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ABSTRACT

AMPLIFICATION AND ISOLATION OF A FRAGMENT OF
LACTATE DEHYDROGENASE GENE FROM Rhizopus oryzae
USING RT-PCR
Hakky, Erdogan E.

M.S., Department of Biotechnology

Supervisor: Assist. Prof. Dr. Mahinur S. Akkaya

Co-Supervisor: Assist. Prof. Dr. Ufuk Bakir

September 1997, 131 pages

In this study, the amplification and the cloning of a fragment of Idh
gene coding for lactate dehydrogenase (LDH) enzyme from Rhizopus
oryzae, a filamentous fungus, was fulfilled. R. oryzae is an organism of an
industrial importance due to its use in lactic acid and enzyme production. In
order to understand mechanism and regulation of lactate dehydrogenase gene
in a way of improving the yield of lactic acid production in R. oryzae, the
isolation and determination of the nucleotide sequence of the active site of

the Idh gene was required.



By searching GenBank and other databases, hundreds of sequences
from different living systems have been reached and it is confirmed that,
there were neither amino acid sequence nor DNA sequence data on fungal
species of any type of ldh. There are number of highly conserved regions in
the lactate dehydrogenase of many living organisms that were compared
(above 40). The most conserved regions were selected as PCR primer target
regions. By analyzing different genes from Rhizopus species, the codon
usage in Rhizopus sp. was determined and based on which the primers were
designed. Thus, using Reverse Transcriptase-Polymerase Chain Reaction
(RT-PCR) technology, a fragment of the gene was amplified. The band,
detected by ethidium bromide staining on an agarose gel, was isolated and
blunt-end cloned into a vector. DNAs of the recombinant plasmids,
possessing the Idh gene fragment, were isolated. They are currently being

analyzed in nucleotide sequence level.

As an alternative approach to direct PCR amplification of the
fragment of the gene using degenerate primers, an LDH specific probe was
prepared to fish out a fragment of the gene. The Idh gene of Lactococcus
lactis was chosen for preparation of a probe using the homologous primers
based on the DNA sequence data. We have also attempted to isolate Idh

gene from Saccharomyces cerevisiae C468.
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Rhizopus oryzae, fungi, DNA probes.



0z

RT-PCR METODU KULLANILARAK Rhizopus oryzae’DAN
LAKTAT DEHIDROGENAZ GENININ BIR PARCASININ
AMPLIFIKASYONU VE iZOLASYONU
Hakki, Erdogan E.

Yuksek Lisans, Biyoteknoloji Bolimi

Tez Yoneticisi: Yar.Dog¢.Dr. Mahinur S. Akkaya

Ortak Tez Yoneticisi: Yar.Dog¢.Dr. Ufuk Bakir

Eylul 1997, 131 sayfa

Bu c¢aligmada, filamentli (ipliksi) bir kif olan Rhizopus oryzae’dan
laktat dehidrogenaz (LDH) enzimini kodlayan /dh geninin bir boliimiiniin
amplifikasyonu ve klonlanmas: gergeklestirilmistir. R. oryzae organik asit ve
enzim uretiminde kullanimi dolayistyla endiistriyel onemi olan bir
organizmadir. R. oryzae’da laktik asit Uretiminin arttirilmasina yol acacak
laktat dehidrogenaz geninin mekanizmasinin ve regiilasyonunun anlagilmasi
icin, I/dh geninin aktif bolgesinin izole edilip sekansmn belirlenmesi

gerekmektedir.

Genbank ve diger DNA dizilim bilgi bankalarmin taranmasiyla,

birbirinden farkli yiizlerce canli sistemden sekanslara ulagilmig ve fungus
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turlerinin /dh geni ile ilgili ne amino asit sekansinm ne de DNA sekans
bilgisinin var oldugu goérilmiistir. Cok sayida canli organizmanin (40’m
uzerinde) kargilagtirilmastyla laktat dehidrogenaz’da, bityiik olgiide korunmusg
bolgelerin varlig: tespit edilmistir. Bunlarin en fazla korunmus kisimlari PCR
primerleri i¢in hedef bolge secilmistir. Rhizopus tirlerinden gesitli genlerin
incelenmesi ile, Rhizopus’ta kodon kullammi belirlenmis ve buna bagh olarak
primer sekanslart olusturulmugstur. Boylece, RT-PCR teknolojisi kullamlarak
genin bir bolimi cogaltilmigtir.  Agaroz jelinde etidyum bromur ile
goruntilenen PCR {irGni, jelden band izole edilip vektore klonlanmgtir.
DNA, Idh gen pargasimi igeren rekombinant plasmidlerden izole edilmistir.
Bu DNAlarin (/dh gen pargasimin) niikleotid diizeyinde incelenmesi devam

etmektedir.

Dejenere primerler kullanilarak genin bir boliminiin direkt PCR
amplifikasyonuna alternatif bir yaklagim olarak, genin bir kismim izole etmek
amact ile Idh’e 6zel bir prob hazirlanmistir.  DNA sekans bilgilerine
dayanarak homolog primerler kullanilmak suretiyle prob hazirlamada L. lactis
Idh geni kullanilmugtir. S. cerevisiae C468’den Idh geninin izolasyonuna da

caligmustir.

Anahtar kelimeler: RT-PCR, primer tasarim, Idh, L-laktat dehidrogenaz,

Rhizopus oryzae, kif, DNA problari.
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CHAPTERI1

INTRODUCTION

A fragment of Idh gene, coding for the catalysis of pyruvate to lactate
or the reverse reaction in anaerobic conditions, was tried to be RT-PCR
(Reverse Transcriptase Polymerase Chain Reaction) amplified from the
industrial microorganism R. oryzae, with the purpose of analysis of the

enzyme catalytic mechanism and the isolation of the whole gene.

1.1. Rhizopus oryzae

R. oryzae is a microscopic filamentous fungus of an industrial
importance belonging to the phycomycetes (primitive fungi), subclass
zygomycetes, the members of which have been used in solid-state
fermentation for several centuries, even millennia, especially in Asia (China,
Korea, Japan, Indonesia, Malesia, Singapore, Java, etc.) in the preparation of
fermented foodstuffs (Soccol ef al., 1994, Kinghorn and Turner, 1992). The
members of phylum zygomycota produce a thick-walled resting spore called

a zygospore. Most zygomycetes produce a well-developed mycelium.



Motile cells are absent in the zygomycetes. Generally asexual reproduction
occurs typically by the production of sporangiospores (Appendix I). The
group zygomycetes have the orders entomophthorales, endogonales and
mucorales. R. oryzae belong to the family mucoraceae from the order
mucorales. This family has important species of Mucor and Rhizopus due to
their use in fermented foods (tempeh, sufu, lao-chao, alcohol, etc.) and the
production of organic acids (lactic acid and fumaric acid)
(http://kcgll.eng.ohio-state edu/~ce_teguh/). Rhizopus species secrete a
large number of extracellular enzymes and they have been widely utilized in
the Chinese fermentation industry. For a long time Rhizopus is a promising
safe organism to be used as a host for the synthesis of valuable proteins
because of its ability to secrete proteins and also its culture supernatant from
wheat bran has been used as a commercial digestive in Japan. Beyond its
ability to enhance the digestibility and protein content of foodstuff, Rhizopus
also prevents the formation of toxic substances such as aflatoxin B;. It is
also known that, Rhizopus sp. have the production ability of a number of
anti-carcinogenic substances as well as an antibiotic which is extremely
active against numerous Gram-positive bacteria (Soccol et al, 1994).
Rhizopus grows very rapidly in certain directions in a filamentous form

(Appendix II), called cell-tip growth (Kinghorn and Turner, 1992).

Some recent studies related to R. oryzae are on binding of metal ions

and removal of metal ions from environment, on converting of phosphate



rock and agricultural products into fertilizers, on cyanide degradation and
glucoamylase production on cassava, on fermentation of xylose to glycerol,
on enzymatic degradation of a model polyester by lipase, on the role of
cytochrome P450 (11-Alpha) in detoxification of steroids and on many other
topics (Soccol ef al, 1994). Due to the applications of molecular
techniques, such as transformation of Rhizopus species using drug-resistance
genes as dominant selectable markers, studies have shifted towards
" molecular levels and a number of industrially important enzymes have been
cloned (Kinghorn and Turner, 1992). Two chitinases from R. oligosporus
(Yanai et al., 1992), aspartic proteinase from R. miveus (Horiuchi et al.,
1988), lipase from R. delemar (Haas et al., 1991), lipase from R. niveus
(Kugimiya et al., 1992), glucoamylase from R. oryzae (Ashikari et al., 1986)
have been successfully cloned and sequenced. Our interest on R. oryzae
comes from its ability of lactic acid production (Soccol ef al., 1994; Hang et

al.,1989).

1.2. Lactic acid and its applications

Lactic acid is a very abundant substance in nature and is synthesized
in almost all living systems including human, animals, plants and micro-
organisms. It occurs in L(+) and D(-) forms in nature, but since human and

animal cells can synthesize only the L(+)-lactate dehydrogenase enzyme that



lead to the synthesis of related acid only the L(+)-lactic acid is metabolized in
these cells. This is why, if a lot of D(-)-lactic acid is consumed by man and
animals it will lead to its accumulation in the blood and subsequently will

acidify the urine and/or it will result in decalcification (Soccol ez al., 1994).

Lactic acid, together with acetic acid, is the most widely employed
food preservative and is used in fermented milks, fruits, vegetables, meats,
- and bread since ancient times without any understanding of its chemical
nature. Lactic acid is discovered as the “acid of milk” by Carl Wilhelm
Scheele in 1780 and this is followed by the works of Louis Pasteur, Joseph
Lister, and Max Delbriick which resulted in the identification of the lactic
acid bacteria as the microorganisms involved in lactic acid fermentation
(Litchfield, 1996). Lactic acid bacteria can live in whatever the habitat is
when most of the substrate pyruvate is converted into lactate. Although
there are other pathways that the bacteria can use, which do not lead to lactic
acid production, they hardly ever use these energetically inefficient pathways
and only if the NAD-dependent LDH activity is inhibited. In such
conditions, lactic acid bacteria can grow very slowly. The name of the acid
is derived from the Latin word for milk (lac) because when the raw milk is
soured naturally, the lactose used by the bacteria is mainly transformed into
lactic acid (Garvie, 1980). Early studies on lactic acid production by
fermentation were conducted in Europe, but the first commercially

manufactured form of calcium lactate took place in the United States in



1883. Although the first commercial productions were through fermentation
this trend was replaced by the chemical production of the lactic acid which
resulted in pure enough and low cost production of the acid. However,
during the past few years interest has shifted to the production of lactic acid
by fermentation. This is mostly due to the strict regulations against
environmental pollution (due to the chemical synthesis of lactic acid),
especially in the developed world, like “Clean Water Act and Effluent
Limitations Guidelines” that was put into power by the Environmental
Protection Agency of United States, which is a drawback of chemical
synthesis. In addition, the development of lactic acid-based biodegradable
polymers basically for medical applications, as well as enhanced awareness
and sensitivity of consumers on using environmentally safe products has
increased the interest on the microbiological production of lactic acid

(Litchfield, 1996).

Lactic acid is a natural organic acid with a long history in the food,
leather, wool-dyeing and cosmetics industries. Long before it became
commercially available, lactic acid was formed by natural fermentation in
products such as cheese, yogurt, soy sauce, sour-dough, meat products,
pickled vegetables, beer and wine. Animal and human bodies also produce
significant amounts of L-(+)-lactic acid during daily activities such as

walking and running. Today, lactic acid, its salts and esters are extensively



used in food, chemical, cosmetic and pharmaceutical industries (Litchfield,

1996).

Most applications of lactic acid, are used for improving the quality of
a variety of foods and for controlling microbial growth. The proposed
mechanisms for the action of lactic acid on controlling microbial growth are,
one being its ability to pass across the cell membrane in its undissociated
form, dissociate within the cell and acidify the cell interior and the other
being its ability to lower the water activity (a,,). As it has been mentioned
above, lactic acid is a commercially important compound, finding broad
usage in diverse fields of industry other than the food sector, including
chemical, textile industries as well as in cosmetics and pharmacy (Soccol et
al., 1994). They are also used as emulsifiers, humectants, pH regulatory,
flavor enhancers, firmer agents, and improver of microbial quality as
coloration inhibitors in numerous foodstuff. It is also known that lactates are
the most commonly used chelators in foods (Shelef, 1994). Sodium lactate,
is used extensively by the processed meat and poultry industry to give
products an extended shelf life and enhanced flavor and to provide better
control of food-borne pathogenic bacteria. Calcium lactate and magnesium,
ferrous, zinc and manganese lactate enrich products such as sport and health
drinks, fruit juices, diet foods and infant formulas. Their neutral flavor,
stability and high bioavailability make them the preferred choice.

Formulating salad dressings with lactic-acid-based acidulants results in



products with a milder flavor while maintaining microbial stability and safety.
Lactic acid is effective in preventing the spoilage of olives, gherkins, pearl
onions and other vegetables preserved in brine. The stability of the brine is
ensured and the taste is improved. Formulating hard-boiled candy, fruit
gums and other confectionery products with liquid lactic acid results in a
mild acid taste and low inversion levels. The bulk sweetener lactitol affords
major opportunities for all kinds of sugar-free products. Lactic acid is the
preferred acidulant in delicately flavored soft drinks and fruit juices. Its
natural presence in dairy products, combined with the dairy flavor and good
antimicrobial action of natural lactic acid, makes it the preferred acidification
agent for many dairy products. Lactic acid are used to fortify milk and
fermented dairy drinks. Lactic acid are used for direct acidification in the
production of sourdough. It is a natural sourdough acid which gives the
bread its characteristic flavor. Their natural occurrence in meat and dairy
products makes lactic acid and its salts an attractive way to enhance savory
flavors. Natural chemicals are increasingly being used in many types of
technical products and processes. Their main functions or properties are
those of: Descaling agents, pH-regulators / pH-buffers, neutralizers, chiral
intermediates, solvents, cleaning agents, slow acid release agents, metal
complexing agents, anti-microbial agents, humectants. Natural lactic acid
products are also used in pharmaceutical-medical applications like in the
preparations of deficiency therapies. Calcium, magnesium, zinc and iron

lactates are used in such therapies (http://www.purac.com/products.html).



Lactate is also one of the most widely used agent for the cultivation of

dissimilatory sulfate reducers (Hansen, 1994).

It seems likely that lactic acid is going to play an even increasing role
in the near future for industrial operations. Polylactic acid, having lactic acid
as a precursor, is a biodegradable substitute for petroleum plastics, hence its
use will overcome environmental pollution to a certain extent (Soccol ef al.,
1994). The lactic acid is separated from the fermentation broth and
polymerized to form polylactic acid. Polylactic acid undergoes hydrolytic
degradation into environmentally and biologically friendly oligomers of lactic

acid end product, which are also known to promote plant growth.

Polylactates are currently used in surgical and orthopedic devices as
bone clips and sutures. Current trends in orthopedic practice and research
suggest that polylactic acid (PLA), polyglyconic acid (PGA) and their
copolymers may enjoy widespread application in the future. Potential
applications include bone fixation devices-such as plates, screws, pins and
nails but also scaffolds for soft and hard tissue repair. These biomaterials
degrade in vivo by hydrolysis into lactic acid and glyconic acid, which are
then incorporated into the tricarboxylic acid cycle and excreted. PLA-PGA
polymers are also likely to find increased applications in the form of fibers
and composites to aid in the normal healing of tendons, ligaments and bone

as well as applications in formulating drug delivery vehicles (Athanasiou and



Niederauer, 1996, Mider et al., 1996, Gogolewski and Mainil-Varlet, 1996;
Landry, 1996). Biodegradable polymers have been used as substrates for
hepatocyte, fibroblast, chondrocyte and osteoblast cultures. Polymeric
scaffolds have been used to create cartilaginous implants with specific,
reproducible three-dimensional shapes. Such polymers are now being
considered as supportive substrates for retinal pigment epithelium (RPE) cell
culture and transplantation. The transplanted polymeric support should be
~ resorbed, leaving RPE cells in the proper orientation. Polylactic acids and
their derivatives seems to have suitable applications in all these procedures
mentioned (Thomson ez al., 1996). Poly(a-hydroxy) acids also serve as
carriers for bone morphogenetic proteins (Hollinger and Kam, 1996). It is
also believed that the polymer cost will dictate the usage of polylactates in

coatings, binders, and Ag-mulch applications (Raghavan, 1995).

Lactic acid is mainly produced by homofermentative lactic acid
bacteria in commercial scale but other production systems are also
investigated. Deguine and Barre, 1994, have described the transformation of
a Saccharomyces cerevisiae strain with the gene coding for L(+)-LDH from
Lactobacillus casei. The multicopy plasmids expressed the gene under the
promoter of yeast alcohol dehydrogenase and converted the glucose to both
ethanol and L(+)-lactate (up to 20 % of glucose to L(+)-lactate). Such

mixed fermentations are desirable for industrial applications such as brewing,



cider making, and baking where acidification is necessary during alcoholic

fermentation.

R. oryzae was suggested to produce lactic acid in large quantities and
thus is a promising producer. In a study conducted by Hang et al., 1989,
the ability of calcium alginate entrapped R. oryzae cells to retain their
catalytic activity for a long time and in repeated batch fermentations of L(+)-
lactic acid production from glucose without any loss of activity, was
presented. In contrast, free cells lost their activity totally in the same time

period. The highest yield (72%) was obtained from the immobilized cells.

1.3. Lactate Dehydrogenase

One of the enzymes that is involved in lactic acid synthesis is Lactate
Dehydrogenase (LDH). LDH is a well-studied enzyme due to its importance
in almost all living systems. It functions at a critical point in the anaerobic
breakdown of carbohydrates leading to lactic acid production (Figure 1.1).
However in completely anaerobic conditions, lactic acid production in R.
oryzae is decreased due to the inappropriate consumption of glucose. This is
suggested to be due to the importance of aeration of the moistened media in

solid state fermentation.

10
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Overall reactions of anaerobic metabolism:

Glucose + 2ADP + 2Pi —> 2Lactate+ 2 ATP
Glucose + 2ADP+ 2Pi ——> 2Ethanol+ 2CO;+ 2ATP

Figure 1.1 Anaerobic breakdown of carbohydrates and LDH
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Aeration controls the medium humidity and heat release of the metabolism,
and provides O, supply for the growth of the fungi. Thus, while with an
aeration of 20 mL/min the maximum lactic acid production was observed, an
approximately 35 % decrease in the production was detected with an
aeration rate of 100 mL/min. This was suggested to be related with the
increase in the aerobic respiration rate of the fungus with lowered lactic acid
production. Actually, lactic acid is not the only end product of fermentation
of R. oryzae, but considerable amounts of fumaric acid and ethanol are also
detected. Basically the culture conditions dictate the kind and amount of the
end product observed in fermentation. While the investigations related to
fumaric acid are quite limited, the lactic acid path is searched in numerous
systems. LDH activity is related to the existence of pyruvic acid and to the
co-factor NADH. When the amount of reduced cofactors (such as NADH,)
are decreased or the cytochrome oxidation is increased LDH activity might

be decreased (Soccol et al., 1994).

Since LDH is such a critical enzyme, there are numerous studies on a
wide range of subjects with various living systems most of them granting
sequence information on the gene coding for this enzyme. Partial amino acid
sequence data from S. cremoris US3 was obtained quite early (Crossley ef
al., 1979). L-(+)-LDH of Pediococcus acidilactici was cloned, sequenced
and transcriptionally analyzed by Garmyn et al., 1995. Contag ef al., 1990,

have cloned the Idh gene from C. acetobutylicum B643 and expressed in E.
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coli.  Mouse Idh-A functional gene has been sequenced, exon-intron
organization of the gene was compared and molecular nature of spontaneous
mutation was searched (Fukasawa ef al., 1987). Hillman et al., 1990, have
cloned and expressed the ldh gene of S. mutants. Nucleotide and amino acid
sequences of chicken LDH-A was also determined (Hirota et al, 1990).
Iwata et al., 1989, have determined the amino acid residues in the allosteric
site of L-LDH from B. longum, while Kaushal et al., 1993, have determined
the amino acid sequences of the N-terminus of Plasmodium knowlesi. Mayr
et al., 1982, were the team that worked on the subunit composition and
substrate binding region of potato L-LDH. The contribution of a buried
aspartate residue on the catalytic efficiency and stuctural stability of Bacillus
stearothermophilus Idh gene was studied by Nobbs ef al., 1994 and the
effects of threonine 246 at the active site of the gene was determined by
Sakowicz et al., 1993. Substitution of the amino acid at position 102 with
polar aromatic residues was also studied by David ef al., 1994. Amino acid
substitution effects were also studied by Clarke er al., 1986, 1987, 1989.
Sakai et al., 1987, have sequenced the mouse /dh-C and human Idh-B genes.
Simmons et al., 1985, have cloned the Idh gene of P. falciparum. Human
LDH-B processed pseudogene nucleotide sequence analysis and assignment
to the X- chromosome was studied by Sudo, et al., 1990. Homologies in the
active regions of /dh genes was studied by Taylor et al, 1976.
Overexpression and deletion of Idh gene of Lactobacillus plantarum was

analyzed by Thierry et al., 1994. Wu et al., 1987, was also worked on
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mouse 1dh-C gene. Crystallization analysis of Lactobacillus casei LDH was
performed by Buehner et al., 1982. The ldh was shown to be expressed as a
monocistronic transcript and its abundance was shown to be regulated by the
growth rate of the microorganism (Garmyn et al, 1995). Duncan and
Hillman, 1991, have conducted an experiment on DNA sequence and in vitro
mutagenesis of the Fuctose-1,6-Diphosphate-Dependent L-(+)-LDH (they
have cloned and sequenced the gene in 1990) of S. mutans which is an
important pathogen in preventive dentistry. They have aimed to isolate a /dh
mutant strain which produces less acid and would superinfect and
permanently colonize the human oral cavity since the caries are a result of
erosion on the tooth by acidic products produced by streptococci species.
Ono et al., 1990, have studied L-(+)-LDH gene of Thermus aquaticus YT-
1. They have found that the enzyme LDH was highly heat-stable and
allosterically activated by Fru—i,6-P2. In order to understand the properties
of the enzyme, they have determined the nucleotide and amino acid of the
enzyme and they compared them with other enzymes. Kunai ef al., 1986,
have determined the nucleotide sequence and characteristics of LDH of 7.
aquaticus GK24. Llanos, et al., 1992, have sequenced and expressed the
cloned Idh gene of L. lactis and they have determined its chromosomal
location.  Ostendorp et al, 1993, also cloned a Idh gene from
hyperthermophilic bacterium Thermotoga maritima and they found up to
48% similarity with the other prokaryotic /dh genes. Park and Kreutzer,

1994, have explained the expression cloning of nox, mdh and Idh genes from
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Thermus species. This had the purpose of immediate overexpression.
Barstow et al, 1987, were another group that worked with /dh of a
thermophilic bacterium (B. caldotenax) and they determined the aminoacid
sequences of the enzyme from its cloned gene. Zulli ef al., 1987, have
analyzed the structure and function of L-LDH from Thermophilic and
Mesophilic bacteria from the nucleotide sequence data. They have also
determined the restriction maps of Thermophilic /dh genes. Barstow et al.,
1986, have cloned and sequenced the Bacillus stearothermophilus Idh gene.
Codon utilization and expression of the gene in £. coli were also examined.
Characteristics of Bifidobacterium longum Idh gene were analyzed after the
obtaining the sequence data (Minowa ef al., 1989). Lannos ef al., 1993,
have identified a novel operon in L. lactis. The operon was encoding the
enzymes of glycolysis which were phosphofructokinase, pyruvate kinase and
lactate dehydrogenase. L. casei Idh gene was cloned and sequenced by Kim
et al., 1991. Antigenic domains of the sperm-specific LDH-C; were
determined by Wheat et al., 1985. Li ef al., 1983 were also studied on the
molecular features and immunological properties of LDH-C,4 isozyme from
mouse and rat testes. Li ef al., 1985, were also worked on the stucture and
gene organization of this enzyme. Haldimann ef al., 1993, have determined
that the immunogenic protein P36 of Mycoplasma hyopneumoniae was

actually an L-(+)-LDH enzyme.
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While many bacteria produce lactic acid, frequently mixed
fermentations are also observed. Homofermentative bacteria use the
Embden-Meyerholf pathway and convert pyruvate to the end product lactate
and NAD from reduced NADH is regenerated. In the heterofermentative
bacteria, regeneration of NAD is again mainly due to the conversion of
pyruvate to lactate. Thus, all lactic acid bacteria have the cytoplasmic
(though other bacteria have this enzyme associated with particles or are in
the cell membranes) NAD-dependent LDH in large amounts. L(+)- and
D(-)-LDH forms which are two different enzymes (EC 1.1.1.27 and EC
1.1.1.28, respectively) convert pyruvate to L(+)- and D(-)-lactate. The
enzyme from vertebrates and plants only forms L-lactate. The enzyme of
invertebrates, lower fungi, and prokaryotic organisms synthesize either a D-
or L-lactate specific dehydrogenase, depending on the species. Some
prokaryotes (e.g. L. plantarum) possess both enzymes within the same cell.
Eukaryotes in contrast, have several isozyme forms with a single
stereospecificity. From the comparison of the sequences of D-LDH and L-
LDH it was found that there is no significant homology and was suggested
that D-LDH belongs to a family other than that of L-LDH (Taguchi and

Ohta, 1991).

In several bacteria where lactate-oxidizing activity is described, the
enzymes are specific to either D-lactate or L-lactate isomer. In E. coli, two

enzymes with LDH activity were characterized. One which is present when

16



the bacteria is grown on lactate as a main carbon source, is specific for L
isomer and can not oxidize D-lactate. The other one is present during
growth in glucose or in complex media, as well as in lactate and is specific
primarily for D-lactate with minor affinity to L-isomer. These enzymes
which are membrane associated flavoproteins, together with in a number of
other bacteria, do not use NAD/NADH as coenzyme, named NAD-
independent LDHs (EC 1.1.99.-), and function differently in different species
(Erwin and Gotschlich, 1993). NAD-dependent LDH is a critical enzyme for
energy production of lactic acid bacteria. Although they harbor other less
efficient paths for the utilization of pyruvate their growth is considerably
reduced when using these pathways. NAD-dependent L(+)-LDHs are found
together with D(-)-LDHs in most of the bacteria and form DL-lactate while
some bacteria form DL-lactate by using racemases. NAD-dependent L(+)-
LDHs are of two different kinds, those that are activated by fructose 1,6-

bisphosphate and those that are not (Garvie, 1980).

Concerning human and animals, LDH catalyzes the conversion of
pyruvate in the presence of NADH to lactate and NAD"™ when oxygen levels
are low e.g. in exercising muscles. On the other hand, in the liver the
reaction tends to go in the opposite direction, from lactate to pyruvate. The
different body tissues have different levels of isozymes of LDH. While LDH-
A (muscle) and LDH-B (heart) combine in different proportions to form a

heterotetrameric enzyme, LDH-C is present as a homotetramer in mature
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testis and spermatozoa. Three different genes code for LDH-A, LDH-B and
LDH-C isozymes that carry unique physical, catalytic, and immunological
properties. Concerning the LDH isozymes of mouse, LDH-A4 and LDH-C4
enzymes are encoded by the genes that are located on chromosome 7 while
LDH-B4 is encoded by the gene that is present on chromosome 6 (Hiraoka
et al., 1990). These isozymes can be separated based on differences in
charge and identified on native gel electrophoresis. These isozymes are also
useful in medical diagnosis. Upon tissue damage, e.g. heart attack, the cells
that die often release LDH and other tissue specific isozymes into the serum.
The increased appearance of the heart specific isozyme may aid in the
diagnosis of heart attack and in making a prognosis about recovery of the
patient. Crude homogenates of the different animal tissues (nonhuman) can
be prepared and identification of tissue specific patterns of LDH isozymes

can be achieved.

LDH is used in screening for malaria (Bzik ef al, 1993), in
replacement therapy for the prevention of dental caries (Duncan and Hillman,
1991), in monoclonal-antibody immunoassay for detection of turkey meat in
beef and pork (Wang et al., 1995, Smith et al., 1996), in evolution studies
(Ferreira et al., 1991, Markert et al., 1975, Griffin et al., 1992, Mannen et
al., 1996, Hotz et al., 1993, Quattro ef al., 1995) and in many other original

applications.
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1.4. Studies on the Lactate Dehydrogenase of R. oryzae

Obayashi et al., 1966, have been the first group who reported the
presence of a NAD -dependent lactate dehydrogenase (L-lactate:NAD"
oxidoreductase, EC 1.1.1.27) in R. oryzae. However, they assumed that the
enzyme is catalyzing the interconversion of lactate and pyruvate. Later, in
1971, Pritchard has studied in detail the enzyme activity and lactic acid
formation and utilization in Rhizopus species and he reported that the NAD"-
dependent lactate dehydrogenase in R. oryzae that is involved in lactic acid
production during the growth phase in the presence of glucose, was not
involved in the oxidation of lactic acid back into pyruvate. In his study,
Pritchard has brought to light the presence of a NAD-independent lactate
dehydrogenase that is involved in the conversion of lactate to pyruvate.
However, later in 1973, Pritchard has shown that the reduction of the
NAD', was not catalyzed but only the reduction of NAD’s analog, 3-
acetylpyridine adenine dinucleotide (APAD"), was catalyzed by (L+)-lactate
dehydrogenase and NAD® was not effective in inhibiting the APAD’
reduction rate in this reaction which was followed at 365 nm. It was also
indicated that the R. oryzae lactate dehydrogenase uses only L(+)-lactate as
substrate and no activity was observed using D(-)-lactate. In R. oryzae LDH
activity was detected over the pH range of 6.0 to 8.6 with a pH optimum of

7.2 (Pritchard, 1973).
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In Pritchard’s studies related with the assay of NAD'-dependent
lactate dehydrogenase (LDH) the crude cell-free extract was obtained from
the mycelia that were collected through filtration, washed with distilled
water, dried in between filter papers and after freezing they were ground to a
fine flour state by the aid of a previously cooled (-10°C) mortar. After
grinding in ice-cold 0.1 M Tris-HCl buffer, pH 7.5, 1.5ml of buffer per g of
frozen mycelium was rapidly thawed and centrifuged at 12,500 x g for 10
" min. Cold buffer (1 mL per g of mycelium) was used in washing the cell
debris and the pooled supernatants were used in assaying the enzyme
activity. NAD -dependent lactate dehydrogenase was assayed
spectrophotometrically through reading the NADH oxidation at 340 nm.
However, since assaying the enzyme activity in this way might be wrong due
to the interference of pyruvate decarboxylase and alcohol dehydrogenase
activities to the oxidation of NADH, Pritchard designed a more specific
assay using the NADH-dependent conversion of '*C-labelled pyruvate to
(**C)lactate. It was found that both assays gave correlated results. It was
also confirmed that the extract used to oxidize NADH did not give any
conversion of either L(+)-lactate nor D(-)-lactate to pyruvate, which
indicated the reaction is unidirectional. However, since the lactic acid in the
medium was showing a decrease and later on an increase, the presence of
another enzyme catalyzing the reduction of lactic acid was considered. As an
artificial acceptor 2,6-dichlorophenolindophenol is used for NAD(P)'-

independent LDHs in sulfate reducing bacteria and archaea (Hansen, 1994).
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In an extract that was prepared and that had no pyruvate-dependent
oxidation activity of NADH, reduction activity of 2,6-
dichlorophenolindophenol by lactate was determined and this activity was
not effected by the addition of NAD". The activity was observed by the
change in absorbance at 600 nm in anaerobic conditions due to the oxygen
sensitivity of the enzyme (Hansen, 1994). This enzyme was inert until the
lactate synthesis diminishes and activity was seen during the phase of
sporulation. The decline determined in the amount of lactic acid in the
medium after a period of increased accumulation of lactic acid was
accounted for the presence of a new enzyme activity. A last increase in the
amount of lactic acid let Pritchard, 1971, design further experiments to
analyze the relation between glucose utilization, lactic acid content and
enzyme activity. The NAD'-dependent lactate dehydrogenase activity was
highest during the period of rapid glucose utilization with a peak value in the
early vegetative growth of the mycelium and a rapid decline before the
sporulation phase was seen. If the fungus was grown in a media with
growth-limiting concentrations of glucose the NAD -dependent (L+)-LDH
activity was insignificant. The transfer of such a mycelium into a medium
rich in glucose lead to an immediate increase in the enzyme activity which
could be inhibited with the addition of cycloheximide. The effect of glucose
concentrations on specific activity of lactate dehydrogenase as well as on
alcohol dehydrogenase and fructose-1,6-diphosphate aldolase was also

studied. It was suggested that when the glucose amount is in excess of the

21



requirements of the catabolizing machinery of the fungus, the high
concentration of endogenous glucose (or more probably of some metabolite
derived from glucose) favors the synthesis of lactate dehydrogenase.
Alternatively, glucose might repress the synthesis of the enzymes that
catalyze either the inactivation or the degradation of lactate dehydrogenase.
The cause of a rapid decrease in LDH activity before sporulation might be
due to these kind of enzymes. The decrease in the activity of L(+)-LDH
was not affected by doubling the glucose concentration, but the sporulation
was apparently postponed by the highest glucose concentration. However,
the induced synthesis of LDH in high glucose media was suggested to be
much probable. Growth-limiting concentrations of zinc was another factor
that resulted in high levels of lactate dehydrogenase activity and subsequently
increased yields of lactic acid since under such conditions glucose is present
in excess of the requirements. This might be due to the sensitivity of the
metabolite which mediates the glucose effect to no other variable than the
zinc concentrations and thus other substances in growth-limiting amounts
must not be expected to give such increased levels of LDH activities.
Alcohol-dehydrogenase and NAD-dependent glutamate-dehydrogenase
activities were not effected so much as it was shown by Pritchard, 1973,
(Table 1.1). It is obvious that the control of lactic acid production in R.
oryzae can be related to the factors controlling the synthesis and activity of

LDH.
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Table 1.1 Effect of glucose and zinc concentrations on enzyme activities in

R. oryzae
Specific activity (units/mg protein)

Glucose conc. Lactate Alcohol Fructose-1,6-
(Y%, wiv) dehydrogenase dehydrogenase diphosphate aldolase
0.25 0.05 3.2 ND
0.50 0.16 53 0.38
1.00 0.83 23 0.33
2.00 2.00 2.5 0.31

Specific activities of lactate dehydrogenase, alcohol dehydrogenase and fructose-1,6-diphosphate aldolase
in 43-h-old cultures grown on glucose-glutamate-mineral salts media of differing initial

glucose concentrations. From G.G. Pritchard, 1973, J. General Microbiology, 78,125-137.

ND: Not Determined

Specific activity (units/mg protein)

Zinc concentration Lactate Alcohol Glutamate
(mmoles/l) dehydrogenase dehydrogenase dehydrogenase
0.34 1.82 8.00 0.035
0.86 1.96 8.15 0.053
1.72 0.47 5.75 0.058
430 0.20 6.50 0.045
17.20 0.10 18.90 0.045

Specific activities of lactate dehydrogenase, alcohol dehydrogenase and NAD-dependent
glutamate dehydrogenase in 45-h-old cultures grown on glucose(1%)-glutamate-mineral
salts medium containing different zinc concentrations. From G.G. Pritchard, 1973,

J. General Microbiology, 78,125-137.
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In contrast to the NAD'-dependent lactate dehydrogenase, the
NAD -independent lactate dehydrogenase activity was highest after complete
consumption of glucose in the medium. As it was obvious from the previous
experiment a second increase in the acid content was again determined after
the disappearance of glucose from the medium in the sporulation phase. It
was confirmed that this was due to the production of lactic acid and it was
concluded that the pyruvate necessary for this second cycle of lactate
synthesis which might be coming from the oxidation of ethanol through the
glyoxylate cycle. It was already known that after the exhaustion of glucose
in the growth medium Rhizopus synthesizes the necessary enzymes
(Pritchard, 1971). The glyoxylate cycle, present in plants, bacteria, and
fungi, but not in animals, leads to the glucose generation from two carbon
compounds (from acetyl CoA via four-carbon compounds), and is a
modification of citric acid cycle. Cells that synthesize the glyoxylate cycle
enzymes can also synthesize all their required carbohydrates from any
substrate that is a precursor of acetyl CoA. Thus, yeast can grow on ethanol
because yeast cells can oxidize ethanol to acetyl CoA, that can be
metabolized via the glyoxylate cycle to form oxaloacetate (Moran et al,
1994). This is the pathway that is also suggested for the generation of
pyruvate in R. oryzae. Pyruvate might also be coming from the addition of
glutamate as a nitrogen source through the Calvin cycle and malic enzyme.
However these indications were not confirmed experimentally (Pritchard,

1971).
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Lactate dehydrogenase (LDH) enzyme of R. oryzae is used in lactic
acid production, but up to date studies are limited to determination,
purification, characterization and activity assays (Pritchard, 1971; Pritchard,
1973, Roch- chui and Hang, 1991), and to fermentation (Hang ef al., 1989;
Soccol et al et al., 1994). It has not been possible to obtain the NAD-
dependent lactate dehydrogenase (EC 1.1.1.27) in highly pure form due to its
instability even in the presence of substrate and reducing agents. Pritchard
(1973) has achieved only a 10-fold purification with a yield of 16% by
ammonium sulfate fractionation and DEAE cellulose chromatography while
Obayashi et al.(1966) had observed only threefold purification. Roch- chui
and Hang, (1991), have reported the isolation, 175-fold purification with a
yield of 63% by ammonium sulfate fractionation and Polybuffer exchanger
94 chromatofocusing, and characterization of an NAD-dependent lactate
dehydrogenase from R. oryzae. They have detected a single band of 36 kD,
which is in correlation with the size (144 kD, tetramer) that was mentioned
in the review of Garvie, 1980, in sodium dodecylsulfate-polyacrylamide gel
electrophoresis (SDS-PAGE). The molecular weight of the purified native
enzyme, as determined by gel filtration on Bio-Gel P-300, was 131 kD.
This suggests that the native NAD-dependent lactate dehydrogenase of R.
oryzae is a tetramer and the single protein band obtained in SDS-PAGE

corresponds to the monomeric form of the enzyme.
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1.5 Evolutionary Aspects of Lactate Dehydrogenase

During the course of evolution, initially simple living systems have
evolved through acquisition of novel metabolic processes and the very
diverse and biochemically complex life forms have arisen. While the primary
evolution was a result of new DNA creation, the subsequent evolution has
been upon the modifications of preexisting DNA molecules. That’s why a
quite large amount of DNA possesses homology within and between
organisms, even when these organisms are very distantly related. As a result,
the protein molecules that have similar function in different organisms, are

homologous.

Synthesis and activity of specific proteins coming from a diverse
range of related organisms can be examined in order to obtain a probable
course of gene evolution since direct analysis of biochemical differentiation
can not be examined due to the lack of such data. Cytochrome C is such a
protein and through analysis of numerous organisms from different
kingdoms, it has been shown that all of the molecules examined are
homologous to each other. A cytochrome C phylogenetic tree has been

established using these data.

In the highly complex organisms that exist today, it is very unlikely

that a creation of a totally new DNA sequence of approximately 1000
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nucleotides encoding a functional protein, to be the route of fulfilling a new
function. Instead, it is much probable that novel genetic information is
acquired through duplication and then modification of preexisting genetic
information by the aid of mutations. The process is likely to be, the
duplication of a gene coding for a specific enzyme that is followed by
changes through mutations that produces an enzyme with a broader substrate
specificity and then the narrowing of the specificity to an entirely new

substrate.

Beyond the relation that was demonstrated for the genes of
myoglobin and hemoglobin, the immunoglobins, histones, many serine
proteases, a-lactalbumin and lysozyme, the ferrodoxins and several
dehydrogenases were shown to have sequence homology. All of these data
support the hypothesis of gene duplication and new protein generation from
a relatively small number of “ancestral genes” (Figure: 1.2). Either entire
genome is duplicated (allo- and autotetraploidization), or one or more
chromosomes are duplicated (aneuploidy), or a single gene is duplicated
(linear replication or unequal crossing-over). Partial gene duplication might
also be a way of gene evolution. Such a mechanism is probably the result of
homology that is seen in numerous proteins. However, gene duplication
seems to contribute, most of the time, to gene evolution. Structural and
functional differentiation follows gene duplication through accumulation of

mutations in the genes. While the genes are identical at the time of
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duplication they become different. In the beginning, the acquisition of
mutations might not be enough to result in differential regulation of the two
genes but further accumulation of differences result in changes in the
regulation of the enzymes. Eventually, the genes become differentially
expressed as it is deeply examined for LDH-A, LDH-B, LDH-C genes of
fishes and vertebrates (Markert ez al., 1975; Li et al., 1983; Hiraoka, et al.,
1990; Hotz, 1993, Waters et al., 1993, Ferreira, et al., 1991). The LDH-A
and LDH-B which are found in essentially all vertebrates are isozymes that
have been produced by gene duplication. The structure of the LDH enzyme
has been conserved in many vertebrates while it evolved a lot in prokaryotes.
This was suggested to be due to the protection of LDH inside the eukaryotic
organism. This might have reduced the evolutionary pressure on the enzyme.

In contrast prokaryotic LDH may have evolved several times (Garvie, 1980).
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— Lc. lactis  100%
S. mutans 76.4%
Lb. casei  682%

Lb. plantarum 57.5%

Ba. stearothermophilus 50.5%
Ba. caldolyticus 51.4%
Ba. caldotenax 51.1%

Ba. psychrosaccharolyticus 54.4%

Ba. megaterium 54.1%

T aquaticus 44.5%

T. caldophilus 42.9%

— Bi. longum 36.1%
Human A 36.7%

Mouse A 37.7%
Rat A

b——— Chicken A 37.0%

Human C 37.5%

Mouse C 34.2%

Human B 37.5%
""‘[ Mouse B 37.5%

Duck B 36.6%
Fish B 36.0%

Dogfish A

Figure 1.2: Evolutionary tree of /dh gene. Constructed based on the information
in the papers of Griffin ef al., 1992, Hiraoka ef al., 1990 and Mannen et al., 1996)
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1.6 Objectives of the Thesis

The goal of this study is to isolate a DNA fragment of /dh gene in R.
oryzae, and determine its DNA sequence. Having such a fragment of the
gene would make possible the isolation of the whole gene, by using it as a
probe. This gene might be inserted back into the R. oryzae which already is
a producer of lactic acid and since there are established protocols for the
transformation of this microorganism (Kinghorn and Turner, 1992). Other
industrial species may also serve as hosts of the /dh gene. There are already
studies performed on the usage of S. cerevisiae as an engineered lactic acid
producer. A mammalian lactate dehydrogenase gene (LDH-A) has been
transformed into yeast and expressed, where high levels of lactic acid were
observed (20 g/L) (Porro et al., 1995). In another study, L(+)-LDH gene of
L. casei was expressed by the yeast alcohol dehydrogenase 1 promoter
resulting in mixed lactic acid-alcoholic fermentation which is desirable in
fields where both biological acidification and alcoholic fermentation are

required (Dequin and Barre, 1994).

The approach taken here is to amplify a fragment, corresponding to
more than 70% of the gene including its active site, via Reverse
Transcriptase-Polymerase Chain Reaction. Total RNA was isolated from R.

oryzae cell culture and cDNA was synthesised using this RNA as template.
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The cDNA which bears the region of our interest, served as a template for

PCR (Figure 3.1).

Using Internet sources; GenBank, DNA sequence database was
reached from location (http://golgi.harvard.edu/entrez/ nucleotide database),
and by using the relevant sequences the primers were constructed. Five
different genes of R. oryzae, that are sequenced, were analysed and the
codons that are preferred by the species were determined. This codon usage
information was used in constructing the primers that can anneal various
regions on the gene. A computer program, Primer Dedective, that guides
designing primers was used to avoid 3'-end homologies. PCR conditions
were adjusted for optimal amplification of the /dh gene fragment of our
interest after many trials of differing template, primers, enzyme and Mg ion
concentrations as well as different annealing temperatures, cycles and time-
periods for every cycle used. FEthidium Bromide and Silver Staining
procedures were used for the detection of PCR products after they have run

in Polyacrylamide Gel Electrophoresis.

The second approach in this study was on using hybridization
potential of denatured DNAs on previously prepared probes. ()P
labelled dATP and DIG labelling were used in preparing our probes. Being a
lactic acid bacteria L. lactis ldh gene that was cloned and sequenced (Griffin

et al., 1992) was used as a template in preparing our homologous primers
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occupying 700 bp fragment of the gene. Polymerase Chain Reaction
amplified products were used in probing R. oryzae RNA and DNA for

Northern and Southern blotting hybridisations respectively.
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CHAPTER IT

MATERIJALS AND METHODS

2.1. Cell Growth

Rhizopus oryzae strain was obtained from Dr. Haluk Hamamci, Food

Engineering Department, Middle East Technical University. Saccaromyces

cerevisiae C468 strain was obtained from Dr. Ufuk Bakir, while Dr. Candan

Girakan has kindly given us the Lactococcus lactis strain we used in this

thesis project.

2.1.1 Growth Media

All the media used in this thesis are given in Appendix IIT



2.1.2 Growth Conditions of R. oryzae

R. oryzae cell culture was prepared by the inoculation of the 75 mL
medium, which is placed in 250-mL Erlenmeyer flasks and autoclaved at
121°C for 2 hours, from a freshly growing part of the stock culture to avoid
the difficulty of isolation of DNA which arises from the hardened cell walls
of the old cultures (Gow and Gadd, 1995). Four such R. oryzae cultures
were grown for three days at 28°C in a shaker incubator at about 120 rpm in
250 mL Erlenmeyer flasks (Soccol et al., 1994). The cells were collected by

centrifugation at 1500 x g for 10 minutes in a swinging rotor centrifuge.

2.1.3 Growth Conditions of S. cerevisiae C468 Cells

S. cerevisiae C468 culture was inoculated on YPG Agar plate with a
loop embedded in the stock culture kept at 4°C and incubated in an incubator
at 30°C for 48 hours. A single colony taken from this plate was used for the
inoculation of 50 mL liquid culture which was grown for another 48 hours
by shaking at 200 rpm, 30°C shaker-incubator. The grown cell culture was
kept refrigerated for a short time prior to collection for isolation of DNA and
RNA. The cells were collected by centrifugation at 1500 x g for 10 minutes

in a swinging rotor centrifuge.
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2.1.4 Growth Conditions of L. lactis Cells

L. lactis stock culture stored more than six months at -20°C in
glycerol was used for the inoculation of both MRS and M17 media. Three
droplets of stock culture was used to inoculate 5 mL media in 15 mL tubes
and let grow at 37°C for 18 hours by shaking at 300 rpm. Growth was
detected in both MRS and M17 media. The cells grown in M17 media were
selected for large scale production of cells. A 50 mL M17 media was
inoculated using 1 mL freshly grown culture and grown overnight at 37°C by
shaking at 300 rpm. The cell culture was collected by centrifugation at 1500

x g for 10 minutes in a swinging rotor centrifuge.

2.2 DNA Isolation from R oryzae

R. oryzae cells were reproduced and collected as above. The cells
with 1 ml. wet volume were homogenized in a presterilized hand-
homogenizer after adding liquid nitrogen and letting evaporate and then 6
mL extraction buffer (100 mM Tris-HCI, pH 8.0; 500 mM NaCl, 50 mM
Na;EDTA, 1.25 % SDS and 3.8 g/L sodium bisulfite) was aliquoted. The
solution was incubated at 65°C for 40 minutes. Following the addition of 2
ul RNase A (10 ug/ul) the sample was incubated another 30 minutes at

37°C. An equal volume of chloroform:isoamyl alcohol (24:1) was added and
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mixed by inversion couple of times. After centrifugation for 10 minutes at
3,500 x g in a swinging rotor centrifuge, the aqueous phase was transferred
to a new tube. DNA was precipitated with ethyl alcohol. The pellet was
recovered by centrifugation, washed with 70 % Ethyl alcohol, air-dried and
suspended in 1 ml 1 x TE Buffer (10 mM Tris (Tris(hydroxymethyl)-
aminomethane (Carlo Erba, Italy)), pH 80, 1 mM EDTA

(Ethylenediaminetetraacetic acid), pH 8.0).

In a different procedure, a commercial DNA isolation Kit (Puregene,
Gentra Systems, MN, USA) was used and its recommended procedure was

followed.

2.3 DNA Isolation from L. lactis

The cells were collected from 5 mL media in a 15 mL tube, grown as
described in Materials and Methods 2.1.4., at 2,000 x g in a swinging rotor
centrifuge. The collected cells were homogenized in presterilized (RNase
Zap (Ambion, TX USA) treated and Autoclaved) hand homogenizer, after
being broken in liquid nitrogen. The isolation procedure was carried out in
1.5 mL eppendorf tubes (14 tubes). Genomic DNA was isolated as in
Ausubel et al., 1994. The aqueous phase of the phenol/chloroform step was

transferred into a new tube, to which 1/10 volume of 3 M NaOAc, pH 5.2,
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and 2.5 volumes of absolute ethyl alcohol were added to precipitate DNA.
The precipitated DNA was washed with 75 % ethanol. DNA precipitate of
each eppendorf tube was air dried and suspended in 50 pl. PCR-ddH,0.
The contents of the tubes were then collected into one tube (700 pL final

product volume) and the DNA was kept at -35°C.

2.4 DNA Isolation from S. cerevisiae C468

DNA isolation procedure was carried out as in the procedure

followed for L. lactis. The DNA pellet was suspended in 200 ulL TE buffer.

2.5 Concentration Determination of DNA Samples:

DNA samples, from R. oryzae, S. cerevisiae and L. lactis were 1:200
diluted with ddH,O to 1 mL and A and Ay absorbance data were
determined on Shimadzu UV-2100 spectrophotometer. DNA absorbs UV
light at 260 nm. Proteins absorb UV light at 280 nm and in literature
optimum ratio of Aje/Azso is indicated as 1.8. Ay / Aggo ratios were
calculated and the purity of the DNA samples were determined. The

concentration of DNAs were calculated from the equation below:
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For any double stranded DNA;

1 Azeo = 50 11g/mL; | Ageo value of the sample X 50 pug/mL X Dilution Factor

By using above equation concentrations of DNA samples were
calculated and 50 ng/ul. of each were prepared for PCR amplification. In
addition, 3 pg samples were prepared of visualizing DNA samples on

Agarose gel.

2.6 DNA Agarose Gel Electrophoresis

The agarose gels were prepared according to the adapted procedure
published by Keller and Manak, 1989. All of the agarose gels were
performed on a medium size equipment (IBI Corp., CT USA). The open
ends of the gel tray (14x10 cm) were taped with masking tape and a gel cast
was prepared. To prepare 0.8 % (w/v) agarose gel, 0.8 g of FMC-agarose
was added in 100 mL of 1 x TBE Buffer (10.8 g Tris (hydroxymethyl)-
aminomethane (Carlo Erba)/Liter, 1 mM Ethylenediaminetetraacetic acid
(EDTA), pH 8.0) and agarose melted on a hot plate by continual stirring.
Agarose was allowed to cool below 60°C, ethidium bromide was added to a
final concentration of 0.7 pg/mL and poured into the gel tray containing
already positioned comb. The gel was allowed to solidify for about 30

minutes, the comb and the tape were removed and the gel was placed in the
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electrophoresis chamber. 1 x TBE buffer was added to the chamber until the
gel was covered by about 0.5 cm of the buffer. The DNA sample (30 pL)
was mixed with 1/10 volume 10 x loading buffer and it was loaded onto the
wells of the gel (10 ug DNA per lane). The molecular weight marker,
Hindlll digested A DNA, was loaded onto the adjacent well.
Electrophoresis was performed either overnight at a constant voltage of 20
Volts or in about 3-4 hours at a constant voltage of 60-70 Volts. The gel
was photographed using a high-speed Polaroid film (667, UK), exposing 20-

40 seconds and a lens setting of 4.5.

2.7 RNA Isolation

2.7.1 Total RNA Isolation from R. oryzae

R. oryzae cells were grown for 96 hours at 28°C with moderate
shaking. During their homogenization, these cells were collected in a 1.5 mL
centrifuge tube at 2,000 rpm for 15 minutes. With the aid of a 1.5 mL flame-
rounded pipetor tip the collected cells were homogenized in the presence of
liquid nitrogen. The preparation was centrifuged at 10,000 rpm for 15
minutes and the supernatant was poured off. The sample was incubated at
room temperature for about 5 minutes to permit complete dissociation of

nucleoprotein complexes, following the addition of 1 mL TRIZOL Reagent.
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During the phase separation, 0.2 mL chloroform (Carla Erba, Italy)
was added for every 1 mL TRIZOL reagent used, the tube was shaken
vigorously for 15 seconds and it was incubated at room temperature for 2 to
3 minutes. The mixture was then centrifuged for 25 minutes at 10,000 rpm
at room temperature. Following centrifugation, the mixture separates into
three phases; a lower red, phenol-chloroform phase, an interphase, and a
colorless upper aqueous phase. The volume of the aqueous phase was about

60 % of the volume of TRIZOL (Life Technologies, Scotland, UK) used.

To precipitate the total RNA, the aqueous phase was transferred to a
fresh tube and 0.5 mL isopropyl alcohol per 1 mL TRIZOL was used. The
samples incubated at room temperature for 10 minutes and centrifuged for
15 minutes at 10,000 rpm. The RNA precipitate, invisible before
centrifugation, formed a gel-like pellet at the bottom of the tube. After
addition of absolute ethanol onto the pellet the RNA product was stored at -
35°C until usage (TRIZOL Reagent Total RNA Isolation Kit, Life

Technologies, Scotland, UK).

2.7.2 Total RNA Isolation from S. cerevisiae C468

S. cerevisiae C468 cells were grown for 48 hours in 2 mL YPG

media at 30°C with moderate shaking. The cells were collected and total
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RNA was isolated by the procedure used in total RNA isolation of R. oryzae

2.7.1).

2.8 First Strand cDNA Synthesis

From the total RNA isolated from R. oryzae and from S. cerevisiae
(468, the first strand cDNA was prepared according to recommendations of
the producers of the enzyme M-MuLV-RT (MBI Fermentas, Lithuania) that

was used in this experiment.

Total RNA isolated was kept as a precipitated pellet at -35°C in
absolute ethanol, until use. In the washing procedure, after centrifugation at
13,000 rpm for about 10 minutes, the ethanol was poured off. From the
75% ethanol 1 ml, per every 1 mL TRIZOL used, was added and
centrifuged again at 13,000 rpm for 10 minutes. The liquid phase was
poured off and the RNA precipitate was air-dried. Total RNA precipitate

was suspended in 100 pL diethlypyrocarbonate (DEPC) treated ddH,O.

While synthesizing the cDNA, 11 ul. RNA was transferred into a

fresh microfuge tube, incubated at 80°C for 10 minutes on a heat block and it

was immediately placed on ice. After a brief centrifugation the following
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components (MBI Fermentas, Lithuania) of cDNA synthesis reaction were

added on crashed ice, as in the below order:

1 x Reaction Buffer (50 mM Tris-HCI (pH 8.3), 50 mM KCl, 4 mM
MgCl,, 10 mM DTT)

1 mM 4 dNTPs

5 mM Random Hexamer or 10 pmol of each 10-mer (Table 2.1)

2 units/pl. RNase Block (Stratagene, Ca, USA)

1.5 units/ul. M-MuLV-RT enzyme (MBI Fermentas, Lithuania)

20 uL final reaction volume

This cDNA reaction mixture was incubated at 37°C for 90 minutes in
a water bath. The reaction was terminated by the inactivation of the enzyme
through heating at 80°C for 10 to 15 minutes and the product was stored at -
35°C until usage (up to 2 months). Random 10 mer mix, instead of random
hexamer, was used in another cDNA synthesis procedure, also in the
presence of (a-S)dATP and the results were compared after

autoradiography.
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Table 2.1 Sequences of Random 10 mers

Base composition (5™ to 3°) Concentration (pmol/uL)
AGGTCACTGA 46
TGGTCACTCA 25
TGGTCACTGT 26
TGGTCACTGA 34
AGGTCACTGA 27
TGGTCACTCA 23
TGGTCACTGT 25
CGGCCCCTGT 24
ATTGCGTCCA 29
CGGTCACTGT 110
CGGCCCCGGT 103

CTGACCTGGT 103
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2.9 PCR Primer Design

The primers used in this study were designed using /dh sequences
from more than 40 different species. The most conserved regions were
selected and by taking into consideration the nucleotide mismatches (and
amino acid changes in some sequences) the degenerate primers were
constructed (Appendix IV). Meanwhile, available Rhizopus gene sequences
(5 genes, other than Jdh, were used in the calculations of the frequencies of
the codons prefered in each gene and the statistically meaningful data were
combined) were analyzed and codon usage in Rhizopus species was also
determined (Appendix V). Primer Detective computer program was used for
checking self-homology, cross-homology and 3'-end homology. Although
3'-end homologies were eliminated, it was not possible to avoid self and
cross homologies. However, getting PCR product from such degenerate
primers, was thought, would be very specific. Constructing L. lactis specific
100 % homologous primers was of course much more easier. The sequence
information for them were gathered from the paper of Griffin ez al., 1992.

The primer sequences are given in Table 2.2.
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Table 2.2 Degenerate and non-degenerate primers of R. oryzae and L. lactis

respectively.

Primer Sequence Length Degeneracy Tm

LLIF 5-CTT GTT GGT GAC GGT GCT GTA GGT-3' 24mer None 59.0°
c

LL2R 5-CCC ATA TTG TCC ATC TTG GAA T-3' 22mer None 52.1°
C

LDH4FAI  5'-GGC CCC GT(CT) GGT (AGXCTYACT)GGT  26mer 1,152 -

(GCTYACYAGCT) GT(CT) GG-3'

EEHRBI S-TTG GAT CC(AGC) (CT)A(AG) (AGCT)  26mer 3,456
(ATYAGT) GT(AGT) GC(GT) CC(CT) TT-3"

LDH4F “GT(TC) GG(TCA) (GAXTC)(TCA) GG(TCA) 26mer 31,104
(ACGYACYACGT) GT(TC) GG(TCA) ATG GC-3'

LDH3R 5'-GG(TCA) GA(GA) CA(TC) GG(TCA) GA(TC)  2lmer

(TAYC(TCAYTA)C(TCA)3' 2592 -

LDH3RBI 5 -GGA TCC (AGTYGT)ACT) (AG)G(AT) 2Tmer 288 _
(AG)TCACC(AG)TGTTCACC-3'

RLDH4F 5 -GT(CT) GGT (AGKCT)YACT) GGT 20mer 1,152 _
(GCTYACYAGCT) GT(CT) GG-3'

REEHR 5 '(AGCYCT)A (AGYAGCTYAT) (AGT)GT 18mer 3,456 .

(AGT)GC (GT)CC (CT)TT-3'

=: Tm values could not be obtained
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2.10 PCR

2.10.1 PCR Amplification of /dh gene fragment of L. lactis

The Idh gene fragment (~80 % of the gene) of L. lactis has been
amplified using 50 ng of genomic DNA of L. /actis, 50 pmol of each primer
(LL1F and LL2F), 0.1 mM of each dNTP, 0.96 units 7aq DNA Polymerase,
1.5 to 3.0 mM Mg™, in 1 x PCR Buffer without Mg™ (10 mM Tris-HCl, pH
8.8 at 25°C, 50 mM KCl, 0.08 % Nonidet P40), in the 50 uL final reaction
volume. The reactions were carried out in a thefmal-cycler (TECHNE
Progene,UK), after 2 minutes of preheating at 94°C (hot start). The reaction
mixtures were then subjected to 30 cycles of denaturation at 94°C for 1
minute, primer annealing and extension at 60°C for 1.5 minutes. Together
with a ¢X 174/ Hinfl digest DNA molecular size marker the amplicons were
analyzed on a nondenaturing polyacrylamide gel electrophoresis (8 %
acrylamide/bis-acrylamide (38:1), 1 mL 1 x TAE buffer (0.4 M Tris-acetate,
10 mM EDTA, pH8.0), 450 uL 10% ammonium persulfate (APS), 20 uL

N,N,N',N -Tetramethylenediamine (TEMED)).
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2.10.2 Reamplification of Idh gene fragment of L. lactis using

Band-isolated /dh amplicon as a template

PCR amplified L. lactis DNA was band isolated as in 2.12 and it was
used as template in a second cycle PCR, in the same amplification conditions,

in order to obtain enriched product.

2.10.3 First Cycle PCR Amplification of DNA and cDNA from

R. oryzae

R. oryzae DNA and cDNA were used as template in the preliminary
PCR reactions with the purpose of using them as amplified templates in the
secondary PCR reactions. PCR reaction mixture in a final volume of 50 uL
contained 2 pul. R. oryzae DNA (1.26 ug/ ul) or cDNA, 0.025 mM of each
dNTPs, 25 pmol random 10 mer mix (Table 2.2), 2.25 mM Mg™, 2 units
Taq DNA polymerase, in 1 x PCR Buffer. The reaction started with “hot
start”, 3 minutes at 94°C, was linked to a 30 cycle of 1 minute at 94°C of
denaturation, 1 minute at 37°C of annealing and 1 minute of 72°C of primer

extension steps.
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2.10.4 Second Cycle PCR Using the Products of First Cycle PCR

as template

R. oryzae DNA and cDNA that were amplified in the 1% cycle PCR
procedure, using random 10 mer mix as primers (Table 2.2), were used as
template in the second cycle of PCR in 3.0 mM Mg ion concentration, 2.5
mM each dNTPs mix, 0.5 unit perfect match PCR enhancer protein
(Stratagene), 1.6 units 7ag DNA Polymerase, in 1 x PCR Buffer, in a final
reaction volume of 50 uL.. LDH4F-LDH3R and LDH4F-LDH5R (100 pmol
from each primer) were used in these amplification reactions. After a 5
minutes of hot start at 94°C, 35 cycles of 1 minute at 94°C of denaturation, 1
minute at 48°C of annealing, and 1.5 minutes at 72°C of extension steps were
performed. Electrophoresis of the PCR products were performed on 8 %
nondenaturing polyacrylamide/bis-acrylamide gel in 1 x TAE Buffer or TBE
Buffer in a vertical gel apparatus at 140 volts for three to four hours. PCR
products were visualized after 10 minutes incubation of the gel in a double-
distilled water solution containing ethidium bromide (approximately 10
pg/mL) on a transilluminator (Foto/Dyne UV 21). The bands at expected
sizes were cut, DNA was band isolated from the gel piece as in 2.10.2 and
the recovered DNA was cloned in a vector. In another experiment the bands

were further visualized by silver staining.
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2.10.5 PCR Using Reduced ¢cDNA Concentration and

Enhanced Annealing Temperature

An aliquot of R. oryzae cDNA (synthesized in 20 uL final volume)
was 1:10 diluted and used in PCR reactions as 2 ul per reaction. The
reaction was performed in 50 pL final volume, in 1 x PCR Buffer (10 mM
Tris-HCI, pH 8.8 at 25°C, 50 mM KClI, 0.08 % Nonidet P40), 1.5 mM-3.5
mM final Mg ion concentration (MBI Fermentas, Lithuania), 0.1 mM of
each dNTPs (MBI Fermentas), 50 pmol of each primer (REEHR and
RLDHA4F), and 1 unit of 7ag DNA Polymerase (MBI Fermentas). Hot start
was applied at 94°C for 2 minutes, that was followed by 94°C for 1 minute
denaturation, 60°C for 1 minute of primer annealing and 72°C for 1 minute of
elongation steps that were repeated for 35 cycles in a PCR Thermal-cycler

(Techne Progene, UK).

Electrophoresis of the PCR products were performed in 2 % agarose
gel at 60 volts until the 2/3 of the dye (bromophenol blue) migrated to
anode. The bands that were at the expected sizes from the PCR products
were cut, grouped and DNA was recovered by using a DNA Isolation Kit

(MBI Fermentas, Lithvania).
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2.10.6 Radioactively Labeled PCR

Radioactively labeled PCR reactions were performed by using
LDHA4F-LDH3R and LDH4F-LDHSR primer sets. These reactions were
carried out by using (o-"°P) dATP together with non-labeled 4 dNTPs. Both
radioactively labeled and non-radioactive dATPs incorporate to the newly
synthesized DNA which makes possible the visualization of reaction

products on an X-ray film (Kodak, USA).

Radioactively labeled PCR reactions were accomplished by using
band isolated PCR products from previously performed experiments (bands
that were detected in non-radioactive PCR reactions were cut and DNA
isolated as 2.10.2), and cDNA that was previously applied random
amplification (2.10.4). PCR reaction mixture in a final volume of 50 pl
contained 10 mM Tris-HCI (pH 8.8 at 25°C), 50 mM KCI, 0.08 % Nonidet
P40, 3.0 mM MgCl, (MBI Fermentas, Lithuania), 1.6 units of 7ag DNA
polymerase (MBI Fermentas, Lithuania), 100 pmol from each primer
(forward and reverse primers), 0.5 mM dNTP mix (MBI Fermentas,
Lithuania) and 0.12 pL/reaction (0->’P) dATP (Amersham 3000 Ci/mmot).
Before starting reaction, two drops of mineral oil (Sigma) was added on the
reaction mix and one drop in the wells of the thermocycler (Techne Progene
Thermal Cycler, UK). The reaction was started with 5 minutes 94°C hot

start. The reaction mixture was then subjected to 35 cycles of denaturation
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at 94°C for 1 minute, primer annealing at 48°C for | minute and primer

extension at 72°C for 1.5 minutes.

2.11 Visualization of PCR Products

2.11.1 Silver Staining

The gel was transferred to a plastic tray and immersed in Fixing
Solution (an aqueous solution of 10 % (v/v) EtOH and 5 % (v/v) acetic acid)
for 15 minutes. Fixing Solution was replaced with Staining Solution (an
aqueous solution of 0.1 % AgNO; (Silver Nitrate)) for 45 minutes (Staining
Solution may be collected and re-used several times). The gel was rinsed
quickly two times with double distilled water. The gel was then put in
Developing Solution (an aqueous solution of 1.5 % (w/v) NaOH and 0.1
(v/v) formaldehyde (should be added just before use)) and kept until the
bands become noticeable (In this step, the gel should not be kept too long in
Developing Solution to prevent dark background). The gel was soaked in
Developing Stop Solution (0.75 % (w/v) aqueous solution of Na,CO;
(Sodium Carbonate)) for 20 minutes to stop further development. The gel
was transferred onto Whatman paper (3MM) and dried on the gel drier

(Savant SGD2000 Digital Slab Gel Drier, Savant Instruments, NY, USA).
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2.11.2 Visualization of Radioactively Labeled PCR products

PCR products were electrophoresed on 10 % non-denaturing
polyacrylamide gel at 140 volts for 3-4 hours. The gel was transferred to a
Whatman Paper (3MM), dried on gel drier (Slab Gel Drier SGD2000) and
exposed to X-ray film (Kodak, USA) for 4 days. Films were developed at

M_E.T.U Health Center.

2.12 Band Isolation of DNA from the Amplicon

The acrylamide/bis-acrylamide gel parts that harbor the amplicons
(2.10.1.) were cut by using a sterile cutter and incubated overnight at 37°C in
300 pL PAGE Elution Buffer (10 mM Mg(OAc),.4H,0, 0.5 M NH,4(OAc),
1.0 mM EDTA (pH 8.0), 0.1 % SDS) in a presterilized eppendorf tube with
vigorous shaking as it is prescribed by Sambrook er al, 1989. After the
solution was taken to a new tube, 2.5 x volume of absolute ethanol was
added. After a 15 minutes spin at maximum speed (13 krpm) the supernatant
was discarded carefully without losing the pellet. A second spin as
previously was applied after 1 mL 90 % ethyl alcohol addition and the
supernatant was completely discarded. The ethanol was totally air-dried and
the pellet was dissolved in 20 uL PCR grade distilled deionized water. The

DNA solution was stored at -35°C.
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2.13 Elution of PCR Products from Agarose Gel and its

Preparation for Blunt-end Ligation

DNA was recovered by using a DNA Isolation Kit (MBI Fermentas,
Lithvania). Gel pieces containing the PCR amplified /dh gene fragment were
put in a 1.5 mL eppendorf tube. 4.5 volumes of kit NaJ solution and 2
volume of kit TBE conversion buffer was added and solution was incubated
at 55°C for 5 minutes (1 g gel = 1 mL). After 5 minutes incubation, 5 pL
suspended silica powder was added, mixed well and incubated at 55°C for
further 5 minutes. Silica powder was collected by centrifugation for 5
seconds at maximum speed (13 krpm) and the supernatant was put aside.
Collected silica powder was washed three times with 500 uL of kit washing
buffer. After washing, 130 pL of TE buffer (10 mM Tris (hydroxymethyl)-
aminomethane, Carlo Erba,] mM EDTA (Ethylenediaminetetraacetic acid,
pH 8.0) was added, incubated at 55°C for 5 minutes, solution was
centrifuged for 10 minutes and supernatant was taken to a fresh tube.

Supernatant was again centrifuged to get rid of any silica powder.

Tag DNA Polymerase attaches an extra nucleotide (usually Adenine)
in the 3"-end of the PCR products. Thus the recovered DNA was treated
with Klenow enzyme in order to fill in the 5'-ends of the PCR products.
Band isolated PCR products (130 pl) were equally aliquoted into four fresh

microfuge tubes and the filling-in reaction was performed in a mixture
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containing DNA, 4.5 units of Klenow enzyme, 1 x Klenow Buffer, 0.125
mM four dNTPs for 15 minutes at 30°C. Reaction was terminated with 10

minutes incubation at 75°C.

In order to increase the concentration of the Klenow treated DNA, a
precipitation was applied on the solution by adding 1/10 volume of NaOAc,
3 M (pH 5.2), and 2.5 x volume of ice-cold absolute ethanol. The mixture
was incubated for 30 minutes at -35°C and then centrifuged for about 5-10
minutes at 10,000 rpm. The supernatant was poured off and the pellet was
washed with 70 % ethanol. The pellet was air dried. The completely dried

pellet was then dissolved in 10 ul TE (ready for the blunt-end ligation).

2.14 Ligation of Overhang Repaired PCR Products to Smal

Digested pBSII(KS")

In 20ul final reaction volume, 10 pg of pBSII KS™ vector was
digested with 2ul Smal Restriction enzyme (Stratagene, CA, USA) in 1 x NE
Buffer 4(50 mM potassium acetate, 20 mM Tris-acetate, 10 mM magnesium
acetate, 1 mM dithiothreitol). The digestion was carried out for 2 hours at
37°C and the enzyme was inactivated by incubation of the vial at 65°C for 20

minutes. This reaction generates blunt-end digested vector.
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The digested reaction mixture was run on an 8 % acrylamide/bis-
acrylamide gel in order to confirm the digestion. After the visualization of
the Smal digested plasmid DNA of expected size, the bands were cut and

DNAs were isolated from the gel as in 2.10.2.

The ligation reaction was carried out in 20 pL final volume
containing 0.3 pg of Smal digested pBSII(KS"), 10 pL of prepared DNA
(2.10.8), 1 x Ligase Buffer (400 mM Tris-HCl, 100 mM MgCl,, 100 mM
DTT, 5 mM ATP (pH 7.8 at 25°C), MBI Fermentas, Lithuania), 25 units of
T4 DNA Ligase (MBI Fermentas, Lithuania). The reaction mixture was
incubated in a Thermal-cycler (Techne Progene, UK) for 23 hours at 12°C.
After heat inactivation of the ligase at 80°C for 10 minutes, the ligation
product was stored at 4°C. The transformation of the PCR products were

performed on freshly prepared competent cells.

2.15 Direct Ligation of PCR Products into TA Vector

To the 5 uL. of 50 uL PCR product obtained by using LDH4F-
LDH3R primer set, 1 pL of 10 x Ligation Buffer (MBI Fermentas,
Lithuania), 2 units of T, DNA Ligase (MBI Fermentas, Lithuania), 0.375
pg/uL TA3 pCR™ II vector (Invitrogen, 0.025 pg/uL) to a final volume of

11 pL were added. Reaction mixture was incubated at 12°C overnight.
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2.16 Preparation of Competent Cells

Competent cell preparation and transformation was accomplished
according to the protocols presented by Sambrook et al., 1989 (1.82). The
LB medium of 50 mL was inoculated with 1 mL of overnight-grown E. coli
(Dh5a) cells and grown until absorbance reading at 590 nm reaching 0.395.
Grown cells were transferred into sterile 15 mL polypropylene tubes
aseptically, kept on ice for 10 minutes, centrifuged at 2,000 rpm on a
swinging rotor centrifuge (DENLEY BS400, UK) for 3 minutes and medium
was decanted. The cells were washed in 10 mL of 50 mM ice cold-sterile
CaCl, solution twice and collected each time by centrifugation as above.
Between the washes the cells were kept on ice for 10 minutes. After the
second wash the cells were suspended in 2 mL CaCl,, stored at 4°C and used

for transformation in one or two days.

2.17 Transformation

2.17.1 Transformation of Blunt-end Ligation Products

Competent cells (E.coli /Dh5a) that were prepared, according to

2.16, 24 hours ago (It is known that efficiency of transformation increases if
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the competent cells wait on ice or 4°C for up to 48 hrs) were used in the

transformation reaction of blunt-end ligated PCR product.

On 200 uL competent cells, 10 uL of the ligation product (2.14) was
added and gently mixed by inverting the tube up and down. The mixture was
kept on ice for 30 minutes and immediately placed in a 42°C incubator for
exactly 90 seconds (without shaking) and then rapidly placed on ice and
incubated for 2-3 minutes. To the transformants 800 puL prewarmed SOC
or LB medium was added and they were incubated at 37°C for 45 minutes.
Finally, transformation products were spread (50 yL, 100 uL and 300 pL)
onto LB agar plates containing 40 pL. 40 mg/mL X-Gal (Sigma), 10 yL. 200
mg/mL IPTG (D-thiogalactopyranoside, Life Technologies, Inc.) and 60
pg/mL Ampicillin (Sigma). The colonies were left growing for 12-16 hours

at 37°C incubator.

The white and light blue colonies were picked up and grown in 2 mL
LB medium. The same colonies were also point inoculated on an LB-agar
plate and numbered as the same as the 2 ml. LB inoculated ones. The
plasmid isolations (from the 2 mL LB inoculates) were performed only from
the colonies that appeared white on the agar (2.8). All of the colonies were
replicated in 96 well microtitre plate containing LB and ampicillin and stored

at 37°C as glycerol stocks.
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2.17.2 Transformation of TA Cloning Vector

Transformation was performed according to TA cloning vector kit
manual. To the 50 pL of the freshly prepared E. coli / Dh5a competent
cells, 1 pL of the ligation product (direct ligation of PCR products of
LDH4F-LDH3R primer set) was added after a brief spin of the vial, mixed by
tapping gently and kept on ice for 30 minutes in 1.5 mL tube. The mixture
was incubated at 42°C for exactly 60 seconds and kept on ice for 2 minutes.
Addition of 450 pL of prewarmed SOC medium was followed by incubation
at 37°C for 1 hour at 225 rpm. During incubation, LB agar plates containing -
50 pg/mL Kanamycin (Sigma), 60 pg/mL Ampicillin (Sigma) and 40 pL of
40 mg/mL X-Gal (5-bromo-4-chloro-3-indolylB-D-galactopyranoside,
Sigma) were prepared (X-Gal must diffuse into the agar plate for at least 30
minutes). After 1 hour incubation, transformed cells were spread onto the
agar plate as 25 uL, 50 uL, 100 pL and 300 pL aliquots and incubated at
37°C overnight at inverted position. The transformed colonies appear white

after about 40 hours incubation.
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2.18 Plasmid Isolation and Endonuclease Restriction Enzyme

Digestion of Recombinant Vectors

Selected recombinant colonies were grown in 4 mL LB medium
containing 50 ug/mlL Ampicillin (TA vector harboring colonies were grown
in additional 50 pg/mL. Kanamycin) at 37°C overnight. Plasmids were

isolated from the overnight culture according to Kraft ef al., 1988.

The 3 mL cell cultures were collected in 1.5 mL eppendorf tubes by
a centrifugation of 2 minutes. 100 uL of an ice-cold solution containing 50
mM glucose, 10 mM EDTA, and 25 mM Tris-HCI, pH 8.0, was added and
cells were suspended completely. After 5 minutes at room temperature, 200
uL of freshly prepared solution containing 0.2 N NaOH, 1 % SDS was
added. The viscous samples were mixed by inversion and incubated for 5
minutes on ice. 150 pL of ice-cold potassium acetate, pH 4.8, was added,
mixed briefly by inverting and kept on ice for 5 minutes. The potassium
acetate solution was prepared by adding 7 mL glacial acetic acid and 3 mL
ddH;0 to 15 mL 5 M potassium acetate solution. Then, the samples were
centrifuged for 5 minutes at 13,000 rpm (Techne microcentrifuge, UK),
supernatants were taken to fresh tubes and again centrifuged to get rid of any
cell debris. Supernatants were treated with RNase A(Sigma) to a final
concentration of 50 pg/mL and incubated at 37°C for 30 minutes. An equal

volume of phenol/chloroform (~400 pL, 1:1, saturated with 10 mM Tris-
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HCl, 1 mM EDTA (TE), pH 8.0) was added, mixed briefly by inversion, and
spun in a microfuge for 2 minutes. The aqueous phase (top) was transferred
to a fresh 1.5 mL tube. DNA was precipitated with 2.5 x volume (~1 mL) of
ice cold absolute EtOH and washed with 75 % ethanol. Remaining ethanol

was evaporated and DNA pellets were dissolved in 20 uL TE Buffer.

The transformants that contain Blunt-end ligation vectors were
digested with EcoRI and BamHI endonucleases to recover the REEH-
RLDHA4F primed PCR product. The colonies that harbor TA cloning vectors
were digested with Hindlll and Apal to recover the amplified PCR
fragments primed by LDH4F-LDH3R and LDH4F-LDH3R primer sets. The

digestion procedures were as follows:

EcoR1 and BamHI Digestion

12 uL plasmid DNA (Recombinant pBSII(KS™) was incubated in 20
uL final reaction volume at 37°C for 3 hours in the presence of 2 uL. NE
Buffer 4 (New England Biolabs, MD, USA), and 3 puL EcoRI. The enzyme
was heat inactivated for 20 minutes and after the addition of 1 uL. NE Buffer

4 and 2 pL. BamHI the mixture was incubated for another 3 hours.
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HindIll and Apal Digestion

10 pL of TA plasmid DNA was incubated in a reaction mixture
containing 1 x NE Buffer 2 (50 mM NaCl, 10 mM Tris-HCI, 10 mM MgCl,,
I mM dithiothretiol pH 7.9 at 25°C)(New England Biolabs, MD, USA), 2uL.
Hindlll (Stratagene, 25units/ul) at 37°C for 3 hours in 20 pL final volume.
The hydrolysis reaction was terminated by 20 minutes incubation at 65°C.
On the 20 uL Hindlll digested sample, 2 pug of BSA (Bovine Serume
Albumin), 2 pL Apal (20 units/uL) were added in the presence of 1 x Apal
buffer and the reaction volume was adjusted to 40ul final volume. The
reaction was carried out for 3 hours at 25°C and stopped by incubation at

65°C for 20 minutes.

The digestion products were detected on 10 % polyacrylamide/bis

acrylamide gels.

2.19 Northern Hybridization of RNA Fractionated by Agarose-

Formaldehyde Gel Electrophoresis

RNA can form secondary structures by intramolecular basepairing,
therefore must be electrophoresed under denaturing conditions, which can be

achieved by adding formaldehyde to the gel and the loading buffer (2 mM
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EDTA (pH 8.0), 0.25 % (w/v) bromphenol blue, 0.25 % (w/v) xylene
cyanol, 50 % (v/v) glycerol). The procedure was followed from Ausubel,

1994.

2.19.1 Electrophoresis of Rhizopus oryzae Total RNA on an

Agarose-Formaldehyde Gel

1 % agarose gel was prepared by dissolving 1 g agarose in 72 mL
water, cooled to 60°C and 10 mL of 10 x 3-(N-morpholino)-propanesulfonic
acid (MOPS) Bufter, pH 7.0, (0.4 M MOPS (pH 7.0), 0.1 M sodium acetate,
0.01 M EDTA) and 18 mL of 12.3 M formaldehyde was added in a fume
hood. The gel was poured and allowed to set. The RNA samples were run

in 1 x MOPS Running Buffer.

RNA sample volume was adjusted to 11 pL  with
Diethylpyrocarbonate (DEPC) treated dd-H,O. On the sample, 5 pL of 10 x
MOPS Running Buffer, 9 uL of 12.3 M formaldehyde, and 25 uL. formamide
were added. The mixture was vortexed briefly, spinned for 10 seconds and
incubated for 15 minutes at 55°C. The prepared RNA samples were run as
dublicates on the gel. The gel was run at 60 volts until the bromphenol blue
dye migrated to two-thirds of the gel. The bands of the molecular weight

size marker (A / HindIll) on the gel were marked. The lanes to be stained
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were cut off and placed on an RNase-free glass dish. 0.5 M ammonium
acetate was layed on to cover the gel piece and soaked for 20 minutes. The
solution was changed and soaked another 20 minutes to remove the
formaldehyde. The solution was replacéd with 0.5 pg/mL ethidium bromide
in 0.5 M ammonium acetate, and stained for 40 minutes. The gel was

examined on a UV transilluminator (Foto/UV 21, Fotodyne).

2.19.2 Capillary Transfer of RNA from the Gel to a

Nitrocellulose Membrane

The portion of the gel that was not stained, was placed on an RNase-
free glass dish and rinsed with several changes of dd-H,O. An upward
capillary transfer apparatus was designed by covering a solid support with
wicks made up Whatman 3MM paper. The gel was placed on the filter paper
and air bubbles were removed through rolling a pipette over its surface
(Avoid short-circuiting of the buffer by placing serene-wrap over the edges
of the gel). A piece of nitrocellulose membrane was cut and wetted in a
distilled water in an RNase free dish water was replaced with 20 x SSC
(Sodium chloride-sodium citrate)(for 1 liter solution, 175.3 g of NaCl and
88.2 g of sodium citrate in 800 mL of water was dissolved, pH was adjusted
to 7.0 and water was added till 1 liter) and left the membrane in it for 10

minutes. The membrane, then, was placed on the surface of the gel and any
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air bubble was removed. The surface of the membrane was flooded in 20 x
SSC and five sheets of Whatman 3MM paper were placed on the surface of
the membrane. Paper towels, same size with membrane was put on them to
a height of 5 cm. A glass plate was put on the top of the assembly, a weight
was put on it and left overnight securely. RNA transferred membrane was

ready for hybridization.

2.20 Restriction Digestion of DNAs from Rhizopus oryzae,

S. cerevisiae C468 and Lactococcus lactis

Hindlll, EcoRl, and BamHI digestions of DNAs from R. oryzae
(1.55 pg/ul), S. cerevisiae (from 2.9 pg/uL) and L. lactis (from 1.6 pg/ul)

were performed.

In each digestion with HindlIIl, 20 ug DNA and 50 units of enzyme
were used and the reaction was performed in 1 x NE Buffer 4 (20 mM Tris-
acetate, 10 mM magnesium acetate, SOmM potassium acetate, 1| mM DDT
(pH 7.9 at 25°C), New England Biolabs, MD, USA) in 30 pL final reaction
volume for 3-4 hours. The enzyme was then heat inactivated (20 minutes,

65°C).
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In a 30 pL final reaction volume, 30 units of EcoRI were used to
digest 20 pg genomic DNA of bacteria, fungus and yeast in 1 x original
buffer of EcoRI (50 mM Tris-HCl (pH 7.5), 10 mM MgCl,, 100 mM NaCl,
0.02% Triton X-100). The reaction was carried out for 3-4 hours at 37°C

and was terminated with 20 minutes heat inactivation at 65°C.

In 35 uL final reaction volume, 45 pg genomic DNA of R. oryzae, L.
lactis, and S. cerevisiae were digested with 20 units of BamHI in 1X original
buffer of BamHI (10 mM Tris-HCI (pH 8.0), 5 mM MgCl,, 100 mM KCl
and 0.02 % TX-100) for 3-4 hours. The reaction was carried out for 3-4

hours at 37°C and was terminated with 20 minutes heat inactivation at 65°C.

2.21 Southern Blotting and Hybridizations of Various
Restriction Enzyme digested genomic DNA of R. oryzae, L. lactis

and 8. cerevisiae

The procedure applied was quite similar to that of Northern Blotting

(Capillary Transfer of RNA) described in detail in 2.19.

After overnight transfer of the digested DNA samples on a piece of
nylon membrane (Stratagene Duralon-UV Membranes), the membrane was

prepared for hybridization. Before the transfer the marker bands (fragments
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of A / Hindll), the lanes and the orientation of the gel was carefully assigned
in correlation with the gel. The membrane was taken on a Whatman 3MM
paper and baked at 80°C for about 20 minutes. After putting on a plastic
wrap the membrane was put on a UV-transilluminator upside-down and

irradiated for 1 minute. It was put in between paper towels until use.

2.22 Electroblotting of L. lactis Genomic DNA

PCR reaction with L. lactis DNA was accomplished as in 2.10.1 and
the amplicons of proper size were detected after ethidium bromide staining

of 8 % polyacrylamide/bis-acrylamide gel.

A piece of nylon membrane (Stratagene Duralon-UV Membranes)
that was just big enough to cover the relevant parts of the gel was cut.
Double distilled water of about 0.5 cm in deep was poured in a glass dish and
membrane was wet by floating it on the surface of the water and then

submerging in. The membrane was left in water for 5 minutes.

When electrophoresis was complete, one glass plate from the
electrophoresis apparatus was removed, stained and photographed. The
bands of the marker on the gel were marked by punching holes with a

Pasteur pipette. A piece of Whatman 3 MM paper, slightly larger than the
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gel, was cut and laid on the surface of the gel. Air bubbles were removed by
rolling a glass pipette on the surface and the gel was made to adhere to the
filter paper. The gel was lifted off the glass plate by peeling the filter paper

away.

Two Scotch-brite pads were soaked in 0.5 x TBE (ice-cold) and air
pockets were removed by repeated squeezing and agitation. Four pieces of
Whatman 3MM paper, same size as the gel, were cut and soaked in 0.5 x
TBE for 15-30 minutes. The opened gel holder of the Trans-Blot cell (Bio-
Rad) was placed in a shallow tray with the gray panel resting flat on the
bottom and one of the saturated Scotch-bride pads was placed on the inner
surface of the grey panel. Two soaked filter papers were placed on the pad
and any air bubble entrapment was removed by rolling a glass pipette over

the surface of the top paper.

The filter paper carrying the gel was flooded on 0.5 x TBE and
placed on top of the filter-paper stock. The surface of the gel was flooded
with 0.5 x TBE and the prewetted membrane was placed onto the gel. The
surface of the membrane was flooded with 0.5 x TBE and the other two
saturated Whatman 3MM paper sheets were placed on top, followed by a
second 0.5 x TBE saturated Scotch-bride pad. The gel holder was closed.
The Trans-blot cell was half-filled with 0.5 x TBE (ice-cold) and the gel

holder was placed in the cell with the grey panel (gel site) facing towards the
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cathode. The cell was filled with 0.5 x TBE and electroblotted. The
electroblotting apparatus was connected to the power supply (Biometra High
Voltage Power Pack P30) and electroblotting was performed in ice-cold 3-4
liter 0.5 x TBE at 30 volts for 3-4 hours. The assembly was taken apart and
the orientation of the membrane was marked by cutting upper left corner.
The DNA on the membrane was denatured in 0.4 M NaOH for 10 minutes.
The membrane was rinsed in 2 x SSC, placed on a sheet of Whatman 3MM

paper and allowed to dry. It was kept in an oven at 80°C for 2-3 hours.

During the immobilization of the DNA, the membrane was wrapped
with a UV-transparent plastic wrap, placed DNA-side down on a UV
tansilluminator (350 nm wavelength) and irradiated for 5-10 seconds. The
dry membrane can be stored in between two sheets of Whatman 3MM paper

for several months at room temperature.

2.23 Hybridization of Radioactively Labeled PCR Probes onto

DNA Transferred Membranes

PCR contained 10-50 ng band isolated L. lactis ldh gene fragment, 1
x PCR Buffer (10 mM Tris-HCI, pH 8.8 at 25°C, 50 mM KCl, 0.8 %

Nonidet P40), 1.5 mM Mg 50 pmol of both LL1F and LL2R primers, 0.1
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mM each dNTPs, 1 unit of 7ag DNA polymerase, and 1.25 pL (o-"P)-
dATP (3000 Ci/mmol, Amersham, USA). PCR (50 ul) conditions were the
same as the ones that successful amplification of L. lactis Idh gene fragment
obtained (30 cycles of 1 minute at 94°C and 1.5 minutes at 60°C steps).
Unincorporated nucleotides were removed by spinning through Sephadex
GSO column (1 mL packed volume, washed with 1 x TE Buffer). The
transfer membrane was placed, DNA-side up, in a hybridization tube and ~1
mL aqueous prehybridization/hybridization solution (5 x SSC, BLOTTO (5
% (w/v) nonfat dried milk, 0.02 % (w/v) NaNj in H,0) as blocking agent, 50
% (w/v) formamide, 1 % (w/v) SDS, and 100 pg/mL denatured salmon
sperm DNA added just before use) per 10 cm” of membrane. The tube was
placed in the hybridization oven and incubated at 50°C for 3 hours with
rotation. The heat denatured (10 minutes at 80°C) radioactively labeled PCR
products (L. lactis Idh gene fragment) were added into the prehybridization
solution and hybridization was performed overnight in a hybridization oven
(Techne Hybridizer HB-2D, UK), at 50°C.  The prehybridization/
hybridization solution was poured off and an equal volume of 2 x SSC/0.1 %
SDS was added. It was incubated with rotation for 10 minutes at room
temperature (the wash solution was changed after 5 minutes). The wash
solution was replaced with an equal volume of 0.2 x SSC/0.1 % SDS and
again incubated with rotation for 10 minutes at room temperature (the wash
solution was changed after 5 minutes). The final wash solution was poured

off and the membrane was rinsed in 2 x SSC at room temperature and the
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excess liquid was blotted. The membrane was wrapped in a piece of plastic
wrap. An X-ray film (Kodak, USA) was exposed to the membrane and
autoradiography results were obtained by using METU Health Center
Facilities. The success of the PCR amplification of the probe (gene ﬁagment
of L. lactis Idh gene fragment) was previously confirmed by exposing a very
small aliquot of it, run on a polyacrylamide gel, to a piece of X-ray film

(Kodak, USA).

2.24 Hybridization of Southern and Northern Blots Using a Dig-

Labeled L. lactis Idh PCR Product as a Probe

Hybridization with a Digoxygenin-labeled probe was conducted
according to the manufacturer’s procedure (Dig DNA/RNA Labeling Kit,
Boehringer Mannheim, Germany). The hybridizations were carried out in a
hybridization oven (Techne Hybridizer HB-2D, UK) at 42°C for at least 6

hours.
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CHAPTER I

RESULTS AND DISCUSSION

A fragment of ldh gene from a filamentous fungus, R. oryzae, was
amplified and isolated by means of RT-PCR. DNA and total RNA of R.
oryzae were isolated. From the total RNA, cDNA was synthesized to be
used as template in PCR (RT-PCR). In some experiments cDNA or DNA
was first enriched with PCR amplification, using 10mer oligos as primers, at
reduced annealing temperatures and this product was used as a template in
the secondary PCR by using Rhizopus specific degenerate primers (Table
2.2). The reamplification of the band isolated PCR product was also
performed. The ends of the PCR products were filled by treatment with
Klenow fragment, before blunt-end ligation. The ligation products were
transformed 'into competent F. coli cells and recombinant plasmids were
isolated and subjected to restriction digestion in order to confirm the success

of cloning.

On the other hand, PCR amplification, by using homologous primers,
of a fragment of the /dh gene from L. lactis, a fragment that covers the PCR

product of R. oryzae Idh amplicon, was also achieved. This product can be



used as a probe for confirming the R. oryzae ldh PCR product and the
isolation of the whole /dh gene. Some experiments with S. cerevisiae were
also conducted with the purpose of generating an /dh PCR amplification

product. This attempt was not resulted in any specific product and left over.

The schematic representation of the thesis study is given in Figure

3.1
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R. oryzae S. cerevisiae C468 L. lactis
DNA isolation RNA isolation DNA isolation RNA isolation DNA isolation
1° PCR (10mers) ¢DNA synthesis | | 1”PCR (10mers) ¢DNA synthesis | ['PCR (L. lactis
specific primers)

2°PCR (R. oryzae
specific primers)

RT-PCR(R. oryzae
specific primers)

2°PCR (R. oryzae
specific primers)

RT-PCR(R. oryzae
specific primers)

Direct cloning into
TA vector and
transformation into
DhS5a

Band isolation of
PCR products

*Klenow treatment of PCR products
oSmal digestion of cmm:ﬁAmJ
*Ca(l treatment of XL1-Blue (E. coli)

Cloning into pBSII(KS™) and
Transformation into XL1-Blue (E. coli)

Band isolation

Reamplification

Figure 3.1 General outline of
the thesis work
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3.1 Concentration Determination of DNA Samples

Determined concentrations of isolated genomic DNA from L. lactis,

R. oryzae and S. cerevisiae C468 are given in the Table 3.1.

Table 3.1. Concentrations of genomic DNAs from various sources

Chpll Wet Vol. Aze/ Conc. Total DNA
Sec.# (mL) Axsy  Aago Az (pg/pL) (mg)
L. lactis 23 2.5 197 1.0 1.96 987 24.7
R. oryzae 2.2 2.0 065 037 178 1.63 3.26
S.cerevisiae 24 2.6 043 021 205 214 5.56

The yield and the integrity of genomic DNA isolates of L. lactis, R.

oryzae and S. cerevisiae C468 were acceptable for PCR and endonuclease

restriction enzyme hydrolysis experiments (Figure 3.2).
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Figure 3.2: R. oryzae genomic DNA isolated as in Materials and Methods,
2.2. M: ®X 174 DNA/ Hindlll Digested DNA standard. Lanes; 1 through
4 are the final isolated DNA products of the aliquots from the same cell
extract (3 ug DNA/lane) separated on 0.8 % agarose gel.
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3.2 RNA Preparation from Rhizopus oryzae

For total RNA isolation, various ways to break open the R. oryzae
cells were tested. At first, cells were tried to be broken via an Ultrasonic
Homogenizer 4710 at scales 40 and 50 for 20 seconds in 2 mL. TRIZOL
Reagent and followed by TRIZOL Reagent purification procedure. The
resultant RNA concentration was 0.178 pg/uL. Purification of poly(A)’
RNA according to Ausubel, 1994, was also tried, however, did not give a

high yield to be used as a template for cDNA synthesis.

Best results of total RNA purification was obtained when the cells
were broken open by homogenization in TRIZOL Reagent using a hand-held
homogenizer (treated with RNAZAP) after liquid nitrogen disruption of the
cell walls. The total RNA diluted 1:100 gave the absorbance readings in

Table 3.2.

Table 3.2. Spectroscopic data of R. oryzae total RNA

Wavelength (nm.) Absorbance
260.00 0.062
280.00 0.033
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From the above spectroscopic values the concentration of total RNA
of R. oryzae was calculated to be 9.39 pg/ul.. This method gave enough
RNA for further experiments (cDNA synthesis). The purity of the RNA was

also satisfactory. Ajeo/Azso value was calculated to be 1.88.

3.3 cDNA Synthesis

At first, cDNA synthesis experiments were performed with Avian
myeloma virus Reverse Transcriptase (AMV-RT) enzyme using random
hexamer or Oligo(dT). Later when the enzyme switched to Mouse-Murine
leukemia virus Reverse transcriptase (M-MuLV-RT) (MBI Fermentas,
Lithuania) better results were obtained. The synthesized cDNA was very
satisfactory for our purposes, the autoradiogram of the (a-">S)dATP labeled
cDNA is shown in Figure 3.3. The fragment lengths of synthesized cDNA
was mostly between 3 kb to 200 bp. The maximum size of PCR products
were expected to be around 800 bp. Therefore, the cDNA fragments were

adequate as a template for targeted PCR amplification.

77



A DNA / HindIII Digest

21, 226 bp
9, 416 bp
6, 557 bp
4,361 bp
OX 174 DNA / 2 392b
Hae IIT Digest 2’ 027 bg
1,353 bp
1,078 bp
872 bp
603 bp

310 bp

281 bp

Figure 3.3: Autoradiograph of (o-’S)dATP labeled ¢cDNA synthesis
products. 4 uL reaction product was loaded on a 1 % agarose gel, and
developed for 6 days. 1. cDNA synthesized using random 10mers (10 pmol
of each 10mer), 2. cDNA synthesized using random hexamer (5 mM).
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3.4 Degenerate primers for ldh of R.oryzae

More than 100 Idh gene sequences have been reached
through GenBank and other DNA sequence databases. From these
sequences more than 40 were available in research papers (Appendix
VI). The sequences were carefully analyzed and the regions that
were conserved in almost all the searched living systems were
determined. Evolutionary studies based on /dh gene of many
organisms also show that some regions are evolutionary conserved
(Ferreira,1991; Griffin ez al., 1992). The Idh gene carries the highest
conservation mainly in its active site. The primers were constructed
targeting the active site, the regions of structurally conserved part,
coenzyme-binding part and substrate binding parts (Figure 3.4). The
organized sequence data, given at Appendix VI, were used in the
design of the primers with the aid of a computer program (Primer
Detective). When designing degenerate primers, although 3'-end
homologies can be avoided, to avoid self- and cross-homologies are
practically impossible, which of course make it difficult to specifically
amplify any region of DNA or ¢cDNA using degenerate primers.
Thus producing a clean amplification of a long fragment of R. oryzae
Ildh gene with a set of degenerate primers (discussed in this chapter)

was an achievement.
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1 GATCTTAAAA CAATACAGCC TGCCGCTATC GACAGGCCCT ATTGTTGAAA AGATTATATT

61 TTATAAAATA CTCGTTTATA ATTTGAAAGG AATTAAAGAA AATCATGGCT GATAAACAAC
M A D K Q

. RIDH4F %
5'gegece LDH4FAI 3
b LLIF 3

121 GTAAGAAAGT TATCCTTGIT GGTGACGGTGCT GTAGG%"TC ATCATACGCT TTTGCCCTTG
R KK vI LV GD G AV G § S Y A F AL

181 TTAACCAAGG AATTGCACAA GAATTAGGTA TTGTTGACCT TTTTAAAGAA AAAACTCAAG
VNQ GI A Q E L G 1 VDULTFI KEIKTQ

241 GGGATGCAGA AGACCTTTICT CATGCCTGTG CATTTACATC ACCTAAAAAG ATITACTCTG
G DA E DL S H AC A F T S P KX 1T Y S

301 CAGACTACTC TGATGCAAGC GACGCTGACC TCGTTGTCTT GACTTCTGGT GCTCCACAAA
A DY S DAS DADULVYV VL TS G A P Q

5 LDHI1F 3

361 AACCAGGTGA AACTCGTCTIT GACCTTGITG AAAAAAATCT TCGTATTACT AAAGATGTTG
K PG E TRL DLVY E K NULIRIT KDYV

S —e
421 TAACTAAAAT TGTTGCTTCA GGATTCAAAG GAATCTTCCT CGTTGCTGLT AACCCAGTTG
v T K1 vV ASsS GF K GI F L V AA NUPYV

LDH2F W3
481 ACATCTTGAC ATACGCAACT TGGAAATTCT CTCGTTTCCC TAAAAACCGT GTTGTAGGTT
DI L T Y AT WK F SRVF PK NIR V V G

3. LDHSR 5
541 CAGGTACTTC ACTTGATACT GCACGTTTCC GTCAAGCATT GGCTGAAAAA GTTGACGTTG
$ G T S L DT A RF RQ A L AE K V DV

3. LDH3R 5
601 ATGCTCGTTC AATCCACGCA TACATCATGG GTGAACACGG TGACTCAGAA TTTGCTGTTT
DAR S1 HAYI MG EH GDPS EF AV

Figure 3.4: Primer Design. Sequence template is of L. lactis Idh gene, Griffin, 1992. The arrows
indicate the direction of the primers.

80



661 GGTCACACGC TAACGTTGCT GGTGTTAAAT TGGAACAATG GTTCCAAGAA AATGACTACC
W S H A NVA GV KL EQ WF QE NUDY

721 TTAACGAAGC AGAAATCGTT GAATTGTTTG AGTCTGTACG TGATGCAGCT TACTCAATCA
L NE A E 1 V E L F E 8V RDAAY S 1

3 REEHR 5
3 EEHRBI __ cctaggtt 5°
781 TCGCTAAAAA AGGTGCAACA TTCTACGGTG TGGCTGTAGC CCTTGCTCGT ATTACTAAAG
I1 A K KGAT FYG VAV ALARTITEK

3; LL2R
841 CAATTCTTGA TGATGAACAT GCAGTACTTC CTGTATCAGT ATTCCAAGAT GGACAATATG
A 1 L DD EH AVLI PV S VFQD G QY

—5
901 GGGTAAGCGA CTGCTACCTT GGTCAACCAG CTGTAGTTGG TGCTGAAGGT GTTGTTAACC
GV § DCYL GQ P AV VYV GAE G VYV N

961 CAATTCACAT TCCATTGAAC GATGCTGAAA TGCAAAAAAT GGAAGCTTCT GGACCTCAAT
P11 HI1 P L NDAE MQKMEAS G P Q

1021 TCAAAGCTAT CATCGATGAA GCTTTTGCTA AAGAAGAATT TGCTTCTGCA GTTAAAAACT
F X A 1 1 D E A F A KEE F A S A V.XK N

1081 AAAAATAAAA AAGAGTTAGT AGAAAATTTC GAACTAACTC TTTTTATTAT ATTTAAAAGT

1141 TTGCTTTAAA CTATAATAAA AAAGTCTGTT CATCGACACT TTTTTATTIT TAGAAATT

Expected PCR product sizes

R. ory:zae primer sets R oryzae primer sets

RLDHA4F ~680 bp— REEHR LLIF 767 bp— LL2R
RLDHA4F 512 bp— LDH3R

RLDH4F —427 bp- LDH5R

LDHIF-~---s—— 443 bp~—~r—————REEHR

LDHIF. 284 bp- LDH3R

LDH2F: 338 bp— REEHR

Figure 3.4 Continued
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3.5 PCR Amplifications of R. oryzae ldh Gene Fragment

PCR (Polymerase Chain Reaction) conditions for proper
amplification of the desired R. oryzae Idh fragment were optimized by
performing hundreds of reactions. Different primer annealing and extension
periods as well as different annealing temperatures were tried to be
optimized for almost all the possible sets of R. oryzae specific, degenerate
primers. The different template, Mg®", primer, dNTPs and Tag DNA
Polymerase concentrations were also tried to adjust the optimum reaction

conditions for each sets of primers chosen (Figure 3.4).

Rhizopus oryzae cDNA or DNA was used as template in PCR
amplification experiments. The forward primers; LDH1F, LDH2F, LDHA4F,
LDH4FAI, RLDHAF and the reverse primers; EEHRBI, REEHRBI,
LDH3R, LDH3RBI, and LDH5R were used as different combinations as
long as the chosen primers were not showing 3 -end homologies. ¢cDNA or
DNA was used as a template either directly or after enrichment amplification
with random 10mers. Preliminary positive results were obtained quite early
from LDH4F-LDH3R and LDH4F-LDHSR primer sets when 0.02 units/ul
of enhancer protein was used. Figure 3.5 shows amplification products with

various different PCR conditions.
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1st PCR/ADNA 2uL) - + + +
Ist PCR/DNA 2pl) + -

LDH 5R (100 pmol) + -

LDH3R (100 pmol) - + - -~

LDH4F (100 pmo) + + 4+ +
bp 1 2 3

62 2
52 77—

40
307

242
27—

Figure 3.5: Ethidium bromide stained 8 % acrylamide/bis-acrylamide gel
carrying the 2° PCR products from the R. oryzae. M1 (1 ug) and M2 (0.3
ug) are pBR322/Mspl fragments. Lane 1: 2° PCR product in which 1° PCR
product (2 uL) used as a template using LDH4F/LDH5R primer set. The 1°
PCR product was a result of PCR reaction using genomic DNA as a template
together with random 10-mers. Lanes 2 and 3: 2° PCR products in which 1°
PCR product (2 pL) used as a template using LDH4F/LDH3R and
LDHA4F/LDHS5R, respectively. The 1° PCR product was a result of PCR
reaction using cDNA as a template together with random 10mers. Lane 4:
negative control. Arrows on the scanned image, on lanes 2 and 3, indicate
the specific products.
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The slight difference in the size of the PCR amplification products,
pointed with arrows on the image, were due to the difference in the regions
occupied by the primer sets used. The backward primer LDHSR which was

-used in reaction number 2, was designed from 50 bp upstream of the primer
LDH3R used as a backward primer in reaction number 3 (Figure 3.4). When
genomic DNA was used a much larger PCR product can be expected if the
primers were flanking an intron region. This was why RT-PCR or as it is
also called RNA-PCR was the focus of the thesis. It was attempted to clone
these products after band isolation so that reamplification via another PCR
could be performed in order to obtain large amount of the band.
Unfortunately, PCR amplification failed due to a power outage. Template
was lost. The very crucial component of PCR, Enhancer, was also used up.
Since the above PCR conditions were optimized in the presence of Enhancer,
it was not possible to reproduce the products seen on the Figure 3.5, Lanes
2, 3. Thus, later, the optimization of PCR with various newly synthesized

primers, in the absence of enhancer was tested. On the other hand, as little
as avaliable band isolated product from the Lane 3 of Figure 3.5 was
attempted to be cloned into TA vector (2.15). The results are presented later
in section 3.8. Primers (RLDH4F and REEHR) with reduced degeneracies

were designed and have custom synthesized, used in recent experiments and

much better results were obtained (Fig. 3.6).



However, occasionally contaminations were observed and there were
amplifications in the control samples with no DNA (Figure 3.6). Actually,
the band in the control samples showed up only when the Mg concentration
were identical to their respective positive reactions. Also the size of the
product was similar. These observations increase the possibility of a
contamination from ¢cDNA of R. oryzae into the other reagents of PCR
including the stock of primer sets, instead of any other source of

contamination.
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Mgcone.(mM) 1 1 3 3 1 3
¢cDNA  @L)02 2 02 2 - -

M 1 2 3 4 5 6

bp

Figure 3.6: PCR amplifications of R.oryzae ldh fragment from cDNA 1.0
and 3.0 mM Mg concentrations at 60°C of annealing temperature. In each
reaction 100 pmols from each primer (RLDH4F and REEHR) and 1 unit of
Tag DNA polymerase were used. The amplification were, at 94°C for 1
minute of denaturation, 60°C for 1 minute of annealing and 72°C for 30
seconds of primer extensions, conducted for 35 cycles. M: ¢X 174 DNA/
Hinfl Digested DNA size marker. Lanes 1, 2, 3 and 4: PCR by using
different cDNA and Mg” concentrations. Lane 5: The negative control of
the reactions #1 and #2. Lane 6: The negative control of the reactions #3
and #4.
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Further PCR amplifications of R. oryzae cDNA were performed by
trying slightly different conditions. The procedure was optimized as in
Figure 3.7. Secondary amplifications were also performed by using the first
cycle PCR product as template (2.10.4) in the second PCR experiments and
the similar results were obtained (Figure 3.7). Figure 3.7 also compares the
Idh fragment from L. lactis to Ildh fragment of R. oryzae. The PCR was
performed using 100 % homologous primers designed by us, targeting the
conserved regions and largest possible amplification. The analysis of the
Figure 3.7 reveals that the L. lactis Idh product size is greater than that of R.
oryzae Idh product size. The difference in the expected range
(approximately 70 bp long) is based on targeted regions by designed primer
sets. In this set of reactions when newly prepared dilutions of reagents were
used, we did not see contamination in the negative control. The smear
observed in Lane 5 is typical of carry-over reaction in PCR, since Lane 5
contains the PCR amplification performed in PCR product from Lane 4 of

Figure 3.6, this observation can be admissible.

The importance of this set of reactions is that the optimized
conditions are reproducible. Since the goal of this thesis study is to isolate
the ldh gene fragment of R. oryzae, the study was focused on firstly
obtaining of large amount of this specific band and secondly cloning of it into

a vector (3.8).
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PCR product (Fig. 3.5, Laned4) - - - - + -
R. oryzae (cDNA) - - + o+ + -
L. lactis (DNA) + - - - - -
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Figure 3.7: Comparison of PCR products of R. oryzae and L. lactis. PCR
was performed by subjecting the reaction mixtures to 35 cycles of
denaturation at 94°C for 1 minute, primer annealing at 60°C for 1 minute and
primer extension at 72°C for 1 minute. M: ®X 174 DNA/ Hinfl Digested
DNA size marker. Lane 1: L. lactis Idh fragment amplification at 1.5 mM
Mg concentration and 50 pmol from each LL1F and LL2R homologous
primers. Lane 2: Negative control of reaction #1. Lane 3: R. oryzae Idh
gene fragment (region occupied by the primers RLDH4F and REEHR)
amplification (Figure 3.6, Lane 4) by using 3 mM Mg concentration and
100 pmol of each primer . Lane 4: 10-fold higher R. oryzae cDNA
concentration was used as template in the same reaction conditions with the
reaction #3. Lane 5; 1° cycle R. oryzae PCR product was used as a template
in 3 mM Mg" concentration and 100 pmol of each primer (RLDH4F and
REEHR). Lane 6; Negative control of R oryzae PCR amplifications
(reactions 3 to 5).
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A bulk PCR amplification of R. oryzae ¢cDNA was obtained in 4
reactions that were reproduced and separated on an agarose gel (Figure 3.8).
The bands observed at expected size were cut, pooled together and gel
isolated (2.12). DNA was used for blunt-end cloning into pBSII(KS"). The

results of cloning was discussed in section 3.8.
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Figure 3.8: Scanned image of the 2 % agarose gel electrophoresis of R.
oryzae Idh amplification. M: A DNA/Hindlll digested DNA size marker.
Lanes 1 to 4; PCR was performed by subjecting the reaction mixtures to 35
cycles of denaturation at 94°C for 1 minute, primer annealing at 60°C for 1
minute and primer extension at 72°C for 1 minute. R. oryzae Idh gene
fragment (region occupied by the primers RLDH4F and REEHR)
amplification by using 3 mM Mg concentration and 100 pmol of each

primer.
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3.6 PCR Amplifications of L. lactis Idh Gene Fragment

There are various reasons for why PCR amplification of L. lactis

fragment was performed.

Firstly, it can be used as a probe to confirm the PCR product of R.
oryzae. The fact that the designed primers to L. lactis includes the region
which was amplified from R. oryzae makes it an excellent probe. Also
during the PCR amplification of L. lactis Idh gene fragment, it can be easily

radioactively labeled in the presence of any radioactive dNTP.

L. lactis PCR amplified /dh gene fragment can also be used as a
probe for Southern and Northern hybridization experiments, in order to
facilitate the isolation of the whole ldh gene of R oryzae in the future

studies.

L. lactis ldh gene amplification of the region occupied by the
homologous primers LL1F and LL2R was performed. The primers were
designed by using the L. lactis Idh gene sequences (Griffin et al., 1992) as

template.

In the first bacterial DNA amplification, PCR cycling conditions were

1 minute of denaturation at 94°C, 1 minute of primer annealing at 50°C, and
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1 minute of primer extension at 72°C. The reaction was cycled for 30 times.
From this reaction nonspecific amplifications were detected. It was decided
that the annealing temperature should be increased. The first attempt at 60°C
annealing temperature, the reaction resulted in a very clean and specifically
amplified product. This was not surprising since the primers were
homologous. It should be added that the attention and the great effort put in
the designing of primer sequences to avoid self-, cross- and 3'-end

homologies paid off. The PCR conditions were optimized as in Figure 3.9.

The best amplification was detected at 1.5 mM Mg'* concentration.
The intensity of the amplification product was decreased in 2.5 mM Mg*
concentration and the band was almost undetectable when the amplification
was carried out at 3.0 mM Mg”’ concentration. Thus, further experiments
with L. lactis DNA amplifications were carried out in 1.5 mM Mg

concentration.
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Figure 3.9: Scanner image of the PCR amplification of L. lactis ldh
fragment run on 8 % polyacrylamide/bis-acrylamide gel electrophoresis. In
the amplifications, 50 pmol of each primer (LL1F and LL2R), 0.5 mM of
each dNTPs, 0.96 units of enzyme 7ag DNA Polymerase and 50 ng of L.
lactis DNA was amplified. Different Mg concentration were used: Lane 1:
1.5 mM, Lane 2: 2.5 mM, Lane 3: 3.0 mM. Lane C2: 2.5 mM, negative
control. The reactions were carried out for 1 minute at 94°C of denaturation
and 1.5 minute at 60°C of annealing and extension steps for 30 cycles. M:
®X 174 DNA-Hinf 1 digested DNA size marker.

93



The bands that were detected in Figure 3.9 were aseptically cut and
DNA was recovered as it was described in 2.12. The recovered PCR
products were subjected to second cycle Polymerase Chain Reactions and

the same amplicons were observed (Figure 3.10).
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Figure 3.10: Scanned image of PCR amplification of a fragment of L. lactis
ldh gene. M: ®X 174 DNA-Hinf 1 DNA size marker. Lane 1: Carry-over
PCR using product of PCR in Figure 3.9, Lane 1. Lane 2: Positive control,
repeat of PCR in Figure 3.9, Lane 1. C: The negative control (no DNA).
The upper arrow indicates the specifically amplified product. Lower arrow
indicates the unused primers.
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In another related experiment different concentrations of L. lactis
DNA and “Gel Recovered DNA” were amplified, and the effects of the
presence and the absence of mineral oil were determined. Similar results
were obtained with the reaction in which mineral oil was not included on the
reaction mixture and the thermocycler wells (Figure 3.11). The reason of
such testing is that, at the time of performing these experiments, a control
chip of the thermocycler was replaced with a better temperature controlling
one. Thus we wanted to confirm the ability and the accuracy temperature
control of new chip, performing very well working PCR in the presence and
absence of mineral oil. As it can be seen in Figure 3.11, we have observed

no difference in amplification with or without mineral oil.
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Figure 3.11: PCR amplifications of L. lactis Idh fragment in the presence
and absence of mineral oil. M: ®X 174 DNA-Hinf 1 DNA size marker. The
reactions (1,2,3) were performed in the presence of mineral oil and the last
three in the absence of mineral oil. Lanes 1 and 4; 50 ng of L .lactis DNA,
Lanes 2 and §; Band isolated 1° PCR products, Lanes 3 and 6; Negative
controls.
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It should be indicated that the smear observed on the Figure 3.10,
Lane 1 and Figure 3.11, Lanes 2 and 5 are due to carry-over PCR. The
result is typical since there are a lot of manipulations (means introduction of
increased contamination possibilities) during the band isolation. In spite of
the great care taken, it might not have been enough for an extremely

sensitive method as PCR.

3.7 PCR Amplification of Saccharomyces cerevisiae C468 DNA

and ¢cDNA

During our periodical GenBank and literature search for DNA
sequences of certain related organisms and newly entered /dh DNA sequence
data, we noticed that yeast /dh sequence was not reported at all. Since yeast
is a model organism, amplifying the /dh of yeast via RT-PCR carried a
particular importance. S. cerevisiae C468 DNA and total RNA were
isolated and cDNA was prepared as it was mentioned in Materials and
Methods. DNA and ¢cDNA were used in the PCR experiments, using
primers designed for R. oryzae with the purpose to amplify /dh gene
fragment from yeast. The PCR resulted in multiple band generations. This
may suggest an interference of other dehydrogenases or related genes. The
gel pattern looked quite complex, so in order not to diverge our focus away

from R. oryzae, it was not attempted to optimize the PCR conditions. It was

98



also recognized that, new sets of primers should have been synthesized

considering codon usage in yeast.

3.8 Cloning and Transformation of R. oryzae Idh Fragment
Amplified via RT-PCR

The agarose recovered R. oryzae PCR products were treated with
Klenow fragment to repair 3'-Adenine overhangs (2.13). The Klenow
treated, blunt-ended PCR products were ligated into a Smal digested
pBSII(KS") vector (2.14). The competent XLI-Blue cells were prepared and
transformed with the ligation product (2.16 and 2.17). Many transformed
white colonies appeared together with self-ligated blue colonies on the
ampicilin containing LB plates. The selected (12 white) recombinant colonies
were grown in 4 mL LB media and plasmid 1solation was performed (2.18).
The digestion products were electrophoresed on 10 % polyacrylamide/bis-
acrylamide gel. The digestions were successfully released the inserts at the
expected sizes. The results were given at the scanned images of ethidium
bromide stained gel in Figure 3.12. Four of the isolated plasmid DNAs were
hydrolyzed with FcoRI and BamHI, the restriction enzyme sites on the
vector flanking Smal site where the insert is cloned. The double digestion
was incomplete, since both forms of the vector; the linearized (single cut)
and double digested vector were present on the gel. This of course resulted

in weak bands of the insert DNA. Yet, the intensity of the bands was
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satisfactory to confirm the cloning of R. oryzae PCR product of ldh gene
fragment. The gel was later stained with silver staining and the bands were
determined more precisely due to the higher sensitivity of the method (data

not shown).
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Figure 3.12: FEcoRI and BamHI double digested plasmids carrying the
cloned /dh fragment of R. oryzae. DNA molecular size marker was ®X 174
DNA/Hinf 1 digest. The arrows;, a represents single restriction enzyme
digested recombinant plasmids, b is double digested recombinant lacking off
the Idh fragment, c. Idh fragment.
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3.9 Southern and Northern Hybridization Experiments

For Southern and Northern Hybridization analysis, (o->"P)dATP and
digoxigenin labeled PCR products of L./actis ldh gene fragment was used as
a probe. Dig-labeled probe hybridization resulted in high background.
Chemiluminicent detection manipulations for optimization were very time
consuming. Genomic DNA samples of R. oryzae, S. cerevisiae, and L. lactis
were restriction digested with several endonuclease enzymes and separated
on 0.8 % agarose gel (Figure 3.13) and capillary transferred to a Nylon
membrane. On the autoradiograph, (3 weeks developed), hybridization with
radioactive probe showed a weak band above the marker band of 564 bp on
the lane contained EcoRI digested L. lactis genomic DNA. This result
indicates that the washing was performed more stringently than the optimum
stringency required for specific hybridization of the probe. Tt is known that
the washing conditions should be optimized with more than several trials.
Although, the probe also was hybridized to itself on the membrane very
successfully, since the radioactivity was continuously decaying, optimization
of washing conditions was not deserving the labor and the effort required
using the same probe. Since (o-"P)dATP was consumed, a new probe
could not be prepared either. We had run in very similar problems with

Northern hybridizations as well.

102






