---------1--------- 1--------- 1---------1---------1 

3121 GTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGAC 3180 
---------1---------1 ---------1---------1---------1---------1 

3181 CTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAA 3240 
---------1---------1---------1---------1---------1---------1 

3241 GTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAA 3300 
---------1 ---------1---------1---------1 ---------1---------1 

3301 CTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCT 3360 
--------- 1--------- 1---------1 ---------1---------1---------1 

3361 GAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTA 3420 
---------1---------1---------1---------1---------1---------1 

3421 CAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTT 3480 
---------1---------1---------1 ---------1 ---------1---------1 

3481 CAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAA 3540 
---------1---------1---------1---------1---------1---------1 

3541 CACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTC 3600 
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---------1---------1---------1---------1---------1---------1 
3601 CGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGAC 3660 

---------1---------1---------1---------!---------!---------1 
The stop codonof egfp 

3661 CGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAG'I \ \AGCGGCCGCACTTAACG 3 720 
---------1---------1---------1---------1---------1---------1 

3721 TTACTGAAATCATCAAACAGCTTGACGAATCTGGATATAAGATCGTTGGTGTCGATGTCA 3780 
---------1-----
Primer pPN8 I 2978rev 

3781 GCTCCGGAGTTGAGA 3795 
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APPENDIX IV: SOLVING THE PROBLEMS IN D. 

SEPTOSPOR UM TRANSFORMATION 

Background 

As mentioned in Section 3.3.1, the first attempts of D. septosporum transformation had failed 

due to poor protoplast regeneration. Controls suggested that insufficient protoplasts had 

regenerated even under non-selective conditions. Therefore, the following experiments were 

designed to identify the problem(s) that impact protoplast regeneration. 

Methods and discussions 

Experiment 1: 

Instead of incubation of D. septosporum mycelia with LOB media in 125 ml flask, the 

cellophane was firstly covered on the media of two OM and two POA plates. Mycelia of 

NZE l O strain were resuspended in 5 ml sterile MilliQ water and then spread on the 

cellophane. After 7 days incubation at 22°C, the cellophanes covered with mycelia were 

placed in the Glucanex solution ( 10 mg/ml in OM buffer, 7 ml in each Petri dish) upside 

down. To check whether the OM buffer concentration was appropriate for maintaining the 

protoplast ' s activity , approximately 1.8 ml sterile MilliQ water was added to one of each OM 

or PDA dish, thus the final concentration of this diluted OM buffer was about 80% (80% OM) 

compared with other two undiluted dishes ( 100% OM). The Petri dishes were incubated 

overnight at 30°C with shaking at 100 rpm. After 4 hours and overnight enzyme digestion, the 

protoplast solutions were checked under microscopy to confirm the proper digestion status. 

The protoplast harvesting process was as same as the previous method except only washing 

two times with STC buffer. The protoplast concentration was counted before or after floating 

and the recovery rate was counted as well (Table A4. l). All the recovery rates were quite low, 
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less than 10%, which indicated that most protoplasts had been lost during harvesting. Also , 

the ratio of the protoplasts to spores was counted, which are 3.77: 1 and 1.42: 1 in the floated 

protoplasts and the bottom pellet, respectively. This ratio indicated that a considerable amount 

of protoplasts had been spun down to the bottom as part of the pellet. Protoplasts were plated 

onto osmotically stabilized DM or PDA media. The "OM 100%" plate showed the highest 

protoplast concentration and indicated that the proper medium choice and correct OM buffer 

concentration. 

Table A4.1: The protoplasts concentration before/after floating and the recover rate. 

Protoplast concentration before Protoplast concentration after floating 
Recovery rate 

floating (per ml) (per ml) 

DM 100 % I .55xl08 2 .7x l08 17.42% 

DM80% 5.04xl 07 4.5x l07 8.9% 

PDA 100% 9.6xl 06 9x l 07 93 .8% 

PDA80% I .0xl 07 8x I 07 80% 

The ·'OM 100%" means that the protopl as ts were harvested from the plate that myce li a had been grown on OM medium and 

di ges ted with undiluted OM buffer. The " OM 80%" means that the protopl asts were harvested from the plate that myce li a 

had been grown on OM medium and digested with diluted 80% OM bu ffe r. 

The recovery rate was calculated by the equati on as be low: 

Recovery rate = (Protopl as t concentrati on before fl oating X volume of the protopl ast before fl oa ting) / (Protopl as t 

concentra ti on after fl oating X fi nal volume of the pro topl as t). ln this experiment. the volume of the protopl as t before fl oa ting 

was 5 ml : the fin al volume of the protopl as t was 0 .5 ml. 

Based on the protocol, protoplasts are usually mixed with STC buffer and 40% PEG before 

transformation. Thus, the STC buffer and PEG are the two most important suspects to impact 

the protoplasts regeneration. In this experiment, protoplasts (OM 100%, 2.7xl08 

protoplasts/rnl) were diluted either with STC buffer or with 40% PEG and 100µ1 of above 

dilutions were spread directly or embedded with the OMsuc top agar onto DMsuc medium. 

Table A4.2 shows the regenerated protoplast counts in those different dilutions. From the 

results, the 40% PEG appears to affect the regeneration of those protoplasts since all counts in 

PEG dilutions were much less than in STC buffer dilutions both in the spread or embedded 

plates. I also found that the counts in the embedded plates were less than the spread plates in 

the same dilutions. This showed that the lower counts in embedded plates might affect the 
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Experiment 2: 

To further confirm the effect of our stock 40% PEG in the transformation, fresh 40% PEG 

solution was prepared and further stock was borrowed from another lab for comparing with 

the old stock PEG. The protoplast harvesting process was as same as the experiment one 

except the spin speed was reduced to 3000 rpm in both floating and washing steps in order to 

find the protoplasts yield in different spin speed. The final dilution fold of the protoplasts in 

usual transformation is less than 0.08 (80 µl protoplast plus 920 µl PEG). A further 10-fold 

dilution was made with the STC buffer. Table A4.3 shows the protoplasts yield in this 

experiment. The overall yield of the pro top last was less than in experiment one. Although the 

spin speed was changed, however, it seemed that the speed did not affect the yield of floated 

protoplasts (at least between the 5000rpm and 3000rpm) as similar protoplast:spore ratios 

were seen in both experiments. Table A4.4 clearly shows that the old 40% PEG dramatically 

decreased the regenerated protoplast counts both in spread and embedded plates. Moreover, 

the relatively high concentration PEG (12.5-fold) could kill more protoplasts than the lower 

concentration PEG (125-fold). 

Table A4.3: Some general values of the protoplasts in experiment two. 

The protoplasts concentration (per ml) Protoplasts/ spores ratio 

Before floating After floating Floated protoplasts pellet 

7.9xl07 6.7xl07 3.1 1.7 

Recover rate: 8.5% 
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Table A4.4: Regenerated protoplast counts. 

A: Protoplasts spread on DMsuc medium 

Old 40% PEG counts Fresh 40% PEG counts 

Dilution factor Plate I Plate2 Plate I Plate2 

12.5 90 140 Numerous umerous 

125 350 400 umerous Numerous 

Colonies/ ml 4.7x l05 -

Regeneration % 0.70 -

B: Protoplasts embedded in DMsuc top agar. 

Old 40% PEG counts Fresh 40% PEG counts 

Dilution factor Plate I Plate2 Plate I Plate2 

12.5 None one umerous Numerous 

125 300 600 

Colonies/ ml 3.75x l0 5 7.50xl 0 ' 

Regeneration % 0.56 I. I 2 

Conclusion 

Other lab's 40% PEG 

counts 

Plate I Plate2 

umerous ume rous 

400 380 

4.9x l0 5 

0.73 

Other lab's 40% PEG counts 

Plate I Plate2 

Numerous Numerous 

500 

6.25xI 0 ' 

0.93 

From the above two experiments, the 40% old PEG was the crucial facto r that decreased the 

effic iency of protoplast regeneration, particularly at high concentratio ns of PEG. The 

embedded protoplasts did no t regenerate as well as the spread protoplasts; however, 

embedding is not the critical facto r for transfo rmation. 
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APPENDIX V: PLASMID MAPS 

Maps of plasmids used that were not shown before in this study. Vectors used m "Gateway 

system" can be referred to manufacturer ' s instructions. 
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FigureA5.2: eGFP vector pPN8 I 

(Schweim. 2007) 
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FigureA5 .4: pAN7- l vector (Punt 

and Vandehondel , 1992) 




