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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



Introductionr

I orderta develop a system for a largs scale coal solubilization and its
biacanversior ta utilizable fuel, we plan to clone the genes encading Neurospara
prateirr that facilitate depolymerizatiorr of coal. We alsa plar ta use desulfurizing
bacteria ta remave the sulfur in situ and use other micraorganisms ta convert
biosalubilized coal inta utilizable energy fallowing an appraach utilizing several
mxcrcorganlsms (Faison, 1991) In addition the praduct of coal solubmzed by fungus
will be characterized ta determine their chemical nature and the mechanism of reaction
catalyzed by fungal product during in vivo and in vitro sclubilization by the fungus or

purified fungal protein.

Main Objectives
1. Cloning of Neurospora gene for coal depolymerization protein controlling
solubilization in different host cells, utilizing Neurospora plasmid and other
vectar(s).
2. a. Development of a large scale electrophoretic separation of coal drived
products obtained after microbial solubilization.

b. Identification of the coal derived products obtained after biosolubilization
by Neurospora cultures or obtained after Neurospora enzyme catalyzed
reaction in in vitro by the wildtype and mutant enzymes.

3. Bioconversion of coal drived products into utilizable fuel.

4. Characterization of Neurospora wildtype and mutant CSA protein(s) involved in
solubilization of coal in order to assess the nature of the mechanism of
solubilization and the role of Neurospora proteins in this process.
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Methods:

Cnly experimental appraaches for abjective #1 are presented here sincs
experiments were performed during this period in this area.
Objective #t1 Cloning of gene for Neurospara CSA-protein

The following methads will be used to clone the gene for Neurospora pratein
with coal solubilizatiornr activity (CSA).

A.  ldentification of Neurospora CSA protein gene in a DNA library:

In case the above approach to clone Neurospora gene in yeast or Neurospora
cells is not successful, alternative methods will be used. The wildtype CSA protein has
been purified in my laboratory. The purified wild type CSA protein obtained from the
SDS PAGE (Laemmii, 1970) will be electroblotted onto Immobilon P, palyvinylidene
diffiouride (PVDF) membrane (Millipore Corporation, Bedford, MA) using the methed of
Matsudaira (1987). The membrane will then be given to Dr. Ishikawa of the Protein
Microanalyses Facility of the Carolina Institute for Biclogical Research énd Technology
(IBRT), University of South Carolina, Columbia campus for microsequencing. Based
on about the first nine amino acid seduences at the N-terminus (Matsudaira 1987) or
internal amina acid sequence (Huang, 1983), an cligonuclectide probe will be
synthesized at the oligonuclectide synthesis facility of the USC IBRT faclity located in
our Depértment. This aligonucleatide probe will then be used to screen a cDNA
library (as well as a genomic library of Neurospora) to identify the clone carrying
Neurospora CSA protein gene.

Alternatively, immunoblotting will be used to identify clone with Neurospora CSA
gene. We will prepare polyclonal antibody against the Neurospora‘CSA protein in
rabbit. The antibody so prepared will be used to screen a Neurospora cDNA library to

2




identify a clone carrying the gene for the Neurasgara CSA proteim. This method
should work since the genes in the cONA library are knawr to be expressed. Once
the clane cantaining the gene for the Neurospora CSA protein is identified, the gene
will be transferred ta suitable vector suctr as pYELeu-1Q arta Neurospora pstp 2.2, a
mt DNA plasmid to which benomyl resistance (Ben™ gene has beer added as a
selectable marker (our unpublished resuits).

| These chimeric plasmid cantaining the Neurospora CSA. proteir gene will be .
used to transform yéast cells or Neurasﬁora (sal) mutant ceils (see Figure 2), which
are devoid of ability to biosolubilize coal in vivo. The transformants will be identified by
their ability to solubilize coal in vivo when assayed in Petri plates. The yeast or
Neurospora transformants will be further examined for multiple copy of the CSA protein
gene and for their possible autonomous existence by the method of Southern
hybridization or by amount of the CSA protein produced.

The plasmids pYEleu-2 and pstp 2.2 and the genomic and cDNA libraries of
Neurospara and PCR machine are available in my laboratory. All methods of
molecular cloning, transformation, and identification and charcterization of
transformants will be as practiced in my laboratory (Schablik et al., 1982; Almasan and
Mishra, 1988; 1990; 1881) or as described previously (Hinnen et al., 1978; Maniatis et

al., 1989; Yadav and Mishra, 1994; Feher and Mishra, 1994).

B. Cloning of Neurospora gene in yeast

As yeast cannot solubilize coal this provides the easiest way to clone
Neurospora gene by shotgun experiment in which Neurospora DNA segment (obtained
after restriction enzyme digestion) will be ligated to pYEleu-2 plasmid and then
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introduced inta CaCl, treated campetent pYEleu-2” yeast cells (Hinner et al., 1978).

The Leu* yeast transfarmants wilk bes examined for their acquisitiorr of ability to

solubilize coal irr plate assays. The: transfarmed yeast colonies containing the chimeric

plasmid carrying Neurcspora DNA- segment encading CSA-protein will be thus ,
identified and further characterized. The success of this shotgun-transformation
experiment using yeast recipient cell will depend on the expression of the Neurospora
gene encodmg CSA prateir in yeast cells. svinge_ aﬁ_‘vnum_ber of heterclqgog§ genes
have been expressed in yeast, it is therefore e)?pected that Neurcspora CSA protein

gene could be expressed in yeast (Mishra, 1985; 1991).

-The wildtype Neurocspora gene for CSA will also be directly cloned in
Neurcspora mutant cells deficient far CSA activity. In this approach wildtype
Neurospora DNA will be shotgunned into a Neurospora plasmid pst 2.2 Ben® (Ben®
confers resistance to antibiotic benomy); the chimeric plasmid will be used to
transform Neurospora mutant lacking CSA. First the Ben® transformants will be picked
up by their ability to grow on plates containing benomy! and then these will be

examined for coal solubilization activity (CSA).




Resuits:

Following experiments have heer perfarmed ta achieve the proposed goals:

Major break througtr inr purification of Neurospora CSA protein and
determinatiom of its enzyme activity. A purification of the Neurospora protein

with coal salubilization activity (CSA) was undertaken in order to determine its

_ N-terminal or internal amina acid sequence or ta prepare the antibody against-

this protein in rabbit. The amino acid sequence will be used to prepare the
aligonuclectides to identify the clone carrying Neurospora CSA gene among
cDNA organomic libraries. Alternatively, the antibody will be used to identify the
clone carrying NeurosporalCSA gene via immunobldtting. Even though this
protein was purified in microscale in my labaratory by a previous graduate
student (Brian Odom) who worked on this aspect, he has left, after receiving his
Ph.D. to join as Assistant Professor at Georgia Southern University, and this
project is taken over by another graduate student, Ashish Patel. Ashish Patel
has made a major breakthrough by purifying the protein to homaogeneity and
identifying this Neurospora protein with coal solubilization activity to be
tyrosinase; a phenol oxidase.

We have finally devised a methodology to purify the Neurospora CSA
protein on a large scale. The purification protocol includes fractionation of a
large valume (3-10 litre) of culture filtrate in which Neurospora has been grown
by DEAE cellulose chromatography, Bioge! chromatography, and phenyl
Sepharose chromatography. At each step of chromatography, the peak
fractions with high coal solubilization activity (CSA) was pooled and then utilized
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for subsequent chromatographic procecdures. The caal sol&bilfzaﬁcn is
monitored via an increase in absarption at 254-nn due ta release of UV
absorbing material from coal added ta the reaction mixture cantaining
Neurospora pratein. We are prompted ta try this new approaciT ta purify CSA
protein because of our recent success in purifying anather difficut protein
(Feher and Mishra, 1994). Using this new pratacal for praotein purificatiorr one
. :,-,,,nomogénous peak of protein with CSA praperty has been-abtained. This
Neurospora preparation was found to possess only one protein when analyzed
on SDS polyacrylamide gel (see Figure 1). We have confirmed the solubilization
process of the coal by Neurospora crassa and have developed a protacal for
the purification of the enzyme which shows intense solubilization of coal. He has
also been successful in purifying the enzyme in large scale after ammonium
sulfate precipatation. We have been joined by Dr. Y.P. Chen in the purification
of protein to homogeneity. Dr. Chen is an Associate Research Professcor and
Director of Fermentation and Pratein Purification facility in our department. His
collaboration has already proven to be useful. We have now obtained a large
amount of Neurospora CSA pratein (i.e., in mg amount) which is being used for
the preparation of antibody in the rabbit. We have also designed the
oligonuclectides for the primer to be used in the experiments for the cloning of
the Neurospora gene for protein with coal solubilization/phenal oxidase
activities. These oligonuclectide sequences (P1 and P2) have been synthesized
in our departmental facility. The structure of these primers are:

P1 - 8 TTTTCCAATGGGCACCGACATCAAATTTS

P2 - S TTTTCTGGAGAGTTGGCGCGCAGATGCGGGAZ'
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Methads of preparing mRNA are naw developed irr arder ta prepare cONA.
These primers: are used i the: cONA- claning (via RT-PCR) of the Neurospora
gene encading the prateirr withr CSA and phenol oxidase activity. The scheme

for cloning is presented irr Figure- 2.

Determinatiarr of the: N- Terminus: Sequence aof the: Neurospora CSA protein.

The purified protein (see Figure 3) has been ahalyzed by microsequencingat. . . .

the University of Georgia, Athens. However, such sequencing of the N-terminus
aming acid was not successful leading ta the canciusion that the protein is
heavily glycosylated and thé N-terminus is blocked. We are now trying to
sequence the internal aming acids after digestion of the protein with

endopeptidase.

The fact that the Neurospora CSA protein is glycosylated suggests that it is
different than tyrosinase or common phenal oxidase even though these prateins

resemble in enzymatic activity and malecular weight.

Nature of the enzymatic activity of the Neurospora CSA protein. We have
shown that the purified Neurospara CSA protein can catalyze the solubilization
of coal énd produce substances which differ by one carbon atom. This finding,
as well as the results of other mass spectrophotometric analysis clearly
establish the enzymatic role of the enzyme and rules out the possibility that

Neurospara protein may solubilize the coal by acting as a metat chelator.




Analysis of the product of coal solubilizétiorr. Coal samples were solubilized
biclogically by Neurospora crassa mycilium and enzymatically by Neurospora
pratei or by commercial tyrasinase. The products after solutilization were
separated by gel electropharesis and then extracted with pentene and then
analyzed by mass spectroscopy. The product aof coal solubilization has been
identified by mass spectrascopy and demonstrated to be low maiecular
- substance such as hexahe, alcohal, and esters. Thus the fact that the coal
products obtained after biosolubilization are small molecular weight substances
clearly pravides evidence for the enzymatic activity of the Neurcspora protein.
We have further demonstrated that coal solubilized by commercial tyrosinase

also yield products similar to that produced by the Neufospora CSA protein.

Personnel. The work is carried by Mr. A. Patel and Dr. Mishra (P1). Dr. Y.P.
Chen has also joined the project as a collaborator. The data reported here was
presented at the annual meetings of the DOE contractors in Nashville and at the
meetings in Chicago this summer of the Chemical Society of America for which

the P! was invited.

This work was presented on invitation at the Fifth International Congress on
Bioprocessing of Fossil Fuel, held in Madrid, Spain, March 19-22, 1996. My
travel was supparted by the US Dept of Energy, the University of South
Caralina, and the Caongress. There our work was very well received. One US
company and one German company showed interest in obtaining commercial

right of our enzyme once we show application in a bioreactor.
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with coal solubilization and tyrosinase active
showing purification ta homaogeneity.
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Fig. 1. SDS gel electrophoresis of Neurospora protein
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Characterization of the protein purified from Yeehaw Junction strain of Neurospora
Crassa on a SDS polyacrylamide gel after the purification process. Silver stained single

band of protein has a molecular weight of 40-45 KD.
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Fig. 2. Scheme for cDNA cloning of the Neurospora
gene encoding protein with coal solubilization
and tyrosinase (phenol oxidase) activities.
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Fig. 3. Mass spectrophotometric analysis of the
product of the in vivo coal solubilization.
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