
BIO MARKERS FOR LIVER FIBROTIC INJURY 

CROSS REFERENCE TO RELATED APPLICATIONS 

[001] The present invention is related to and claims the benefit of, under U.S.C. §119(e), U.S. 

provisional patent application Serial No. 60/761,959, filed on January 24, 2006, which is expressly 

incorporated fully herein by reference. 

FIELD OF THE INVENTION 

[002] Herein described are methods of detecting liver fibrosis and/or cirrhosis based on the 

differential expression of various proteins, and kits for diagnosing fibrosis and/or cirrhosis. 

BACKGROUND 

[003] Liver fibrosis represents a continuous disease spectrum characterized by an increase in 

total liver collagen and other matrix proteins that disrupt the architecture of the liver and impair liver 

function (1, 2). The progression of fibrosis in the liver is a response to necroinflammatory changes. The 

overall liver fibrosis process is one of dynamic inflammation and repair and has the potential to be 

resolved (3). Fibrosis is seen as scar formation in the patient's liver. When the liver becomes 

permanently injured and scarred, the condition is called cirrhosis. 

[004] Liver fibrosis and/or cirrhosis are the major risk factors of hepatocellular carcinoma 

(HCC). A range of factors, such as hepatitis B vims (HBV), hepatitis C vims (HCV), hepatotoxins, 

metabolic disorders and alcoholism, can induce both liver fibrosis and/or cirrhosis, which share similar 

phenotypes (3-7), with cirrhosis being the end-stage of fibrosis. However, it is not clear what types of 

genes are involved or how they act when liver injury and repair occur. Moreover, the cirrhosis caused by 

these risk factors often progresses insidiously. Patients with end-stage liver cirrhosis can die within one 

year unless they accept liver transplantation, which has a 75% five-year survival rate (3). 

[005] Previous biochemical studies have reported that there are 39 well-known fibrosis or 

cirrhosis markers (3, 8, 9), but some markers are obtained through invasive sampling. 
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[006] Studies for additional markers have proceeded based on microarray analysis of 

transcriptomes as well as quantitative proteomics. Microarray technologies have been widely used for 

comprehensive gene expression analysis. In particular, large-scale microarray analysis of gene 

expression enables researchers to analyze simultaneous changes in thousands of genes and identify 

significant patterns (10, 1 I). To date, the most widely used technologies in differential proteomics 

research were two-dimensional gel electrophoresis (2DE) and liquid chromatography-based isotope-

coded affinity tagging (ICAT) technologies (12). Recently, a variation of the ICAT technology, iTRAQ 

(isobaric tags for relative and absolute quantitation), has been introduced. Both ICAT and iTRAQ 

tagging permit online identification of multiple markers and relative quantification of these proteins. 

SUMMARY OF THE INVENTION 

[007] The inventors have used differential analysis such as microarray mRNA expression 

profiling and quantitative protein profiling to find additional unique and identifiable siguatures 

potentially valuable for the diagnosis and treatment ofliver fibrosis and/or cirrhosis. 

[008] The invention provides a method of detecting liver fibrosis and/or cirrhosis comprising 

obtaining a biological sample from a patient and assaying the sample for differential expression of at 

least one gene encoding a protein chosen from SEQ ID NO: 1 - SEQ ID NO: 63 and human orthologs 

thereof, wherein the differential expression of at least one gene suggests the presence of liver fibrosis 

and/ or cirrhosis. 

[009] Also provided is a method of detecting liver fibrosis and/or cirrhosis by assaying the 

biological sample for differential expression of the human orthologs described above, wherein the human 

orthologs comprise at least one gene encoding a protein chosen from SEQ ID NO: 64 - SEQ ID NO: 120. 

[010] Also provided is a kit for diaguosing liver fibrosis and/or cirrhosis, which comprises one 

or more nucleic acid probes that hybridize to nucleic acid molecules of at least one gene encoding a 

protein chosen from SEQ ID NO: 1 - SEQ ID NO: 63 and human orthologs thereof and packaging 

indicating use for detection of liver fibrosis and/or cirrhosis. 
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[011] In addition, a kit is provided for diagnosing liver fibrosis comprising one or more nucleic 

acid probes as described above, wherein the human orthologs comprise at least one gene encoding a 

protein chosen from SEQ ID NO: 64 - SEQ ID NO: 120. 

(012] The invention further provides a kit for diagnosing liver fibrosis and/or cirrhosis that 

comprises one or more antibodies that specifically bind to at least one protein encoded by a sequence 

chosen from SEQ ID NO: 1 - SEQ ID NO: 63 and human orthologs thereof, and packaging indicating 

use for detection ofliver fibrosis and/or cirrhosis. 

(013] Also provided is a kit for diagnosis ofliver fibrosis and/or cirrhosis comprising one or 

more antibodies as described above, wherein the human orthologs comprise at least one gene encoding a 

protein chosen from SEQ ID NO: 64 - SEQ ID NO: 120. 

[O 14] The invention also provides a method of identifying a compound that decreases the 

differential expression of at least one gene encoding a protein chosen from SEQ ID NO: 7 - SEQ ID NO: 

23 and SEQ ID NO: 42 - SEQ ID NO: 63 and human orthologs thereof, comprising providing a cell 

expressing at least one of the aforementioned genes, contacting the cell with a test compound, and 

determining whether the differential expression of the at least one gene is decreased in the presence of 

the test compound, wherein the decreased differential expression is an indication of halting or reversing 

liver fibrosis and/or cirrhosis. 

[O 15] The invention further provides a method of identifying a compound that increases the 

differential expression of at least one gene encoding a protein chosen from SEQ ID NO: 1 - SEQ ID NO: 

6 and SEQ ID NO: 24- SEQ ID NO: 41 and human orthologs thereof, comprising providing a cell 

expressing at least one of the aforementioned genes, contacting the cell with a test compound, and 

determining whether the differential expression of the at least one gene is increased in the presence of the 

test compound, wherein the increased differential expression is an indication of halting or reversing liver 

fibrosis and/or cirrhosis. 
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[016] Additional objects and advantages of the invention will be set forth in part in the 

description which follows, and in part will be obvious from the description, or may be learned by practice 

of the invention. The objects and advantages of the invention will be realized and attained by means of 

the elements and combinations particularly pointed out in the appended claims. 

[017] It is to be understood that both the foregoing general description and the following 

detailed description are exemplary and explanatory only and do not limit the invention as claimed. 

[018] The accompanying drawings, which are incorporated in and constitute a part of this 

specification, illustrate several embodiments of the invention and together with the description, serve to 

explain the principles of the invention. 

SUMMARY OF THE TABLES 

[019] Table 1 is the result ofa biochemical analysis of the serum ofrats treated with 

dimethylnitrosamine (DMN) as compared with that of the control rats over a six-week time period. 

[020] Table 2 is a list of genes showing significant changes in gene expression and their human 

orthologs. The genes were selected from the combined results ofmicroarray analysis and quantitative 

proteomic analysis and those whose relationship to fibrosis are not yet disclosed in public literature. 

[021] Table 3 is the result of interacting network analysis for the proteins showing significant 

changes in expression in oligonucleotide microarray (Table 3A) and iTRAQ proteomic (Table 3B) 

studies. Proteins in the network identified in the present study which have not previously been reported 

to associate with liver injury are shown in bold. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[022] Figure IA is a schematic illustration of DMN treatment for inducing fibrosis in rats. Each 

rat was either injected with DMN three times per week for three consecutive weeks (shown as inverted 

triangles) or with normal saline as control. Rats were weighed and sacrificed each week (shown as 

triangles, starting on day 11, which is referred to as first week, until week six). Blood samples were 

collected for biochemical assays (summary in Table 1) and livers were excised and weighed. Livers 
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were then either fixed in formaldehyde for histopathology or used to isolate RNA and protein for 

microarray and iTRAQ proteomic studies, respectively. 

[023] Figure lB is the quantitative real-time PCR (Q-RT-PCR) result ofTg/{31 (transforming 

growth factor-m) in DMN-treated rats, showing a higher level of Tg/{31 expression, the strongest known 

inducer of fibrogenesis. 

[024] Figure 2A shows the histopathological examination results ofliver tissues from DMN­

treated rats. The representative phenotype of the rat liver tissue was characterized by scoring the four 

histopathological features as follows: the necrosis scores are from NO to N3 (the first row), the 

inflammation scores are from IO to I3 (the second row), the fibrosis scores are from FO to F3 (the third 

row), and the fatty change scores are presence or absence ( + and -) in the last row. 

[025] Figure 2B is a summary of the histopathological scores for the rat model. The results are 

ranked by time course. The necroinflammatory change is divided into three grades: AO= none, A(l-3)= 

mild and A( 4-6)= moderate necroinflammatory. The fibrosis change is divided into two grades: F(0-1 )= 

normal to fibrous expansion of portal tracts, F(2-3)= bridge fibrosis to frequent bridging fibrosis with 

nodule formation. The fatty change is shown as presence or absence ( +!-). The number of rats is counted 

and used to calculate the percentage of rats in each histopathological level at each time point. 

[026] Figure 3A shows the dendrogram of two hundred and fifty-six (256) gene expression 

patterns from the DMN-induced fibrosis model in rats. 

[027] Figure 3B shows the comparison of Timp1 (tissue inhibitor ofmetalloproteinase !) 

expression between the Q-RT-PCR result and the microarray data, and a good concordance between the 

two results is shown. For the Q-RT-PCR assay of Timp 1, expression levels (marked by the square) are 

relative to the mean of all gene expression, and are measured by the log scale on the right side of the plot. 

The expression levels of two Timpl transcripts, re_ All 69327 _at and re_ All 69327 _g_ at (marked by 

circle and triangle), are relative to the mean of all gene expression levels, and are measured by the scale 

indicated on the left side of the plot. 
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[028] Figure 4A shows the vimentin expression ratios in DMN-treated and control rats at 2, 4, 

and 6 weeks as determined by iTRAQ proteomics. Vimentin expression increased 2.4- to 3.4-fold in the 

liver when rats were treated with DMN. 

[029] Figure 4B shows the result ofWestem blot analysis ofDMN-induced vimentin expression. 

The observed result matched with the trend measured by mass spectrometry in iTRAQ proteomic 

experiments. 

[030] Figure 5 shows the result of Western blot analysis comparing the expression of carbonic 

anhydrase I in human sera from normal volunteers and from patients with hepatitis B-related cirrhosis. 

DESCRIPTION OF THE EMBODIMENTS 

Definitions 

[031] As used herein, the term "biological sample" refers to any biological material collected 

from cells, tissues, or organs of the subject. The source of the biological sample may vary depending on 

the particular symptoms present in the subject to be diagnosed. The biological sample may be analyzed 

immediately after it is taken, or stored. If stored, the sample may be equilibrated with an appropriate 

storage buffer, and kept at 4°C, at -20°C, at -70°C, or even in cryogenic liquids, such as liquid nitrogen 

or liquid helium. In one embodiment, the biological sample may consist of blood, serum, or plasma. In 

another embodiment, the biological sample may consist of a biopsy or tissue sample. In additional 

embodiments of the invention, the biological sample may consist of aminotic fluid, milk, saliva, 

cerebrospinal fluid, lymph, sweat, mucus, synovial fluid, lacrimal fluid, or other clinical specimens or 

samples. 

[032] As used herein, the term "patient" refers to a mammalian animal, including but not limited 

to human, primates, domestic mammals, laboratory mammals, etc. 

[033] As used herein, the term "differential expression" refers to gene expression on the 

RNNmRNA level, protein level, or both RNNmRNA and protein levels as compared to normal gene 
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expression, e.g., an increased or decreased gene expression on the RNA/mRNA level, protein level, or 

both RNA/mRNA and protein levels. 

[034] As used herein, the terms "gene" and "gene encoding a protein" refer to any nucleic acid 

sequence or portion thereof with a functional role in encoding or transcribing a protein. The gene may 

encompass all the nucleic acids responsible for encoding a functional protein of certain SEQ ID NO or 

only a portion of the nucleic acids responsible for encoding or expressing a protein of certain SEQ ID 

NO. The nucleic acid sequence may contain normal sequences as well as genetic abnormalities within 

exons, introns, initiation or termination regions, promoter sequences, other regulatory sequences or 

unique adjacent regions to the gene. 

[035] As used herein, the term "human ortholog" refers to a corresponding human gene wherein 

the non-human gene and the human gene are derived from a single ancestral gene in the last common 

ancestor of human and non-human, and the human genes have the same function. 

[036] As used herein, the term "probes" refers to hybridization probes that are oligonucleotides 

that bind in a base-specific manner to a complementary strand of nucleic acid. Such probes also include 

peptide nucleic acids, as described in Nielsen et al., 1991, (13), and other nucleic acid analogs and 

nucleic acid mimetics. See, e.g., U.S. Pat. No. 6, 156,501, which is incorporated herein by reference. 

[037] As used herein, the term "nucleic acid" refers to any DNA or RNA/mRNA, for example, 

chromosomal, mitochondrial, viral and/or bacterial nucleic acid present in tissue sample as well as 

synthetic nucleic acids. The term "nucleic acid" encompasses either or both strands of a double stranded 

nucleic acid molecule and includes any fragment or portion of an intact nucleic acid molecule. 

[038] As used herein, the term "packaging" refers generally to packaging material comprising 

external labeling and internal material in the container, including but not limited to instructions for using 

the kit. 

[039] As used herein, the term "antibody," refers to an immunoglobulin or a fragment or a 

derivative thereof, and encompasses any polypeptide comprising an antigen-binding site, whether 
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produced in vitro or in vivo. The term includes, but is not limited to, polyclonal, monoclonal, 

monospecific, polyspecific, humanized, single-chain, chimeric, synthetic, recombinant, hybrid, mutated, 

and grafted antibodies. The term "antibody" also includes antibody fragments such as Fab, F(ab')z, Fv, 

scFv, Fd, dAb, and other antibody fragments that retain antigen-binding function, i.e., the ability to bind 

a specific antigen. Typically, such fragments would comprise an antigen-binding domain, i.e., a part of 

an antibody molecule that comprises amino acids responsible for the specific binding between the 

antibody and the antigen. An antigen-binding domain typically comprises an antibody light chain 

variable region (VL) and an antibody heavy chain variable region (VH), however, it does not necessarily 

have to comprise both. For example, a so-called Fd antibody fragment consists only of a VH domain, but 

still retains some antigen-binding function of the intact antibody. 

[040] As used herein, the term "specifically binds," or the like, means that two molecules form a 

complex that is relatively stable under physiologic conditions (e.g., a stable antigen/antibody complex). 

The term is also applicable where, for example, an antigen-binding domain is specific for a particular 

epitope, which is found on a number of molecules. Thus, an antibody may specifically bind multiple 

proteins when it binds to an epitope present in each. Specific binding is characterized by a selective 

interaction, often including high affinity binding with a low to moderate capacity. Nonspecific binding is 

usually a less selective interaction, and may have a low affinity with a moderate to high capacity. 

Typically, binding is considered specific when the affinity is at least 105 M-1
, 106 M-1, 107 M'1 or 108 M-1

• 

If necessary, non-specific binding can be reduced without substantially affecting specific binding by 

varying the binding conditions. Such conditions are known in the art, and a skilled artisan using routine 

techniques can select appropriate conditions. The conditions are usually defined in terms of 

concentrations of antibodies, ionic strength of the solution, temperature, time allowed for binding, 

concentration of non-related molecules (e.g., blocking agents such as serum albumin or milk casein), and 

so forth. See, e.g., Morgan et al., 'The Matrix Effects on Kinetic Rate Constants of Antibody-Antigen 
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Interactions Reflect Solvent Viscosity," J. Jmmunol. Meth. 217:51 :60 (1998); and Zhuang et al., 

"Measurement of Association Rate Constant of Antibody-Antigen Interactions in Solution Based on 

Enzyme-Linked Immunosorbent Assay," J. Biosci. Bioeng. 92(4):330-336 (2001). 

[041] As used herein, the term "protein" refers to a polymeric form of any length of amino acids, 

which can include naturally-occurring or synthetic amino acids and coded and non-coded amino acids, 

peptides, depsipeptides, polypeptides with cyclic, bicyclic, depsicyclic, or depsibicyclic peptide 

backbones, single chain protein as well as multimers, as well as any fragment or portion of the intact 

protein molecule. 

[042] As used herein, the term "compound" refers to a substance comprising one or more 

chemical elements in any proportion and of any structure, including but not limited to cyclic, bicyclic, 

branched or straight chain. The compound may be organic or inorganic. The compound also refers to a 

composition comprising one or more chemical elements, one or more herbal/plant elements or 

herbal/plant extractions, or both chemical elements and herbal/plant elements or extractions. 

Embodiments 

[043] Chronic liver disease is a common and potentially lethal problem in Asia. The 

development ofhepatocellular carcinoma (HCC) is generally preceded by hepatic cirrhosis, which occurs 

at the end stage of fibrosis. The same proteins are expressed in both cirrhosis and fibrosis. Changes in 

gene expression of these proteins during liver fibrosis are examined to identify markers ofliver fibrosis 

to assist in the diagnosis of fibrosis and/or cirrhosis. The study begins with the establishment of a liver 

fibrosis model. Dimethylnitrosamine (DMN), a non-genotoxic hepatotoxin, is used to induce rat 

necroinflammatory and hepatic fibrosis, as described in Jezequel A.M. et al. (14), which is a known 

model for studying human liver damage (15). During a six-week time course, histopathological, 

biochemical and quantitative RT-PCR analyses confirmed the incidence of hepatic fibrosis in the rat 

model system. 
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[044] The microarray and the iTRAQ quantitative proteomics technology were used. The 

iTRAQ technology permits the identification of multiple proteins at the same time as well as the relative 

quantification of these proteins. Applied Biosystems iTRAQ Reagents are a multiplexed set of four 

isobaric reagents. The four reagents are amine-specific and yield labeled peptides. The labeled peptides 

are identical in mass and hence also identical in single MS mode. They produce strong, diagnostic, low­

mass MS/MS signature ions allowing for quantification of up to four different samples simultaneously. 

Quantification is performed via the differences in abundance of four product ions, i.e., product ions 

weighing 114, 115, 116, and 117 daltons that are each cleaved from one of the four possible tags. Since 

all peptides are tagged, proteome coverage is expanded and analysis of multiple peptides per protein 

improves the confidence in those identified (16). The multi-sample capability of the iTRAQ technology 

provides a way to compare the protein expression profile of different liver states simultaneously. 

(045] The model employed in the present study is very similar to the human liver study model, 

and thus findings from this study can have humau clinical applications. This study employed DMN, a 

potent non-genotoxic hepatotoxin, to simulate liver fibrosis (17, 18). DMN has been demonstrated to 

induce liver damage rapidly and also has been empirically proven to be useful for the study of human 

fibrosis formation (14-15, 19) as mentioned above. Also, the serum markers that showed significant 

differences in expression in the rat liver fibrosis model established in this study as compared to the 

controls, see Table 1, are the same serum markers for human liver fibrosis, e.g., the thirteen serum 

markers of albumin, glutamic oxaloacetic transaminase (GOT), glutamic pyruvic transaminase (GPT), 

total bilirubin, alkaline phosphatase (AKP), acid phosphatases (ACP), a-fetoprotein (AFP), blood urea 

nitrogen (BUN), cholesterol (CHOL), lactate dehydrogenase (LDH), globulin, prothrombin time (PT) 

and blood platelets (PLT). Thus, the markers identified from this study can be used to diagnose liver 

fibrosis and/or cirrhosis in humans. 
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Detection Methods 

[046] The present study identified nearly 97 genes as biomarkers for liver fibrotic injury. 

Results of a PubMed literature search indicate that approximately 30 % of the differentially expressed 

genes identified in this study by microarray and proteomics approach had been proven to be related to 

fibrosis or cirrhosis. The remaining 70% are not yet reported in any literature. Combining all the 

information obtained by both microarray and quantitative proteomics technology, sixty-three (63) genes 

were selected, all of which showed significant changes in expression between DMN-treated and DMN­

untreated groups, but have not been previously reported in any literature in relation to liver fibrosis or 

cirrhosis (Table 2). The 63 genes in DMN-treated rats have a difference in gene expression on the 

RNNmRNA level and/or the protein level when compared to normal gene expression. Some genes are 

up-regulated while others are down-regulated. Those 63 rat genes were converted into their human 

ortholog genes according to the ortholog assertions from the EnsEMBL and HomoloGene database 

(Table 2 - SEQ ID NO: 1 - SEQ ID NO: 120). 

[047] Thus the invention provides a method for detecting liver fibrotic injury based on the liver 

injury-related differential gene expression study described herein. In the detection method, differential 

expression of a gene encoding a protein includes differential expression of the full length gene encoding 

a full length protein or a portion of the gene encoding a portion of the protein. 

[048] Accordingly, the invention provides a method of detecting liver fibrosis and/or cirrhosis 

comprising obtaining a biological sample from a patient, and assaying the sample for differential 

expression of at least one gene encoding a protein chosen from SEQ ID NO: 1 to SEQ ID NO: 63 and 

human orthologs thereof, wherein the differential expression of at least one gene suggests the presence of 

liver fibrosis and/or cirrhosis. In another embodiment, the invention provides a method of detecting liver 

fibrosis and/or cirrhosis by assaying the sample for differential expression of at least one gene encoding a 

protein chosen from the human orthologs comprising SEQ ID NO: 64 to SEQ ID NO: 120. 
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[049] Human orthologs of proteins identified in this study can be derived from the search using 

gene/protein on the Ensembl database at http://www.ensembl.org/Rattus_ norvegicus/ together with the 

HomoloGene NCBI database at http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=homologene. 

[050] In the practice of this invention, differential gene expression may be assayed by 

transcription analysis or quantitative proteomic analysis such as microarray, Q-RT-PCR, ICAT and 

iTRAQ, or any other appropriate methods known to one skilled in the art. 

[051] In another embodiment, the invention relates to assaying the up-regulation or increased 

expression of one or more genes encoding a protein chosen from SEQ ID NO: 7 - SEQ ID NO: 23 and 

SEQ ID NO: 42 - SEQ ID NO: 63 and human orthologs thereof, wherein the increased expression 

suggests the presence of liver fibrosis and/or cirrhosis. In yet another embodiment, the invention relates 

to assaying for the increased expression of at least one gene encoding a protein chosen from the human 

orthologs comprising SEQ ID NO: 68 - SEQ ID NO: 82 and SEQ ID NO: 100- SEQ ID NO: 120. 

[052] The invention also provides, in another embodiment, assaying for the down-regulation or 

decreased expression of one or more genes encoding a protein chosen from SEQ ID NO: 1 - SEQ ID NO: 

6 and SEQ ID NO: 24- SEQ ID NO: 41 and human orthologs thereof, wherein the decreased expression 

suggests the presence of liver fibrosis and/or cirrhosis. In yet another embodiment, the invention relates 

to assaying for the decreased expression of at least one gene encoding a protein chosen from the human 

orthologs comprising SEQ ID NO; 64- SEQ ID NO: 67 and SEQ ID NO: 83 - SEQ ID NO: 99. 

(053] The invention also provides a clustering of the genes by functional groups. Thus, the 

invention provides a method of detecting liver fibrosis and/or cirrhosis comprising assaying a biological 

sample for differential expression of at least one gene encoding a protein that functions in cancer, cell 

cycle, and cell morphology chosen from sequences comprising SEQ ID NO: 9, SEQ ID NO: 69, SEQ ID 

NO: 12, SEQ ID NO: 72, SEQ ID NO: 4, SEQ ID NO: 65, SEQ ID NO: 17, SEQ ID NO: 76, SEQ ID 

NO: 7, SEQ ID NO: 68, SEQ ID NO: 19, SEQ ID NO: 78, SEQ ID NO: 5, SEQ ID NO; 66, SEQ ID NO: 

20, SEQ ID NO: 79, SEQ ID NO: 22, SEQ ID NO: 81, SEQ ID NO: 21, and SEQ ID NO: 80; a protein 
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that functions in lipid metabolism, small molecule biochemistry, organismal injury and abnormalities 

chosen from sequences comprising SEQ ID NO: 10, SEQ JD NO: 70, SEQ ID NO: 3, SEQ ID NO: 64, 

SEQ ID NO: 14, SEQ ID NO: 73, SEQ ID NO: 15 and SEQ ID NO: 74; a protein that functions in 

hematological disease, endocrine system development and function, nervous system development and 

function comprising SEQ ID NO: 13; a protein that functions in cancer, cell morphology, dermatological 

diseases and conditions chosen from sequences comprising SEQ ID NO: 8, SEQ ID NO: 44, SEQ ID NO: 

102, SEQ IDNO: 45, SEQ IDNO: 103, SEQ IDNO: 48, SEQ IDNO: 106, SEQ IDNO: 31, SEQ ID 

NO: 90, SEQ IDNO: 35, SEQ IDNO: 93, SEQ IDNO: 50, SEQ IDNO: 108, SEQ IDNO: 51, SEQ ID 

NO: 109, SEQ ID NO: 40, and SEQ ID NO: 98; a protein that functions in lipid metabolism, small 

molecule biochemistry, and molecular transport chosen from sequences comprising SEQ ID NO: 25, 

SEQ IDNO: 84, SEQ IDNO: 42, SEQ IDNO: 100, SEQ ID NO: 27, SEQ ID NO: 86, SEQ ID N0:47, 

SEQ ID NO: 105, SEQ ID NO: 36, SEQ ID NO: 94, SEQ ID NO: 16, SEQ ID NO: 75, SEQ ID NO: 53, 

SEQ ID NO: 111, SEQ ID NO: 37, SEQ ID NO: 95, SEQ ID NO: 38, SEQ ID NO: 96, and SEQ ID NO: 

107; and a protein that functions in cancer, cellular movement, cellular growth and proliferation chosen 

from sequences comprising SEQ ID NO: 59, SEQ ID NO: 117, SEQ ID N0:46, SEQ ID NO: 104, SEQ 

ID NO: 30, SEQ IDNO: 89, SEQ IDNO: 52, SEQ IDNO: 110, SEQ IDNO: 58, SEQ IDNO: 116, SEQ 

ID NO: 55, SEQ ID NO: 113, SEQ ID NO: 39, SEQ ID NO: 97, SEQ ID NO: 56, SEQ ID NO: 114, SEQ 

ID NO: 57, and SEQ ID NO: 115. 

Diagnostic Kits 

[054] The invention also provides diagnostic kits based on the genes and/or proteins described 

above. In one embodiment, there is a kit for diagnosing liver fibrosis and/or cirrhosis that comprises one 

or more nucleic acid probes that hybridize to nucleic acid molecules of at least one gene encoding a 

protein marker chosen from SEQ ID NO: 1 - SEQ ID NO: 63 and human orthologs thereof and 

packaging indicating the use for detecting liver fibrosis. The kit can detect the differential expression, 

e.g., the up-regulation or down-regulation, of these genes, wherein the differential expression would 
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suggest liver fibrosis and/or cirrhosis. In another embodiment, the invention also provides a kit for 

diagnosing fibrosis and/or cirrhosis comprising nucleic acid probes that hybridize to nucleic acid 

molecules of at least one gene encoding a protein marker chosen from SEQ ID NO: 1 - SEQ ID NO: 63 

and human orthologs thereof. The differential expression of the genes would suggest fibrosis and/or 

cirrhosis. In another embodiment, the diagnostic kit comprises one or more nucleic acid probes that 

hybridize to nucleic acid molecules of at least one gene encoding the human orthologs comprising 

proteins chosen from SEQ ID NO: 64 - SEQ ID NO: 120 for diagnosing liver fibrosis and/or cirrhosis. 

[055] The kit may be prepared by techniques known to one skilled in the art. By way of 

example, the probes may be labeled, using labeling techniques that are known to one skilled in the art, to 

facilitate detection, including but not limited to radioisotope labels or fluorescent labels. The probes can 

hybridize to nucleic acid molecules that are either or both strands of a double stranded nucleic acid 

molecule and include any fragment or portion of an intact nucleic acid molecule. 

[056] Nucleic acid hybridization is affected by such conditions as salt concentration, 

temperature, or organic solvents, in addition to the base composition, length of the complementary 

strands, and the number of nucleotide base mismatches between the hybridizing nucleic acids, as will 

be readily appreciated by those skilled in the art. Stringency conditions depend on the length and base 

composition of the nucleic acid, which can be determined by techniques well known in the art. 

Generally, stringency can be altered or controlled by, for example, manipulating temperature and salt 

concentration during hybridization and washing. For example, a combination of high temperature and 

low salt concentration increases stringency. Such conditions are known to those skilled in the art and 

can be found in, for example, Strauss, W.M. "Hybridization With Radioactive Probes," in Current 

Protocols in Molecular Biology 6.3.1-6.3.6, (John Wiley & Sons, N.Y. 2000). Both aqueous and 

nonaqueous conditions as described in the art can be used. 

[057] An example of stringent hybridization conditions is hybridization in O. lxSSC (15 mM 

sodium chloride/I .5 mM sodium citrate) at 50°C or higher. Another example of stringent hybridization 
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conditions is hybridization overnight at 42°C in 50% formamide, lX SSC (150 mM NaCl, 15 mM 

sodium citrate), 50 mM sodium phosphate (pH 7.6), 5X Denhardt's solution, 10% (w/v) dextran sulfate, 

and 20 µg/ml denatured, sheared salmon sperm DNA, followed by washing in O.IX SSC at about 65°C. 

Highly stringent conditions can include, for example, aqueous hybridization (e.g., free offormamide) 

in 6X SSC (where 20X SSC contains 3.0 MNaCl and 0.3 M sodium citrate), 1% (w/v) sodium dodecyl 

sulfate (SDS) at 65°C for about 8 hours (or more), followed by one or more washes in 0.2 X SSC, 0.1 % 

SDS at 65°C. 

[058] Moderately stringent hybridization conditions permit a nucleic acid to bind a 

complementary nucleic acid that has at least about 60%, at least about 75%, at least about 85%, or 

greater than about 90% identity to the complementary nucleic acid. Stringency of hybridization is 

generally reduced by decreasing hybridization and washing temperatures, adding formamide to the 

hybridization buffer, or increasing salt concentration of the washing buffer, either individually or in 

combination. Moderately stringent conditions can include, for example, aqueous hybridization (e.g., 

free of formamide) in 6X SSC, 1% (w/v) SDS at 65°C for about 8 hours (or more), followed by one or 

more washes in 2X SSC, 0.1 % SDS at room temperature. Another exemplary hybridization under 

moderate stringency comprises hybridization in 6X SSC, 5X Denhardt's reagent, 0.5% (w/v) SDS, and 

optionally 100 µg/ml sonicated salmon or herring sperm DNA, at about 42°C, followed by washing in 

2X SSC, 0.1 % (w/v) SDS at 65°C. Other permutations and possibilities will be readily apparent to 

those of ordinary skill in the art, and are considered as equivalents within the scope of the instant 

invention. 

[059] In yet another embodiment, the invention provides a kit for diagnosing liver fibrosis 

and/or cirrhosis comprising one or more antibodies that specifically bind to at least one protein encoded 

by a sequence chosen from SEQ ID NO: 1 - SEQ ID NO: 63 and human orthologs thereof, and further 

comprises packaging that indicates use for detection of liver fibrosis and/or cirrhosis. In an alternative 
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embodiment, the kit comprises one or more antibodies that specifically bind to at least one hnman 

ortholog protein encoded by a sequence chosen from SEQ ID NO: 64 - SEQ ID NO: 120, and further 

comprises packaging that indicates use for detection of liver fibrosis and/or cirrhosis. Differential 

expression of these genes suggests the presence of fibrosis and/or cirrhosis. 

[060] The antibodies specific to the proteins may be obtained by monoclonal or polyclonal 

techniques known to one skilled in the art. The antibody can be labeled with radioisotopes such as 35S, 

14C, 1251, 3H, and 1311, using the techniques described in Current Protocols in Immunology (20), as an 

example. The radioactivity can be measured using scintillation counting. The antibody may also be 

fluorescently labeled by, for example, rare earth chelates (europium chelates), Texas Red, rhodamine, 

fluorescein, dansyl, Lissamine, umbelliferone, phycocrytherin, phycocyanin, or commercially available 

fluorophores such SPECTRUM ORANGE® and SPECTRUM GREEN® and/or derivatives of any one or 

more of the above. The fluorescent labels can be conjugated to the antibody using the techniques 

disclosed in Current Protocols in Immunology, supra., for example. Fluorescence can be quantified 

using a fluorimeter. 

[061] Differential protein expression may be assayed using antibodies with commonly used 

methods known in the art, such as Western blotting or enzyme-linked immunosorbent assay (ELISA). 

Western blotting begins with an electrophoresis step, where proteins from a biological sample of interest 

are separated on the basis of size and electromagnetic charge by sodium dodecyl sulfate-polyacrylamide 

gel electrophoresis (SDS-PAGE), according to standard methods known in the art. See, e.g., SAMBROOK 

ET AL., 3 MOLECULAR CLONING: A LABORATORY MANUAL A8.40-A8.45 (2001) (describing various 

reagents and methods for electrophoresis of proteins by SDS-PAGE). The contents of the gel are then 

transferred to nitrocellulose, nylon, PVDF, or other membrane or filter suitable for fixation and Western 

blotting by standard methods also known in the art. The transfer may be by immersion, semi-dry 

blotting, or by other comparable methods known in the art. Next, the filters or membranes are fixed to 

prevent loss of the target proteins during the several hybridization, washing, and staining steps 
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comprising Western blotting. Fixation may be accomplished by heat, cross-linking with ultraviolet light, 

or by other comparable methods known in the art. See, e.g., SAMBROOK ET AL., 3 MOLECULAR CLONING: 

A LABORATORY MANUAL A8.52-A8.55 (describing various reagents and methods for immunoblotting 

and detection of antigen/antibody complexes). 

[062] Non-specific anitbody binding sites on the fixed filter or membrane are blocked with 

buffered solutions (e.g., phosphate-buffered saline ("PBS") or the like) containing a blocking agent such 

as, for example, 0.5% (w/v) low-fat dry milk or 5% (w/v) bovine serum albumin (BSA). After blocking, 

the filter or membrane then undergoes the primary antibody incubation. After primary antibody 

incubation, the filter or membrane is washed, and the presence of antibody-antigen complexes detected 

using a secondary antibody labeled with chromogenic, fluorogenic, or chemiluminescent means. 

Antibody-antigen complexes are then detected colorimetrically (e.g., with horseradish peroxidase and 

TMB), or by autoradiography (e.g., alkaline phosphatase). If detected colorimetrically, or by 

chemiluminescence, the amount of color of fluorescence may be measured using a luminometer, a 

spectrophotometer, or other similar instruments. If detected autoradiographically, the amount of bound 

antibody may be measured from the exposed x-ray film using a densitometer, or similar instrument. See, 

e.g., SAMBROOK ET AL., 3 MOLECULAR CLONING: A LABORATORY MANUAL A8.52-A8.55. 

[063] Secondary antibodies used in W estem blotting, whether polyclonal or monoclonal, may be 

labeled with a ligand (such as biotin) or a detectable marker (such as a fluorescent group or an enzyme) 

using conventional techniques. Suitable labels include fluorophores, chromophores, electron-dense 

reagents (e.g., silver or gold), enzymes, and ligands having specific binding partners. Enzymes such as 

horseradish peroxidase or alkaline phosphatase are typically detected by their activity. For example, 

horseradish peroxidase can be detected by its ability to convert tetramethylbenzidine (TMB) to a blue 

pigment, quantifiable with a spectrophotometer. Other suitable ligands and/or detectable markers include 

bioting and avidin or streptavidin, lgG and protein A, and the numerous additional receptor-ligand 
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couples known in the art. Other permutations and possibilities will be readily apparent to those of 

ordinary skill in the art, and are considered as equivalents within the scope of the instant invention. 

[064] An ELISA begins with an antigen adsorption step, where the target antigen or antigens are 

adsorbed to the wells of a microtiter plate. See, e.g., KIERKEGAARD & PERRY LABORATORJES, INC., 

TECHNICAL GUIDE FOR ELISA 9-13 (2003), available at 

http://www.kpl.com/docs/techdocs/chapters%201 %20-%204.pdf (last accessed January 12, 2007). The 

most commonly used adsorption buffers for antibodies are 50 mM Carbonate, pH=9.6; 10 mM Tris-HCl, 

pH=8.5; and 10 mM PBS, pH=7.2. These buffers work well for many proteins. If the target antigens are 

not readily adsorbed to the surface of the microtiter plate, plates with surfaces modified or derivatized to 

permit covalent linkage of proteins to their surface by a variety of chemical means are widely available 

from commercial suppliers. Time and temperature are the most important factors affecting the amount of 

protein adsorbed. 

[065] Once the wells of a microtiter plate are coated with the desired antigen or antigens, they 

are washed with a blocking buffer to block non-specific antibody binding and to minimize false positive 

results. See, e.g., id. at 13-14 (discussing methods and reagents for blocking microtiter plates). 

Commonly used blocking agents are either protein solutions, such as BSA (typically used at 

concentrations between 1 % and 5% (w/v) in PBS, pH=7.0), non-fat dry milk, casein (the main protein 

component of non-fat dry milk), or caseinate (a more soluble version of casein, produced by partial 

digestion with sodium hydroxide), normal serum (typically used at concentrations between 1%and5% 

(v/v)), and gelatin (normally used at concentrations between 1 % and 5% (w/v)), or non-ionic detergents, 

such as Tween-20™ and Triton X-100™. 

[066] Washing reagents are selected for their ability to disrupt low-affinity interactions between 

various reaction components that can affect the ability to detect specific antigen-antibody interactions. 

See, e.g., id. at 14-15 (discussing methods and reagents for washing microtiter plates). Wash solutions 

commonly contain a physiological buffer to prevent denaturation of antigens and their cognate 
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antibodies, and to preserve enzyme activity. Buffers such as PBS, Tris-saline, or imidizole-buffered 

saline at neutral pH are widely used. Specific buffers are typically selected based on the method of 

detection to be employed in a particular assay. Wash buffers should also include non-ionic detergents 

such as Tween-20™, Triton X-100™, or the like, at concentrations of between 0.01 % to 0.05% (v/v), in 

order to disrupt low-affinity, non-specific interactions between reaction components. 

[067] After the blocking step, the wells of the microtiter plate are washed. The adsorbed antigen 

then undergoes the primary antibody incubation, after which it is washed again. Antibody/antigen 

complexes are then detected using a secondary antibody labeled with chromogenic (e.g., horseradish 

peroxidase and TMB), fluorescent or chemiluminescent (e.g., alkaline phosphatase) means. See, e.g., id. 

at 15-21 (discussing antibody preparation and use, as well as commonly used detection molecules). The 

amount of color or fluorescence may be measured using a luminometer, a spectrophotometer, or other 

similar instruments. There are many common variations on the standard ELISA protocol, including 

competitive ELISA, sandwich ELISA, and numerous others. One of ordinary skill in the art will select 

the appropriate protocol to use, depending on the antigen to be detected, the source of antigen and/or 

primary antibody used in the assay, and any other relevant experimental parameters. These and many 

other permutations will be readily apparent to those of ordinary skill in the art, are considered as 

equivalents within the scope of the invention. 

Screening Methods 

[068] Also described is a method that identifies a compound that would decrease the differential 

expression of at least one gene encoding a protein chosen from SEQ ID NO: 7 - SEQ ID NO: 23 and 

SEQ ID NO: 42 - SEQ ID NO: 63 and human orthologs thereof. The method provides a cell expressing 

at least one of these genes, contacting the cell with a test compound to determine whether the differential 

expression is decreased in the presence of the test compound, wherein the differential expression is an 

indication of halting or reversing liver fibrosis and/or cirrhosis. The same method can also identify a 

compound that would increase the differential expression of at least one gene encoding a protein chosen 
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from SEQ ID NO: I - SEQ ID NO: 6 and SEQ ID NO: 24- SEQ ID NO: 41 and human orthologs 

thereof. 

[069] Other embodiments of the invention will be apparent to those skilled in the art from 

consideration of the specification and practice of the invention disclosed herein. It is intended that the 

specification and examples be considered as exemplary only, with the true scope and spirit of the 

invention being indicated by the following claims. 

[070] Unless defined otherwise, the meanings of all technical and scientific terms used herein 

are those commonly understood by one of ordinary skill in the art to which this invention belongs. One 

of ordinary skill in the art will also appreciate that any methods and materials similar or equivalent to 

those described herein can also be used to practice or test the invention. Further, all publications 

mentioned herein are incorporated by reference. 

[071] With respect to ranges of values, the invention encompasses the upper and lower limits 

and each intervening value between the upper and lower limits of the range to at least a tenth ofthc upper 

and lower limit's unit, unless the context clearly indicates otherwise. Further, the invention encompasses 

any other stated intervening values. 

[072] Further, all numbers expressing quantities of ingredients, reaction conditions, percent 

purity, polypeptide and polynucleotide lengths, and so forth, used in the specification and claims, are 

modified by the term "about," unless otherwise indicated Accordingly, the numerical parameters set 

forth in the specification and claims are approximations that may vary depending upon the desired 

properties of the present invention. At the very least, and not as an attempt to limit the application of the 

doctrine of equivalents to the scope of the claims, each numerical parameter should at least be construed 

in light of the number of reported significant digits, applying ordinary rounding techniques. Nonetheless, 

the numerical values set forth in the specific examples are reported as precisely as possible. Any 

numerical value, however, inherently contains certain errors from the standard deviation of its 

experimental measurement. 
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[073] It must be noted that, as used herein and in the appended claims, the singular forms "a," 

"or," and "the" include plural referents and plural referents include singular forms unless the context 

clearly dictates otherwise. Thus, for example, reference to "a subject polypeptide" includes a plurality of 

such polypeptides, reference to "the agent" includes reference to one or more agents and equivalents 

thereof known to those ski!Jed in the art, reference to "nucleic acid molecules" includes reference to one 

or more nucleic acid molecules, and reference to "antibodies" includes reference to one or more 

antibodies and so forth. 

[074] The following examples further illustrate the invention. They are merely illustrative of 

the invention and disclose various beneficial properties of certain embodiments of the invention. The 

following examples should not be construed as limiting the invention. 

EXAMPLES 

[075] The practice of the present invention will employ, unless otherwise indicated, 

conventional techniques for the study of differential gene expression, differential proteomic expression, 

and histopathology, which are within the level of ordinary skill in the art. Such techniques are explained 

fully in the applicable literature. 

[076] The following examples illustrate the study of the expression of different proteins in liver 

fibrosis through the use of animal models. 

Example 1: Establishment of the Rat Hepatic Fibrosis Model 

[0'.77] A rat hepatic fibrosis model was set up through the use ofDMN. DMN is a potent 

hepatoxin that specifically targets the liver and can cause liver fibrosis. The histopathological changes 

resulting from DMN treatment involve the rapid deposition of collagen, the major protein of fibrosis and 

important to the process of cirrhosis. DMN-induced liver injury in rats displays many features, such as 

portal hypertension ascites as well as a number of other histopathological and biochemical abnormalities. 

Previous study has suggested that DMN-induced liver injury in rats could reflect changes that occur in 

human hepatic fibrosis and/or cirrhosis and that it is an appropriate animal model for studying human 
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hepatic fibrosis and/or cirrhosis (15). The DMN-induced liver fibrosis model was performed as 

described in Jezequel A.M. et al. (14). Male Sprague-Dawley rats (Slc:SD; Japan SLC, Shizuoka, 

Japan), weighing from 300 to 350 grams, were used in the experiments. To induce hepatic fibrosis over a 

six-week time course experiment, the rats were given DMN (Sigma, Saint Louis, MO), dissolved in 

normal saline, three consecutive days a week for the first three consecutive weeks at the dosage of 6. 7 

mg/kg per body weight by intraperitoneal injection. Injection time points are shown as inverted triangles 

in Figure 1. Injections were at a much lower dosage than those used in other experiments where the 

dosage was 100 mg/kg/day. The higher dosage can cause toxicity in rat liver (21, 22).) 

[078] Two to seven rats at each time point were treated with either DMN or with an equal 

volume of normal saline without DMN as the control (26 DMN-treated rats and 24 control rats). Rats 

were weighed and sacrificed on days 11, 18, 25, 32, 39, and 46 (sacrifice time points are shown as 

triangles in Figure !A) respectively. These triangular time points were designated as weeks I through 6 

(Figure IA). 

[079] To confirm the establishment of a rat liver fibrosis model, Q-RT-PCR, serum analysis, 

and histopathological analysis were employed. 

Histopathological Examination ofDMN-Induced Liver Damage 

[080] Liver tissues were immediately removed after sacrifice and subject to histopathological 

examination. The fixed liver samples were then processed for paraffin embedding. Five micrometer (5 

µm) sections were prepared for hematoxylin and eosin staining (to score necroinflammatory and fatty 

changes) and for Sirius red/fast green collagen staining (to score for fibrosis) (23). The fatty changes 

were classified as presence(+) or absence(-). 

[081] Phenotypic changes resulting from DMN-induced liver damage are shown in Figure 2A. 

In Figure 2A, the representative phenotypes of the DMN-induced rat liver fibrosis were characterized by 

scoring the four histopathological features (necrosis, inflammation, fibrosis, and fatty change) as follows: 

the necrosis scores were from NO to N3 (the first panel), and the inflammation scores were from IO to 13. 
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The scoring system for examining the intensity of liver fibrosis was modified from the scoring system of 

the Hepatitis Activity Index (HAI) (29, 30). Fibrosis was divided into four scores: normal (FO), fibrous 

expansion of portal tracts {Fl), bridging fibrosis (F2) and frequent bridging fibrosis with focal nodule 

formation (F3). The fatty change was scored as present(+) or absent(-), respectively {the last panel). 

The images of the fatty change are shown at 200X magnification, whereas the others are shown at I OOX 

magnification (Fig. 2A). 

[082] Figure 2B shows a summary ofhistopathological scores for the rat model. The results 

were ranked by time course. The necroinflammatory scores were the sum of the necrosis and 

inflammation scores and range from AO to A6. The necroinflammatory change was divided into three 

grades: AO= none, A(l-3)= mild and A( 4-6)= moderate necroinflammation. The fibrosis change was 

divided into two grades: F(0-1)= normal to fibrous expansion of portal tracts, F{2-3)= bridge fibrosis to 

frequent bridging fibrosis with nodule formation. The fatty change was shown as presence(+) or 

absence (-). The number of rats was counted and used to calculate the percentage of each 

histopathological level at each time point. 

[083] As shown in Figure 2B, seventy-five percent of the DMN-treated rats had none (FO) or 

low levels of fibrosis (Fl) in the first two weeks. By the third to fourth week, nearly 90% of the DMN­

treated rats had high levels of fibrosis, from bridging fibrosis (F2) to frequent bridging fibrosis with focal 

nodule formation (F3). In the last two weeks, F2 and F3 were still present in 78% ofDMN-treated rats. 

The fatty changes were only present in a few treated rats (3.7%). In contrast, there were no abnormal 

pathological patterns present in the control group at all. In addition, no clear abnormality was found in 

the kidney or spleen of the DMN-treated and normal rats (data not shown). Together, the detailed 

necroinflammatory and fibrosis scoring systems of the process of the DMN-induced liver damage 

suggest that dramatic necrosis and inflammation took place during early liver damage progression (week 

1-4), followed by fibrosis formation at 3-6 weeks. Collagen fiber deposition in rat liver could be 
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observed, along with bile duct proliferation, centrilobular necrosis, bridge fibrosis and fibrosis 

surrounding the central veins, after three weeks of DMN treatment. 

Quantitative Real-Time Polymerase Chain Reaction (Q-RT-PCR) 

[084] To gain additional information about the established animal model, Q-RT-PCR was used 

to evaluate the gene expression profile of transforming growth factor-/11 (Tg/{31), which is the strongest 

known inducer of fibrogenesis in the effector cells of hepatic fibrosis that can stimulate the adipocyte 

transformation (24-27). The same total RNA samples were used for both microarray and Q-RT-PCR 

analyses. RNA preparation and analysis were performed according to Affymetrix's (Santa Clara, CA, 

U.S.A.) instructions. The TaqMan® assays were conducted in triplicate for each sample, and a mean 

value was used for calculation of expression levels. To standardize the quantification of the target genes, 

I SS ribosomal RNA (18S rRNA) from each sample was quantified on the same plate with the target 

genes. The Q-RT-PCR result showed that a higher level ofmRNA expression of Tg/{31 was observed in 

DMN-treated rat livers than in the controls (Figure IB). The changes were in agreement with 

observations described in Jezequel A.M. et al. (14). ill sum, these examinations support the DMN-

induced rat hepatic fibrosis model. 

Analysis of Serum Biochemical Data from the DMN-fuduced Hepatic Fibrosis Rat Model 

Experiment 

[085] The serum of each rat, 50 rats in total, was subjected to various biochemical examinations 

related to liver damages. Blood samples, collected from the animals at necropsy, were used to measure 

serum concentrations or activity of albumin, glutamic oxaloacetic transaminase (GOT), glutamic pyruvic 

transaminase (GPT), total bilirubin, alkaline phosphatase (AKP), acid phosphatases (ACP), C¥-fetoprotein 

(AFP), blood urea nitrogen (BUN), cholesterol (CHOL), lactate dehydrogenase (LDH), globulin, 

prothrombin time (PT) and blood platelets (PLT) using an Hitachi 747 and ACL 3000 clinical chemistry 

analyzer system (MYCO, Renton, Washington). When the DMN-treated samples and controls were 

compared, thirteen serum markers showed significant differences and confirmed the DMN-treated group 

24 



had suffered liver damage. The biochemical data for the DMN-treated group suggest that there were 

changes in many serum markers and that the protein expression levels or physical responses are similar 

to human liver damage phenotypes (1, 2). The thirteen serum markers identified in these experiments are 

the same serum markers for human liver fibrosis. 

Example 2: Establishment of Gene Expression Profile During DMN-Induced Liver Fibrosis 

Microarray Analysis 

[086] The quality of the total RNA for microarray analysis was determined using Spectra Max 

Plus (Molecular Devices, Sunnyvale, CA, U.S.A.) and had an A26o/A280 ratio ranging from 1.9 to 2.1. 

Protocols and reagents for hybridization, washing and staining followed Affymetrix's instructions 

(http://www.affymetrix.com/support/technical/manuals.affx). Labeled cRNA was hybridized to the 

Affymetrix GeneChip Test 3 Array to verify the quality prior to hybridization to the Affymetrix Rat 

Genome U34A Array. 

Data Analysis and Clustering Algorithm 

[087] The microarray images were transformed into text files containing intensity information 

using GeneChip® Operating Software (GCOS) developed by Affymetrix. The microarray datasets were 

then analyzed using GeneSpring® 7.2 software (Silicon Genetics, Redwood City, CA, U.S.A.). 

Gene Expression Profiling 

[088] Over the six week time course of the experiment, the liver tissues of 12 control animals 

and 12 DMN-treated rats (2 rats for each time point) were selected to perform microarray experiments. 

Before any statistical analyses were applied to the microarray data, reproducibility was assessed. Genes 

were selected as present when they were assigned a present call according to the perfect match 

(PM)/mismatch (MM) algorithm of Affymetrix in all gene chips (28). Of the 8799 probe sets analyzed, 

overall expression patterns for 2385 transcripts on the chips were reported to be present (P< 0.05). To 

verify that intra-sample variability did not obscure differences between the controls and DMN-treated 

groups, as well as to determine the fold-change that should be considered as significant, expression 

25 



profiles among the 24 control datasets were compared. Scattered graphs of expression levels of the 2385 

transcripts represented on the microarray were compared with each other. The relationship between the 

experimental chips in the microarray analysis was analyzed by linear regression. Overall, there was no 

statistical difference, with 3.2 % of transcripts deviating more than 2-fold. To investigate the time course 

variability, the reliable signals of these 2385 probe sets between the first and sixth week of controls, were 

calculated. Again, there was no statistical difference, with 4.6 % of transcripts deviating more than 2-

fold. In contrast, a significant scatter was found between controls and DMN-treated groups, with 28.7 % 

of transcripts deviating more than 2-fold. 

[089] As a first step to minimize the likelihood of false positives, all transcripts were filtered by 

forming two independent clusters from the microarray data and identifying those that were differentially 

expressed. For detailed analysis, the first cluster generated 2385 transcripts as previously described. Of 

these, 268 were differentially expressed transcripts either higher or lower by 1.5 fold or more when 

compa1ing the controls and DMN-treated groups. The second method, which used the "detection flag" 

selection (24), reported 23 transcripts as "present" in the DMN-treated groups but not in the controls. In 

contrast, there was only one transcript reported "absent" in all DMN-treated groups but "present" in the 

controls. 

[090] Altogether, 292 transcripts representing 256 genes, including 137 up-regulated and 119 

down-regulated genes, exhibited differentially expressed gene expression patterns when the DMN-treated 

groups and controls were compared. Hierarchical clustering generated a dendrogram for the gene 

expression patterns of these 292 transcripts across the 24 samples as shown in Figure 3A. The rows 

represent individual transcripts and colunms represent time course samples. The color in each cell 

reflects the expression level of the corresponding tissue, relative to its mean expression level. The scale 

extends from fluorescence radios of0.25 to 4 relative to the mean level for all samples. 
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Ouantitative-Real-Time-Reverse-Transcriptase Polymerase Chain Reaction CO-RT-PCR) 

(091] To validate the microarray data, Q-RT-PCR analysis was performed for tissue inhibitor of 

metalloproteinase 1 (Timpl), tissue inhibitor ofmeialloproteinase 2 (Timp2), matrix metalloproteinase 3 

(Mmp3) and gamma-glutamyl transpeptidase (Ggtp). These genes were chosen for validation because 

these genes occurred both in this GeneChip study and in previous studies. 

(092] As determined by Q-RT-PCR, Timpl(Figure 3B), Timp2, Mmp3, Ggtp (data not shown) 

and Tgf(Jl (shown previously in Figure IB) were elevated in DMN-treated samples. The results ofQ-

RT-PCR analysis of these five genes were consistent with previous reports examining these individual 

markers (8, 9). 

(093] Moreover, a good concordance based on the fold changes between microarray data and Q­

RT-PCR results was observed. As shown in Figure 3B, Timpl expression was elevated over 20-fold in 

DMN-treated rats in both microarray and Q-RT-PCR experiments. TaqMan® assays were conducted in 

triplicate for each sample, and a mean value was used for calculation of expression levels (marked by the 

square). To standardize the quantification of the Timpl transcript, !SS rRNA from each sample was 

quantified on the same plate as the target gene, as indicated by the log scale on the right side of plot. The 

expression levels of the two Timpl transcripts, rc_AI169327 _at and rc_Ail69327 _g_at (marked by a 

circle and a triangle, respectively), were set forth relative to the mean of all gene expression levels as 

indicated by the scale on the left side of plot. The expression pattern of Timpl was highly correlated 

between the Q-RT-PCR results and the GeneChip analysis (the Pearson's correlation coefficients were 

0.79 and 0.92, respectively) (Figure 3B), suggesting that the gene expression results were reliable when 

subject to more detailed analysis. 

Fibrosis Candidate Genes 

(094] Necroinflammatory and fibrosis have been suggested to play important roles in the 

progression ofliver cirrhosis in the rat model (8, 23, 24, 29, 30). To clarify the factors responsible for 

the histopathological phenotype, all rat samples were classified by histopathological evaluation with 
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histopathological scores for necroinflammation (AO-A6) and fibrosis (FO-F3) as described earlier in 

Figure 2B. The student t-test statistic analysis was used for fibrosis-related genes analysis as it was 

based on the two-subgroup (F(0-1) and F(2-3)) variation in fibrosis score. AP-value ofless than 0.05 

was considered to be statistically significant. 

[095] Using the student's t-test, the inventors analyzed those 256 genes with expression either 

higher or lower by 1.5 fold or more in DMN-induced rats than in control rats. A total of 62 differentially 

expressed genes (32 up regulated and 30 down regulated) between the F(0-1) and F(2-3) level of fibrosis 

were identified, estimated using only two subgroup variations for the fibrosis score, at the 5 % 

significance level. In agreement with previous studies, three genes, including Timpl, CD63 and annexin 

Al (Anxal), exhibited similar gene expression patterns during liver fibrosis (31-34). 

[096] Timpl is a well-known fibrosis marker and has been proven to play a significant role in 

the progression of liver fibrosis. In the later stages of liver injury, hepatic stellate cells (HSCs) express a 

combination of matrix metalloproteinases (MMPs) that have the ability to degrade normal liver matrix, 

while inhibiting degradation of the fibrillar collagens that accumulate in liver fibrosis. An increase in 

expression of Timpl leads to a more global inhibition of degradation offibrillar liver collagens by 

interstitial collagenases (MMP-l/MMP-13) (35). As shown in Fig. 3B, expression of Timpl was 

elevated more than twenty fold in DMN treated rats in microarray. 

[097] CD63, a transmembrane protein, one of the fibrosis gene signatures observed, is also up­

regulated after DMN treatment. Following chronic injury, HSCs activate or differentiate into 

myofibroblast-like cells, acquiring contractile, proinflammatory, and fibrogenic properties. Activated 

HSCs migrate and accumulate at the sites of tissue repair, secreting large amounts of extracellular matrix 

proteins during the progression of fibrosis. Activated HSCs have been identified as major collagen­

producing cells (collagen is an extracellular matrix protein) and an initiator ofliver fibrosis when the 

liver is injured (7). It has been demonstrated that inhibition of CD63 might be a novel diagnostic marker 

for the injured liver. 
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[098] Annexin Al (Anxal) is highly expressed after liver injury in an alcoholic liver disease 

(ALD) study (34). Alcohol initiated liver injury occurs via inflammation. ALD progression involves 

continuing liver injury, fibrosis, and impaired liver regeneration. It has been suggested that Anxal might 

play a role in the progression of fibrosis. 

[099] The fact that the present study agrees with previous studies for the three genes as 

described above indicated that oligonucleotide microarray analysis is a powerful approach for monitoring 

molecular events during liver injury and repair where the pathogenesis is unknown. Also, the signature 

genes identified in this study could discriminate successfully between the low-score and the high-score 

histopathology groups. Together, the genes would seem to be responsible for fibrosis formation and are 

possible markers for the detection of fibrosis. 

Example 3: Protein Expression Profiling During DMN-Induced Liver Fibrosis 

[0100] Experiments using iTRAQ tagging were performed to identify differentially expressed 

proteins in liver fibrosis. 

Isobaric Tagging Method : Sample Preparation and Reagent Labeling 

[0101] The liver tissues of6 control and 6 DMN-treated rats were used to perform duplicate 

iTRAQ labeling experiments. Liver tissue was frozen in liquid nitrogen and then pulverized to powder 

using a mortar and pestle pre-cooled with liquid nitrogen. Then, the liquid nitrogen was allowed to 

evaporate, and the powdered tissue was separated into tubes and stored at -80°C. Twenty volumes (w/v) 

oflysis buffer (containing 2% (w/v) SDS in 20mM phosphate buffer at pH 7.6) was added to the 

powdered tissue and incubated at room temperature for I hour. Samples were centrifuged at 12000 rpm 

for I 0 minutes and the supernatant was taken for acetone precipitation by adding six volumes of cold 

acetone to the sample tubes. Tubes were incubated at -20°C until precipitate formed. After decanting 

the acetone, pellets were resuspended with 0.1 % SDS and 6M urea in dissolution buffer (provided by 

iTRAQ Reagents Kit, Applied Biosystems, Foster City, CA, U.S.A.). 
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(0102] The total protein contents were determined using the Coomassie Plus Protein Assay 

Reagent (PIERCE, Rockford, IL, U.S.A.). Two hundred (200) µg of proteins were taken and diluted by 

an equal volume (w/v) of dissolution buffer containing 0.1 % (w/v) SOS. Proteins were reduced and 

cysteines blocked as described in the iTRAQ protocol (Applied Biosystems, Foster City, CA, U.S.A.). 

Four volumes of dissolution buffer were added to each tube and incubated with 20 µg Trypsin at 37°C 

for 16 hours. Tryptic peptides extracted from liver tissue of controls and DMN-treated rats were labeled 

with iTRAQ 114 and 115, respectively, at each time point of the experiment. 

Peptide Separation and Analysis 

(0103] Peptides with different isobaric tags were pooled and acidified by mixing with IO mM 

phosphoric acid (in 25% (v/v) acetonitrile and 75% H20) to a total volume of 4.0 mL for strong cation 

exchange (SCX) chromatography. The resulting sample was injected into a liquid chromatography 

system (Ettan, GE Healthcare Bio-Science, Umea, Sweden) using a 2.1 mm x 200 mm Polysulfoethyl A 

column packed with 5 micron 300 A beads (PolyLC, Columbia, MD, U.S.A.) at a flow rate of0.08 

mUmin. A guard column of the same material was plumbed upstream from the analytical column. The 

buffers used were 10 mM KH2P04, 25% (v/v) acetonitrile at pH 3.0 for buffer A and 10 mM KH2P04, 

JM KC!, 25% (v/v) acetonitrile at pH 3.0 for buffer B. The elution gradient was changed linearly from 0 

to 40% buffer B within 16 mL and then up to 100% buffer B in another 4 mL. A total of 30 fractions 

were collected and dried by speed vacuuming centrifugation. All the fractions were desalted on 

pepClean™ C-18 spin columns (PIERCE, Rockford, IL, U.S.A.). The desalted peptide from each SCX 

fraction was dried by speed vacuuming centrifugation and then analyzed by nanoLC hybrid mass 

spectrometry. The nanoLC system was from LC Packings (Amsterdam, The Netherlands), coupled to an 

API QSTAR Pulsar Hybrid QqTOF mass spectrometer (Applied Biosystems/MOS Sciex, Foster City, 

CA, U.S.A.). Peptide separation was performed using a reversed-phase C18 column (75 µm in diameter x 

15 cm in length, 3 µm particles) with a two-step linear gradient ofS-50% Buffer A over 45 minutes and 

50-95% Buffer B over 10 minutes at a flow rate of 0.2 µI/minute (Buffer A: 2% (v/v) acetonitrile, 0.1 % 
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(w/v) formic acid; Buffer B: 80% (v/v) acetonitrile, 0.1 % (w/v) formic acid). The m/z scanning range for 

MS and tendem MS (MS/MS) were 400-1200 and 75-1500 Da, respectively. MS/MS mass spectra were 

analyzed in continuous flow mode with a 10 mm I.D. fused silica tip. MS/MS spectra were analyzed 

against rat.fasta databases from NCBI by ProQUANT 2.0 (Applied Biosystems/MOS Sciex, Foster City, 

CA, U.S.A.). The accuracy tolerance for peptide identification was 0.5 Da for MS and 0.5 Da for 

MS/MS, respectively. The cut off for the confidence settings was at 95 and for the score was at 20. 

Relative quantification of peptide was performed on the MS/MS scans, using ratio of the areas under the 

peaks. Relative quantification of protein was obtained by averaging the constituted peptides identified. 

[0104] To validate the method and results obtained from iTRAQ proteomic studies, the 

expression changes of vimentin quantified by mass spectrometry in iTRAQ experiments were compared 

with those obtained through Western blot with anti-vimentin antibody. Proteins were extracted with 2% 

(w/v) SDS in 20 mM phosphate buffer at pH 7.6 from control and DMN-induced rat livers. After 

resolving by 12% SDS-P AGE, proteins were transferred to polyvinylidene diflnoride membranes and 

subsequently immunostained with mouse anti-vimentin monoclonal antibody (Chemicon, Temecula, CA, 

U.S.A.) for 1 hour, then with horseradish peroxidase-labeled goat anti-rat IgG for another hour. The 

immunoreactive bands were detected using an enhanced chemiluminescence system (ECL, Perkin-Elmer 

Life Sciences, Wellesley, MA, U.S.A.). As demonstrated in Figure 4, the results observed in Western 

blots matched the trend as measured by mass spectrometry. 

Results 

[0105] The numbers of distinct peptides identified range from 624-1591 when the confidence 

threshold was set at 95%. A significant number of these peptides were identified more than once. More 

than 351 unique proteins were identified in each experiment. Thirty-nine proteins show significant and 

consistent differences (1.5 fold or more) in protein expression in DMN-treated liver tissue with F2 and 

F3 fibrosis score compared to control rats. Among these 39 proteins, several have previously been 

reported to associate with fibrosis formation, including, fibrinogen, and fibronectin. 
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[0106] Fibrinogen was found to be up-regulated in DMN-induced rats in the present study. This 

is consistent with the results of fibrinogen gene expression in a model CC4-induced rat liver damage. 

The CC14-induced rat liver damage also showed increased fibrinogen mRNA levels and fibrinogen/fibrin 

deposition during short-term liver injury and liver fibrogenesis. This may suggest that fibrinogen 

involves a "clotting-like process" in short term liver damage and liver fibrosis (36). Fibronectin consists 

of two polypeptide chains. It mediates adhesion of collagen, fibrin and heparin to cells and is thus 

involved in the organization of thrombi and in wound healing by inducing attachment of these structures 

to cells. Fibronectin and collagen types I and III have been used as a characteristic feature of a liver 

cirrhotic state in the CCl4-induced liver cirrhosis rat model (37). 

[O I 07] In addition, glycine N-methyltransferase ( Gnmt), aldolase A(Aldoa), Myosin light 

polypeptide 6 (My/6) and, cytoplasmic r actin, (Acty) ) were identified in both RNA expression 

microarray and proteomic studies as exhibiting differential expression. 

Example 4: Network Analysis 

[0108] To further refine the genes with differential expression in the fibrotic liver, we carried out 

network analysis using the Ingenuity Pathway Analysis (IPA) software (Ingenuity Systems, Mountain 

View, CA, U.S.A.). The genes, which were identified bymicroarray and iTRAQ proteomic analyses, 

were subjected to interacting network analyses. Gene accession numbers were imported into IP A 

software. These networks described functional relationships between gene products based on known 

interactions in the literature. The IP A tool then associated these networks with known biologic 

pathways. Of sixty-two genes identified from the microarray study, forty-two genes fall into 3 groups, 

i.e., gene networks associated with I) cancer, cell morphology, and dermatological diseases and 

conditions; 2) lipid metabolism, small molecule biochemistry, molecular transport; and 3) cancer, cellular 

movement, cellular growth and profileration. See Table 3A. Twenty-two out of thirty-nine proteins 

identified in the proteomic study fall into another 3 networks associated with 1) cancer, cell cycle and 

cell morphology; 2) lipid metabolism, small molecule biochemistry, organismal injury and abnormalities; 
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and 3) hematological disease, endocrine system development and function, nervous system development 

and function. See Table 3B. Table 3A and 3B list the networks' protein functions and members. Genes 

identified in the present study are underlined. The underlined genes that have not been reported to 

associate with liver injury are shown in bold. 

Example 5: Clinical Validation of Biomarkers Identified in the DMN-lnduced Liver Fibrosis 
Rat Model with Human Samples 

[0109] To confirm that the biomarkers identified in the DMN-induced liver fibrosis rat model 

could be used to diagnose liver fibrosis or cirrhosis in humans, we examined expression of the enzyme 

carbonic anhydrase I (see Table 2, SEQ ID NOS: 11 and 71) in human sera by Western blot analysis. 

Serum samples (8 fLI from each patient) from normal volunteers and from patients suffering from 

hepatitis B-related cirrhosis were first treated to remove the twenty high abundance serum proteins using 

the ProteoPrep® 20 Plasma Immunodepletion Kit (Sigma-Aldrich, St. Louis, MO, U.S.A.). After 

depletion, the low abundance serum proteins.were precipitated with 5 volumes of cold acetone at -20°C 

for 2 hours. The protein/acetone mixture was then centrifuged at 12,000 rpm for 10 minutes. The 

protein pellet was resuspended, separated by electrophoresis on a 12% SDS-PAGE gel, and transferred to 

0.45 /Lill polyvinylidene difluoride (PVDF) membranes (Millipore, Billerica, MA, U.S.A.). After 

blocking in 5% (w/v) nonfat milk, the membranes were washed with TBST buffer (20 mM Tris-HCI, pH 

7.6, 137 mM NaCl, 0.1 % (v/v) Tween-20) and incubated with goat polyclonal antibody specific for 

carbonic anhydrase I (Abeam, Cambridge, UK) for I hour. The membranes were washed again with 

TBST buffer and immunostained with horseradish peroxidase-conjugated donkey anti-goat IgG (Jackson 

ImmunoResearch Laboratories, PA, U.S.A.). The immunoreactive bands were visualized using an 

enhanced chemiluminescence system (ECL, Perkin-Elmer Life Sciences, Wellesley, MA, U.S.A.). The 

Western blots clearly show that some serum samples from the cirrhosis patients have higher 

concentrations of carbonic anhydrase I than samples from normal individuals not suffering from 
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cirrhosis. This result confirms that the markers identified in the rat model for liver fibrosis and/or 

cirrhosis are also associated with liver fibrosis and/or cirrhosis in humans. 
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WHAT IS CLAIMED IS: 

1. A method of detecting liver fibrosis and/or cirrhosis 

comprising: 

assaying a biological sample from a patient for 

differential expression of at least one gene encoding a SEQ 

ID NO: 11 or SEQ ID NO: 71 protein, 

wherein the differential expression of at least one gene 

suggests the presence of liver fibrosis and/or cirrhosis. 
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2. A method of detecting liver fibrosis and/or cirrhosis 

comprising: 

determining an amount of at least one protein chosen from 

SEQ ID NO: 11 and SEQ ID NO: 71 in a first biological sample 

from a first subject without liver fibrosis and/or cirrhosis; 

determining an amount of at least one protein chosen from 

SEQ ID NO: 11 and SEQ ID NO: 71 in a second biological sample 

from a second subject known or suspected of having liver 

fibrosis and/or cirrhosis; and 

comparing the amount of said protein present in the first 

biological sample from the first subject with the amount of 

the protein present in the second biological sample from the 

second subject. 
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3. The method as claimed in claim 2, wherein the amount 

of at least one protein is determined by Western blot or ELISA. 

4. The method as claimed in claim 3, wherein the at least 

one protein is the SEQ ID NO: 11 protein. 
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5. The method as claimed in claim 3, wherein the at least 

one protein is the SEQ ID NO: 71 protein. 
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Table 1. Clinical, chemical and fibrosis parameters in treated and untreated groups of rats 

control DMN-treatment 

Numeric variable 1-2 wk{n)' 3-4 wk (n)' 5-6wk{n)' 1-2 wk(n)' 3-4wk{n)' 5-6 wk{n}' 

Albumin (g/dl) 4.4±0.4 (7) 4.6±0.2 (8) 4.7±0.2 (8) 3.9±0.7 (7) 3.5±0.6 (11) 3.2±0.l (7) 

GPT (U/l) 61.1±26. 7 (8) 65.9±19.7 (7) 50.3±4.9 (8) 459.5±78.5 (8) 566.6±313.5 (11) 763.6±405.2 (7) 

GOT (U/l) 110.3±37.6 (8) 84.0±23.5 (7) 109.1±23.5 (8) 661.5±134.4 (8) 1006.1±749.6 (11) 1572.9±965.3 (7) 

Bilirubin (mg/dl) 0.13±0.05 (8) 0.10±0.01 (8) 0.13±0.05 (8) 0. 72±0.53 (8) 1.01±0.74 (11) 1.13±1.00 (7) 

AKP(KA) 46.0±3. 7 ( 4) 44.8±2.2 (4) 47.0±13.6 (4) 600.8±93.0 (4) 668.3±222.0 (3) 468±12.7 (2) 

LDH (IU/I) 262.3±75.1 (4) 289.3±31.7 (3) 292.3±31.3 (4) 414.8±102.7 (4) 562.0±120.8 (3) 853.5±91.2 (2) 

Globulin (g/dl) 6.9±0.3 (3) 6.9±0.5 (4) 7.3±0.2 (4) 6.7±0.1 (2) 5.0±0.8 (4) 3.6±0.3 (2) 

AFP (ng/dl) 0.32±0.04 (4) 0.2±0.01 (2) 0.24±0.03 (4) 0.40±0.19 (4) 0.38±0.05 (4) 0.35±0.07 (2) 

CHOL (mg/di) 88±5 (4) 71±20 (4) 91±5 (4) 77±8 (4) 70±13 (6) 67±18 (5) 

BUN(mgidl) 31±2 (4) 25±6 (4) 26±9 (4) 33±4 (4) 36±2 (4) 31±5 (2) 

ACP (mg/ell) 2.3±0.8 (4) 2.6±0.5 (4) 2.3±0.8 (4) 1.9±0.6 (4) 6.2±1.1 (4) 8.2±0.6 (2) 

PT (sec) 14±1 (7) 13±1 (8) 13±1 (7) 18±4 (8) 20±4 (9) 22±5 (6) 

PLT (103/-1) 741±245 (8) ._981±124 (8) . 893±109 (8) . 4_07±72 (7)_ 300±165 (11) 229±302 (7) 

GPT, glutarnic pyruvic transaminase; GOT, glutarnic oxaloacetic transaminase; Bilirubin, total bilirubin; AKP, alkaline phosphatase; LDH, lactate 

dehydrogenase; AFP, a-fetoprotein; CHOL, cholesterol; BUN, blood urea nitrogen; ACP, acid phosphatase; PT, prothrombin time; PLT, blood 

platelets. 

a: Mean±SD of value from 1-2, 3-4 or 5-6 week in treated and untreated groups. 
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Table 2. The 63 selected genes and their hnman orthologs 

ID Method Expression Protein name-Rat Official Symbol Gene ID Human orthologs- Official Human 
ID name Symbol Homolog 

GeneID 

SEQ Proteomics down cytochrome P450, Cyp2c23 83790 -
ID family 2, subfamily 

NO: I c, polvpeotide 23 

SEQ Proteomics down cytochrome P450, Cyp2dl3 24303 -
ID family 2, subfamily 
N0:2 d, polvueptide 13 

SEQ Proteomics down fatty acid synthase Fasn 50671 SEQ ID fatty acid synthase FASN 2194 

ID N0:64 

N0:3 
SEQ Proteomics down hydroxysteroid (17- Hsdl7b2 79243 SEQ ID hydroxysteroid (17- HSD17B2 3294 

ID beta) dehydrogenase N0:65 beta) dehydrogenase 

N0:4 2 2 

SEQ Proteomics down Estrogen Ste2 - SEQ ID sulfotransferase, SULT!EI 6783 

ID sulfotransferase, N0:66 estrogen-prefening 

N0:5 isoform2 

SEQ Proteomics down similar to cDNA 362399 SEQ ID ZXD family zinc ZXDC 79364 

ID sequence BC022133 N0:67 finger C 

N0:6 
SEQ Proteomics up S 100 calcium S100a9 94195 SEQ ID S 100 calcium- SJOOA9 6280 

ID binding protein A9 N0:68 binding protein A9 

N0:7 ( calgranulin B) 

SEQ Proteomics up actin, gamma, Actg(Actgl) 287876 - - -
ID cytoplasmic 
N0:8 
SEQ Proteomics up aldehyde Aldhlal 24188 SEQ ID aldehyde ALDH!Al 216 

ID dehydrogenase N0:69 dehydrogenase !Al 

N0:9 family 1, member 
Al 
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ID Method Expression Protein name-Rat Official Symbol Gene ID Human orthologs- Official Human 
ID name Symbol Homolog 

GeneID 

SEQ Proteomics up Rho GDP Arhgdia 360678 SEQ ID Rho GDP ARHGDIA 396 

ID dissociation inhibitor N0:70 dissociation inhibitor 
NO: (GDI) alpha (GD!) alpha 

IO 
SEQ Proteornics up carbonic anhydrase I Cal_predicted 310218 SEQ ID carbonic anhydrase I CAI 759 

ID (predicted) N0:71 
NO: 
11 
SEQ Proteomics up carbonic anhydrase Ca2 54231 SEQ ID carbonic anhydrase CA2 760 
ID 2 N0:72 II 
NO: 
12 
SEQ Proteomics up cytochrome P450 Cyp2cl3 171521 . . . 

ID 2c13 
NO: 
13 
SEQ Proteornics up thyroid autoantigen G22pl 25019 SEQ ID ATP-dependent XRCC6 2547 
ID N0:73 DNA helicase JI, 70 
NO: kDa subunit 
14 
SEQ Proteomics up myosin, heavy Myh9 25745 SEQ ID myosin, heavy MYH9 4627 

ID polypeptide 9 N0:74 polypeptide 9, non-

NO: muscle 
15 
SEQ Proteomics up M yo sin light Myl6 - SEQ ID similar to Myosin 124685 
ID polypeptide 6 N0:75 light polypeptide 6 
NO: (Myosin light chain 
16 alkali 3) (Myosin 

light chain 3) (MLC· 
3) (LC17) 
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ID Method Expression Protein name-Rat Official Symbol Gene ID Human orthologs- Official Human 
ID name Symbol Homolog 

GeneID 

SEQ Proteomics up prosaposin Psap 25524 SEQ ID prosaposin PSAP 5660 
ID N0:76 
NO: 
17 
SEQ Proteomics up similar to Myosin RGD1309537_p 501203 SEQ ID myosin regulatory 10627 
ID regulatory light redicted N0:77 light chain MRCL3 
NO: chain 2-A, smooth 
18 muscle isoform 

(Myosin RLC-A) 
(oredicted) 

SEQ Proteomics up solute carrier family S!c4al 24779 SEQ ID solute carrier family SLC4Al 6521 
ID 4, member 1 N0:78 4, anion exchanger, 
NO: member 1 
19 (erythrocyte 

membrane protein 
band 3, Diego blood 
~oun) 

SEQ Proteomics up transgelin 2 Tagln2 304983 SEQ ID transgelin 2 TAGLN2 8407 
ID (predicted) N0:79 
NO: 
20 
SEQ Proteomics up tropomyosin 3, Tpm3 117557 SEQ ID tropomyosin 3 TPM3 7170 
ID gamma N0:80 
NO: 
21 
SEQ Proteomics up talin Tin 313494 SEQ ID talin 1 TLNl 7094 
ID NO: 81 
NO: 
22 
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ID Method Expression Protein name-Rat Official Symbol Gene ID Human orthologs- Official Human 
ID name Symbol Homolog 

GeneID 

SEQ Proteomics up similar to RGDI308525 - 298381 SEQ ID enoyl Coenzyme A ECHDC2 55268 
ID hypothetical protein predicted NO: 82 hydratase domain 
NO: D4Ertd765e containing 2 
23 ( oredicted) 
SEQ Microarray down aminoadipate Aadat 29416 SEQ ID alpha-arninoadipate AADAT 51166 
ID anrinotransferase NO: 83 aminotransferase 
NO: 
24 
SEQ Microarray down acyl-CoA synthetase Acsll 25288 SEQ ID acyl-CoA synthetase ACSLI 2180 
ID long-chain family N0:84 long-chain family 
NO: member 1 member 1 
25 
SEQ Microarray down aldehyde Fthfd 64392 SEQ ID aldehyde ALDH!Ll 10840 
ID dehydrogenase 1 N0:85 dehydrogenase 1 
NO: family, member LI family, member LI 
26 
SEQ Microarray down arginosuccinate Ass 25698 SEQ ID argininosuccinate ASS 445 
ID synthetase N0:86 synthetase 
NO: 
27 
SEQ Microarray down dimethylglycine Dmgdh 245961 SEQ ID dimethyl glycine DMGDH 29958 
ID dehydrogenase 
NO: 

N0:87 dehydrogenase 

28 
SEQ Microarray down dihydropyrirnidinase Dpys 65135 SEQ ID dihydropyrimidinase DPYS 1807 
ID N0:88 
NO: 
29 
SEQ Microarray down phosphodiesterase Enpp2 84050 SEQ ID ectonucleotide ENPP2 5168 
ID I/nucleotide N0:89 pyrophosphatase/ 
NO: pyrophosphatase 2 phosphodiesterase 2 
30 (autotaxin) 
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ID Method Expression Protein name-Rat Official Symbol Gene ID Human orthologs- Official Human 
ID name Symbol Homolog 

GeneID 

SEQ Micro array down fatty acid amide Faab 29347 SEQ ID fatty acid amide FAAH 2166 
ID hydrolase N0:90 hydrolase 
NO: 
31 
SEQ Microarray down guanidinoacetate Gamt 25257 SEQ ID guanidinoacetate N- GAMT 2593 
ID methyltransferase NO: 91 methyltransferase 
NO: 
32 
SEQ Microarray down L-gulono-gamma- Gulo 60671 - -
ID lactone oxidase 
NO: 
33 
SEQ Microarray down 3- Hibadh 63938 SEQ ID 3- HIBADH 11112 
ID hydroxyisobutyrate N0:92 hydroxyisobutyrate 
NO: dehydrogenase dehydrogenase 
34 
SEQ Microarray down ketohexokinase Khk 25659 SEQ ID ketohexokinase KHK 3795 
ID N0:93 
NO: 
35 
SEQ Microarray down kynureninase (L- Kynu 116682 SEQ ID kynureninase (L- KYNU 8942 
ID kynurenine N0:94 kynurenine 
NO: hydrolase) hydrolase) 
36 
SEQ Microarray down Pyruvate Pc 25104 SEQ ID pyruvate carboxy!ase PC 5091 
ID carboxy lase N0:95 
NO: 
37 
SEQ Microarray down pyruvate Pdk2 81530 SEQ ID pyruvate PDK2 5164 
ID dehydrogenase N0:96 dehydrogenase 
NO: kinase 2 subunit p45 kinase, isoenzyme 2 
38 (PDK2) 
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ID Method Expression Protein name-Rat Official Symbol Gene ID Human ortbologs- Official Human 
ID name Symbol Homolog 

GenelD 

SEQ Microarray down solute carrier family S!clOal 24777 SEQ ID solute carrier family SLClOAl 6554 
ID 10, member 1 N0:97 10 (sodium/bile acid 

NO: cotransporter 

39 family), member 1 

SEQ Microarray down solute canier family SEQ ID solute carrier family SLC37A4 2542 
ID 37 (glycerol-6- N0:98 37 (glycerol-6-
NO: phosphate S!c37a4 29573 phosphate 
40 transporter), member transporter), member 

4 4 

SEQ Microarray down similar to - 501086 SEQ ID sulfotransferase SULT!Cl 6819 
ID Sulfotransferase K2 N0:99 family, cytosolic, 
NO: (rSULT1C2A) IC, member 1 

41 
SEQ Microanay up arachidonate 5- Alox5ap 29624 SEQ ID arachidonate 5- ALOX5AP 241 
ID lipoxygenase NO: 100 lipoxygenase-
NO: activating protein activating protein 
42 
SEQ Microarray up adenine Aprt_predicted 292072 SEQ ID adenine APRT 353 
ID phosphoribosyl NO: 101 phosphoribosyltransf 
NO: transferase erase 
43 1 nredicted) 

SEQ Microarray up brain abundant, Baspl 64160 SEQ ID brain abundant, BASPl 10409 
ID membrane attached NO: 102 membrane attached 
NO: signal protein I signal protein I 
44 
SEQ Microanay up benzodiazepin Bzrp 24230 SEQ ID peripheral BZRP 706 
ID receptor NO: 103 benzodiazapine 
NO: receptor 
45 
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ID Method Expression Protein name-Rat Official Symbol Gene ID Hnman orthologs- Official Hnman 
ID name Symbol Homolog 

Gene ID 

SEQ Microarray up carbonyl reductase Cbrl 29224 SEQ ID carbonyl reductase 1 CBRI 873 
JD NO: 104 
NO: 
46 
SEQ Microarray up CD47 antigen (Rh- Cd47 29364 SEQ ID CD47 antigen CD47 961 
JD related antigen, NO: 105 
NO: integrin-associated 
47 signal transducer) 

SEQ Microarray up embigin Emb 114511 SEQ JD embigin homolog EMB 133418 
ID NO: 106 
NO: 
48 
SEQ Microarray up myeloid Mydll6 171071 SEQ JD protein phosphatase PPP1Rl5A 23645 
JD differentiation NO: 107 1, regulatory subunit 
NO: primary response 15A 
49 gene 116 

SEQ Microarray up N-myc downstream Ndrg2 171114 SEQ ID N-myc downstream- NDRG2 57447 
ID regulated gene 2 N0:108 regnlated gene 2 
NO:SO 
SEQ Microarray up expressed in non- Nmel 191575 SEQ ID non-metastatic cells NMEl 4830 
ID metastatic cells 1, NO: 109 1, protein (NM23A) 
NO:Sl protein (NM23A) expressed in 

(nucleoside 
diphospbate kinase) 

SEQ Microarray up neuregulin 1 Nrgl 112400 SEQ ID neuregulin 1 NRG! 3084 
ID NO:llO 
NO: 
52 
SEQ Micro array up oxidized low density Oldlrl 140914 SEQ ID oxidised low density OLRl 4973 
JD lipoprotein (lectin- NO: 111 lipoprotein (lectin· 
NO: like) receptor 1 like) receptor 1 
53 

50 



ID Method Expression Protein name-Rat Official Symbol Gene ID Human orthologs- Official Human 
ID name Symbol Homolog 

GeneID 

SEQ Microarray up protein tyrosine Ptk9 315265 SEQ ID twinfilin-like protein PTK9L 11344 
ID kinase 9 NO:l12 
NO: 
54 
SEQ Microarray up syndecan binding Sdcbp 83841 SEQ ID syntenin SDCBP 6386 
ID protein N0:113 
NO: 
55 
SEQ Microarray up serine protease Spinkl 24833 SEQ ID serine protease SPINK! 6690 
ID inhibitor, Kaza! type N0:114 inhibitor, Kaza! type 
NO: I 1 
56 
SEQ Microarray up tyrosine Ywhah 25576 SEQ ID tyrosine YWHAH 7533 
ID 3/tryptophan 5 - N0:115 3/tryptophan 5 -
NO: monooxygenase monooxygenase 
57 activation protein, activation protein, 

eta nolvnentide eta nolvneotide 
SEQ Microarray up S 100 calcium SJOOalO 81778 SEQ ID SIOO calcium- SlOOAlO 6281 
ID binding protein A 10 N0:116 binding protein A I 0 
NO: 
58 
SEQ Microarray up B-rell translocation Btg2 29619 SEQ ID B-cell translocation BTG2 7832 
ID gene2 NO: 117 gene2 
NO: 
59 
SEQ Microarray up 3'-phosphoadenosine Papss2_ 294103 SEQ ID 3'-phosphoadenosine PAPSSl. 9061 
ID 5'-phosphosulfate predicted N0:118 5'-phosphosulfate 
NO: synthase 2 synthase I 
60 (predicted) 
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ID Method Expression Protein name-Rat Official Symbol Gene ID Hnman orthologs- Official Hnman 
ID name Symbol Homolog 

GeneID 

SEQ Microarray up biogenesis of Blocls2 293938 SEQ ID biogenesis of BLOC1S2 282991 

ID lysosome-related N0:119 lysosome-related 

NO: organelles complex- organelles complex-

61 1, subunit 2 1, subunit 2 

SEQ Microarray up Similar to RIKEN RGD1310681_ 297903 - -
ID cDNA 6720467C03 predicted 

NO: (predicted) 
62 
SEQ Microarray up transformed mouse Mdm2_ 314856 SEQ ID mouse double MDM2 4193 

ID 3T3 cell double predicted NO: 120 minute 2 homolog 

NO: minute 2 (predicted) 

63 
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Table 3A. Interacting network analysis of proteins selected from microarray study 

Genes* Top functions 

ACTGl, ADARBl, AHCY, AKTl, ALDOA. BASPl. BZRP. CD63, Crisp! 

1 
(MGI:l02553), EMB, FAAH, GLII, GNMT, HRAS, IFNG, KHI{, KRTl8, MYC, MYCN, Cancer, Cell Morphology, 
NDRG2, NMEl, OTC, PPARA, RHOB, RPL23, RPL27, RPL35, RPL38, RPIAI, Rpm12, Dermatological Diseases and Conditions 
RPS16, RPS27, RT!-A, SARDH, SLC37A4 

ACSLl, ALOXSAP, Al'!XA!, ASS, ATF3, CD47, CIDEC, CP, DF, FABPl, GPDl, 

2 
HOXA! !, KYNU, MMP16, MTP, MYL6, OLRl. PC, PDK2, PF4, PLIN, PLP!, PPARG, Lipid Metabolism, Small Molecule 
PPP1R15A, PROC, PTGES, RGS7, SLC27Al, SPHK!, TIMP!, TNF, UBQLN2, UCP2, Biochemistry, Molecular Transport 
UCP3, Wap 

AC02, AKRIBIO, BTG2, CBRl, DAD!, DUSP5, ELF3, ENPP2, FGF2, GBPI, GLG!, 

3 
GPI, GRIN2C, HSPAlA, IGFALS, IL!B, JUN, KCNH2, MAOB, MTIL, MT2A, NR3Cl, Cancer, Cellular Movement, Cellular 
NRGl, P53AIP1, PHKG!, SlOOAlO, SDCBP, SHBG, SLC!OAl, SLCIOA2, SPINK!, Growth and Proliferation 
SPRY!, TP53, YWHAH, ZFP36L2 

* Genes identified in the present study are underlined. The underlined genes that have not been reported to associate with liver m1ury are 
in bold. 
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Table 3B. Interacting network analysis of proteins selected from iTRAQ proteomic study 

Genes* Top functions 

ADDI, ALB, ALDHlAl, CA2, CASP3, CNN2, crNNBI, DIA!, ENPP!, GBA, 
p 

1 
GM2A, HGF, HSD17B2, ILIB, ITPA, JTVI, KRT17, LMNA, LMNB2, MAP4, 
MYC, OAT, PLS3, PSAP, S100A9, SERPJNHI, SLC4Al, SRM, SULTlEl, Cancer, Cell Cycle, Cell Morphology 

TAGLN2, TGFBl, TLNl, TPM3, UGDH, VIM 
ACADM, ACTC, ADCY7, ALDH2, ALDOA, ALDOB, ARG2, ARHGDIA, 

i,ipid Metabolism, Small Molecule 

2 
CD276, CNR2, CPS!, CROT, Cyp4al0, Cyp4al4, EHHADH, EPHXl, FAAH, 

~' FNI, G22Pl, GNMT, GOT2, HOXD4, HPX, HRSP12, Ifil, IFNG, IL4, Biochemistry, Organism al Injury and 

LEP, Mug!, MYH9, MYODl, PPARA, SORD, TGM2 
Abnormalities 

~. ANXAI, CLU, CYP2Cl3, CYP3A2, FGA, FGB, FGG, FLII, GAL, GFAP, 

3 
GH!, GHRH, GHRL, HBAl, HBA2, HBB, Hbb-ar; Hbb-bl, Hbb-b2, Hbb-bhl, Hematological Disease, Endocrine System 

Hhb-y, HBD, HBEl, HBGl, HBG2, HBQl, HBZ, IL6, NTS, SOCS2, Stat5, TF, TG, Development and Function, Nervous 

TTR 
System Development and Fnnction 

* Genes identified in the present study are underlined. The underlined genes that have not been reported to associate with liver injury are 

in bold. 
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.sEQm 1 cytodirome P450,fa'inlJY,•2/slibflillillyc,.pol~l!!le~ 
MI!LLGl'TTLALYVSVTCI;SLl.$VWT~LRTRGRLPP.Ol'H1'~~~~TAT'J'!Pl¥3,!il!il'S;LS~AKl!YGPV·y'.l' 
LyFGTSP!VVtHGXD\iyK!!ti.tl'!lQ9Dl!Fti9~GPI;PIµlI)THJ!'.oXGl,f!f$N(i!Jl!;Vll<;~R,l!;PSLbj'.l'LRN1'CI!.{ 
GKRSLIUiJ!. VQEi'J,.~WC!.i:efi'jlll;Q~IQQPFPmµ;A'9'fiPJ'lNVIC!Sil.fNiiRFQYNDiqFLNLMDL,LN.~Q 
QVNSVJ'l<;:Q~l'l'!LWPTllKY!-PGIP!)BFAK!IIJ;lD~lWiEKVll'~QKSI;[)PJ>.ll{J'RD\'.J09!'LSiqli!jE~ 
l'!I;KSlll'l!LllNL:AKCG$N!:.PTA()'.fJ!T'!.'ST'J:f.-Rl'GLf4LMK¥illlVQ~KVHl!tiL[)RylORHQP1.'SM~~P 
·ytI1AvtlIBIQRYITLVGSStl>lJAVVQDTKFRJiY:\i&KGTT'Yi.PM:l;Ssv.MLJ;lQ1'!!1'ANPEKFiiPGBFLDKN 
G.C:EKKTDYl.'VPFSLOKRACV()l!gI;l\J!MB!:<~Lfl'TTLLQKPSCiK'.i'LVl\PK!)I;IifKl.'l'CT..GUJil'I;PPl'.YKLC 
·LVPR 

SEQ m 2 eytochl'Ofu\! P450,l'aniily2/'Sl1i>tiiirillyd,;l)f)i:fpepjfde'J:t 
MELLAGTGLWPM~LL~~QRWTSRYl'PG?VPWPVI;ONLLQVDllCNMJ.>YSMYKLQNR.YGD 
wsi-'Q!.f9\VKPVVWNoi,;kAYi2~Y1:¢ai;l)TkJ'11tfl;lM!ill!QH1<01tGl{r{;i;\l:aYvLAj\~!fl'l>~aRf~Ys 
11.R1'il'GV,OKKS_LBQ'\'iYTDEASllliC!DALTAlfAGRJ:.'LIIPYTLLNKAVCJ'l¥IASLIYARRPD:y'GpJ!p)1.IKV4C 
Iti'<l!SMGi'JQTGl.Pl>i'j\i'LN~li~VLLRIPGWAiiK-~PGQK'!'FL~l;>l'!J.'~11,l(:n'lJ;iP.l)Qpf!aJ:!;.:l'Jl>\IW!\. 
lijE~GNFi!SSFNDA,1'{LREV~!)LPQASJM'\!'TI'Sl'.f[;TV(ALI,'LlPLf!PQVQGR:'\fQQfiI!>.B'YIGQ:VitHPJM 
i\l;>QA!IMJ'FJ'NAVIHEV.QRFAOIVPM!'i!;;~JtKTsi\I>q!V'QG!'.IllPKGTTI.lPl141$Yl-!tDE',!'VW!i!KPLRF!l;l' 
El:iFI;llAQGNWKllE.AFMPPSAGtti\ACbUBi>LARM)iLPLP!lTCI:.LQRl"Sl'S:Vl>TGQl'J\PSj>Y'GVFAf!il:.SP 
:S!'YQLql).i!KR • . . 

·SE;Q.ro·a {'atty a-dd l<yntbaSe 
•MEEYV!ACWSG.la;i>ESllNI;RliFW'ANLl:GllVDMVroDDRR~A:OLXQLP~GKLKJ:>LilKpi'.>ASfflJ~BPK 
QA!m.iDPQi.iu;ttliVsY)iA;LVQi!o.JNVAsLRctrNTQVW\ig:Vsas!l!<Sj3"i!Sl!;l;l!'ll;'l:i,;J;G;Yslif\"b($'Q~ 
A;Nl{Lsffi!DP,K01'SIALbt'i\j::ssSJ;l,t\LQf'l.N¥:Q'AJRS(JllCPAALV(i(J~f;)'.;4~i1Nf<$.YQf!>tl,{.l;GMI;SPEiO 
J'.CRS~!)~"!!'.l~C.RAJ;AVV.A'VLLTKI$~I:!l\l!;1!i-V'X:AT~IJ!AoT1'1T!)QC!atQGVTPJ'S.Q!!AQE.QI;1R,S,.L:YQl!9 
•GVAPB$t!J\<I1';mGTQ'J;'KVQ!)p'Qlj!-~Ql't:J!.sLQ!<lii!-Qsl\tflGS.ljl.l:.Ql~l!p.4'S.Gp!\i?<tT,KVU.,~I,~ •. 
:(l)'IW.·.··· A .. :!)N.tH!_. ~"~.E!f.~~ ... 1,,1?2.~~t;!YV.!l ... :rtPJ,)PVR.. (l(l!yiJ S!1(J~:::i\N¥.~1k!ll' .. ~. QQA1'..Af~HAA.·.· .. :"'.· 
)'llLLHASGR1MBAVQo...,.,Qo"""'s~~SMtNOIAA'rlit:AAMPBROY'N...v .. Elil1IV\l1!YQQv~~QR 
PLWl'f~GMGTQWJl;GMGLSL!i(\Ue.I>SJ',l!llS,lLRSOl!~!\W!'GY:!!:VSPU\lilll'!)E!OJl!D);)I.V~!'Ys.t.TAj'Q . 
v.LIDL!/l'Sl.!QL!CPJ:iG!J.(!Hs.LQJIVAC('IY.WOCl;S:Ql\~Y!lAl\;Y:W!\QQgltal~ljPf>ipS?i!AAVQl'.,SWEEC· 
!{Q.RCPP-.'JYVPAC~SJ.!DTV'fJSO!!Jil.i!AVN!!EVJ3@:.KQ.£!0Y).'AI.<l!V!<TQ()I:,Al1¥$YF¥J'!GlM'T!;LQALKtC 
VIREPRPRSARWLS.TS!l'R(\Q}V~.gL~T~S;\,!>'YNVNNI;YSl'V!-.l'QBAL;IVHVJ!!'U,!'!'YVLl!!A11Hli!;J.iQAV 
·LICl!;GVKPSC.TILP!-!\tKJ!.PflKl>NLllF.l'!-TNLOKYHLl'O![)!Nl',N'ALl'l'PVfllll'VP!l!)ll'PLfSPijlXWDHSQ 
T\¥i>i.i!v~11.l'~1'[o~s.sssATVYmtiA5llt>ssofi;x!'.;ifbHeJi?.Gl\~f1fG,T!JY:4-~'YW:~rt:Ait$1'si.~i;liE.t 
~VVFENVTPl!QATII;Pll-TG'fYPLIW:RLLt;A.SHAl'ilVSDSGNLIVSGKYX~WllPPAAl\'.LFDHPJ>VJ>zyAES 
ll&YSJ\lm~OBV'YKIJLl\liROYJ;1yQ~fl~~)".X1.!>\!!'.Jlo~O~liW.f<Dl'.l!J'V:~~I~g;;&F~lglsLQLP. 

~X~~~tI~~~~g~~li~~~~~0v .. 'ii1b~§W&~\~~%\'i.1ilrf:~~ 
LBLOli'VLAlUlRLLLPllDPUS(JU.NsQAllkA,ow'rA:. . . . . . . . ·.· ' k\VYEYI;AGBOHL:"YSHrSAW~1QPM 
LQLBYTAl'O!U!lfQMJID}'QWQQW;>Y~'Q9Q~PS\:!P~liV\i¢N¢N;fi'lt_aPP:A,!,~)\\~A.'I 
:LK:J)OQPI;(;MH'J.'VLKGHAL~cLPSl!'\!Jl!'l)PSFl.iS,QJl!S~!lhPSRKALflLYGI;B:K§~Grn?<LJ11iCRRf 
SpQl51!plFLPVED'1'.SFQWYDSLKSlLA'!1SS:SQPV'\\'tT~N!;l!'TsG¥VoL:V:1'1E;L.RKEJi'OG~_IRi:llliLSNL 
SS'fSFIM!'~PG;~SELQJtYU~$QLY!>jtlv'l'lUX!Aw<\iAF~~lifj\Q>EllQT~A,~L1JtOcy.,•;snhvv 
'SSPtKHMQPPSSSG.AQLCTVYYAS{;NFR:DlMLATGKLSPDAIPOKWASR[)(i;MJ:;GME.pSGRJ;!KQGRR:VMOL 
.VPAJl(l(.A'l'.$VLLSllDFLWDVPSs~'J:LljJ?'f>,!l.S'\".!'.Y,Y'f,.'l'J:"i1':1'S£.:Y'\\R(lRIQQ!'.:/i'JTV.£.:Jl.Ili(il~gGV:Q.Qj\A1S 
'V<LSLO.CRVl'TI'\'GSAE.KRAYLli!ARl'PQllo!ll'l!PAN: • · · · :\l'Wli!TOGKOV:DLYI;l\!$LAE~~Q.AS: 
VR'etA:Ql!GRl'i.ilIO~PoLS • . . GM:'Af!iL : . . ANDSW~VA!iL4~\>,QtROOVV.kJ>,L. 
•KC'.fVFPR'.AQVEJ:iAFRYM:A: 1!';¥1>-VQVJ!.BBE . : p'Jli-)¥~~1!1.!\''l'f!.d!!~NBYiJ;l'G(}LCl~ 
:OLELARWLVLRGAQRL~t.'I' . - - . P'(QA~ljWRR:Qm . '· ·y.S,'l's!!l\'SSJ;BG~ . ·Il\EAT~t:OlWO 
'OYPNLi\MVLRDAMLEl'!QTPBL. . . Nl!l~l\'YN(j'fl.Nr:.DRATR!lf<CPBlDl'PV,Pi.PSS . .1'11\!AlJQsNYol' 

:ffi,8$~r,~i~tliii~,;:;~m1lri~~;ltb~~li~&~~ ... · QI~,,t~ 
lREVRQLt'LRKLQEM$Sli::l\(ISD.1'iltA:APKSKNDTStiCQARi;:NI;SJi;lY)'fpf!GP.TLTRL!'.iSYQ*SBR~lt{it 



'v ... l'IBOSITV!!ffS!<AA!KLSVi>TYOtQCTQAAl'LDS:lPN[<AA~Ji>Cl~QYQPEQPHil.¥AOYS:!'P!\C'{AFB 
.MtsQl,QJIQ.@PAPAllW!LeLi'l)OBHJ'~L"-'rWS:l!lf!!g;'l'!'(,'lj\;.E!Al!il\WAfl'.:Fl'l19'!!'Vl?,~.SIWt!lA 
LLP,LKSLEPR.YW;AyptjTRS!JQsLI?!i;@!,$FA/\'.\'.~1'¥XK'1<!\':AAAQY[lipJCA!tYHONVILLRAK'tOJJ1'YOB 
D!;G)\J)~.Y'CDGKVSV!IJ!EG,l)Bl\~SSLMll'R.VSVREI) 

SBQ ID 4 bydroxysttitoid (l7i.belli1ilehyd~~~ 
MNEPSSBSAWLCL,TATA'YWOMLt;CKA:WsS.GQLil.SQVVCLAQ.!<WOGACLLSLSLLCSLJ,'LLSvscFPLli.Y 
VSSSl)QDLLPVDQl{A(\1i'.,¥'tG@$opci)t#~DJME'fi<f.kcrvI$keei'di@c'i\kNcs&'!if:SVLQMDV 
;r~i!Q.I1'0'Yf!li)iV~IQQP~Gt:W"'Wfi'i!<1JvL!iFpiii'di¢¢?.!@YRK'¢t.IAv$ffl11;v1,1~jir;,~K 
S~'l,N¥sm0Ai.!JPPQMYA"1YAsTtli¥i!SMl'SA\llR_QBLAK.W!!:vK.vV'tllµlool'Q'\'NYosQDS~K'M 
'l!!(Bll.DllFSKJ!i(;lill'.lYOQBYNJ!TQ~~SNPDITIWLRDIQHAIG~~~O~WXG· 
FAAYSPISILDYILKNYFTP~RTAS · 

SBQ IDS EStrogendolfa¢emse, ISOf<ltm.l 
M1ITSMPBYYEvFGDflloRLMPI¢1"1'.KY~})V!l'!:11M!l~Pl?LL;')"!~\l];pl'~o,s,\l'W!tiElvD.¥1yKjlt:!!lv!l!W 
KE .. pA. IFNR·l· p .. Y;Ll;l·.··q·R····N .. Jl.pI;·l·N· .. ··P~K'Q.LK!i!ffi•:. ·.~.PR·.···~K'IHJj.·.·· ·.•.··.• ;~ .... 'l<Jm.· .• : •. : ..•. :.~ .•.• WI·.··· ;B. K .. · .. l{<;;K. u .. '\'..L. S~N .... AJ.t ... ·.· ... D. · .. Y .. 'Y·N··.··S .. yy. >' YFJ;LIMKSYPNPKSFSBF\Te.KFMEOQYJ'YOSWYDHVKSWWBK.9""' SR.vLFM.l'YEDM=DlRRl!VVltlJJ!!' 
LERDI'SAilLvtlR.iiQHTsFQBMKNNPCfNYSMr;Pl!TMIDl:iKYSPEMRXGIVGD:WP!lil'PBM.lll!RPllEH'i 
~MKDCPVKF!!,AEL · . 

SEQ.ID 6 $inillar todJN~.seljueneeBQm:m 
MSSLQBLCSOLPLRl'LPllN.R.j3li;l't"..;G'llPHAi>:VhP0LsPBBBQ}.[\'L~AIJ!:¥J1p)?pVQ~µL!'FAQili#Q 
FOHIYMYRFCPSll>MRA'.ltl'lllQ)'.PcR.~&~tltl.L!l~<\V:AQJ'l'QllLYTVGQtll,lQV!'sNWAl;NWV 
Q!JASSHLQSP.l'CALS!QFWLTMSYJ;;S~'l'BEQTLVMYSGBPLOLnPSsSHAll!WVl'!'NOM'VlPli!YSSRTB 

~'%fo'~~~l~~f:;{g~~~t~~~:~l)J.'.{<O~Y : . . , .. · . •. ~trii~ 
1'TOBLLV.Dl'..QSDQTSC!l"(P,~\3~X'\'J<Y:QLS.!l~il'~9.~PM~~l\IP.$1,i'.!'K.. . . . .·At;iE,IQll'l' 
WDYONAF,L.LBAQR;A!JAPYlllg(O.wkfliFJl,~YVQi!IM'GDIFSQ:G!W! . . . ..... , . . J:)LJV!'.J)~TS 
:VJ,llKAJAD,(l!.JDTsl:;WVVLttSI!gGECoAL(JOL(:QII,Q)3SICilaRL!lHK(l'l'SSTFRSHSL~~K'AS:VJ!4'1Y 
MDNIRWl~AJIKHQLVV:(JSQAIULYSDQK.OI{\T4'J.!'Y•+J!ft'i A1'¥YJ)SRp~J)~Q'.fl,)S)il'RET 

i=~~~~~d=G~~~-~~~fSl . . . ii~~i~l!A1!QK'Ai{M~~~~~ 
~:i~~~~~=~Jr~~!~~~:={!~~~~:~~ .. . -~~ 
PORRRLLl£RSl!BDOGPOPRQEEAPBP$l'll PPBDOGJ;ISPVVLLJl!Vl!R:Aii;Dl' • . · A.SPTEQYP 
..\A!\l'PA:AtAGcfVT!l!NQPti,'V~t~L~MP.J.l!~'tiiiCibitPA~P~LEP~~L~\~,ilR:ol?vAA'sA,ci$1lA 
YR.CPllP(,!C/\L§Fl\:lt1'ff.QLK'\111LI'illIIOSLQORRP.!!K<lPJ;;D(l~W/iFl)\$~1,QO~'f.!l;~ni?~!'!'SC?Vgq 
CGJ{KfITV'.ltNLitK!iMK<llJEQl!SLl!J{QBVC~~lil\.Iq;~SljQlt. ... Pl,t ~CB~,11)}'.~AL 
FSHNRAHFRl!QEL:!'~¢SFPQ@:!J{Q1\'R~°C%~!lJ!isWQBR¥J;!~ (l; ·· !i!SKLLRHKlllqlDD 
'DR.RFTCPVB(lCO,KSl'TR'AEll,l.ltG1JSITHLQT){jl~VBQCCi.IU'. i' . . L . . ~U:.QDV:-OTPltSRCP 
VSSCN)(Ll"'f:S!{Hs¥k:~i,1VRQHS'i\Rqiii:,vPQLilj\'PSSJ..TPSSBL§SP.i,l,qs!iL.Tl'{JQI,A,\.LFSJ';)Tfl\'.NS*S 
.STAOSDB'ALNSQlL'l'!J)VTSvSSSt.OONhi>TN!'iNlll;;<lJ'MDl'V/'.LY~HS,l?l\IP~J::J,'lS~LVL.(lTE,,Jp;vt;9Po 
SFS;\;DDSQ!\.MSTOl\'.voci:.y4L,~WlN.l!sQl),s!'oll:li'.f~ll~N£'!,'l):l;;Glf1'~$D')'.'TQl>T,AS.W!DJJt:VP{li'.Vl!QD 
~PVPDVVQOQl\'ES!IQP{WLSS$AJ!RL(lAQ~SEJ:sAOTGSL'\'l,<'\' 

SBQ ID 7 8100 calCiumblnding'J)rotebLM{@lgt'anidiiflt) 
MAAK'fOS.QLBRSIST~yS~~JmQLl'NFLJQiB~IMlµ:/LDTN 
QDNQLSFEECf\11\!LMGlrul'A~RQHllW!llGKGQ'O,K 

SBQ ID 8 actln,.gllmlna, cyloplasmit 
MEEEIAALvIDN(fSOMCKA(lFA(JDDl\PRAYFPSIVG~RHQoVMVO!ilOQKQSY,Y()DBA.Qs.!QlGILTl'.:KYP 
IB.HOIVT!fWP)).~tli«WH,HTf\'..NEL,RYAJ>EBHP~LT,jj~i,N[il{A!{l\B~TQi~@.I r.fifyAM'.Yy"\'fg;. VL 
.!>L.YAS(lR.TTGlV!l4DS01JOVT;H'!'Vl'W):;(lY,l.J,.~!fAl1Jll.Dlil\.O)\P!(TDYLMKILTEROYSl'TT'rAEREIVR 
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f)JKBKLCYVALol;'BQBMA.TAASSSSLiiKSYBLPDQQViTIGNBIIBRCPSALFQliSPLOMBSC(lIHB'l'Tl'N 
SIMKCDV'DIRKDLY ANTV!iSGGT'f.M'JFCiU<DRMQ:KBli'ALAPSTMKiKiMi>i>l!.R&YSV'WIGbsii.A!~LS' 
TPQ<;!MW!sK®¥D~oP'sMlllKi::F . . . . . . . .. . . .. . . . ... . . .. . . . . . .... · · 

SEQJp•9 aJde!lyi)e:diihyd~tisil'f8111J.b'.;1, l!.l!lllll>er M, 

·:JMs~~:1~~~~~%~~~gf¥f~WA~W1tilllJi~$~~*g~~l~~iw~~· 
HGQTifSD.GDIFrPT~~PlGVt;:QQ~WW!lli.\'LJ;MiiIWXl1J'j>ALS.CGi:h\'Yy!{;tA!lQTl';L'.l').t.;Ji1.f.Mt>IK 

' 8A61.1l'P,GYvNIVP1l'j'.(lPTA'(lAAisSHt4PYl,>K'V'Afl'.C1(1'!'.QYGKLl~G~~~!\'Y'.!.'!;~$.0KS.~l\A 

~~te£~~1ttf~i=iii~o::~~::qf%f~W:fy~1tt~i~~~~~~~gm.~I' 
.A?IN'.l'I'YGLMOVFJ:K[)m>lW:rVSSALQAQ'\'VWVN'C'l'MILSAQ(ll'FGGF~SqNqJUiL(j!lHOLYli'l':l'BLK TVAMKlSQKNs . . . 

SEQ ro 10 Rho Gl>l'di$9odiltii»I lnhillltorc~GD:tf alp~ 
MAEQllPTABQi.AQiA~!!iilEBJ1!?H.SV!q'~l;'AQKSIQBiQ)llif)K,p!))lS'Lltie'Ylq>AL£.G~VA:Y~;(bmv11Nv 
lY'fRLT,LVCS'.i'AJ"GPLBLOLT,G[)J;l!sl.'KKQS!iVLKBOYJl~IKl~'-""~l!!YsPMJl?YIQ!!TYRKGVKm 
KTP\'Mv.!JSY(lPRAEBYBFLTP~GSYNIKS!!l'l'DDDKl'DHl:SWBWNC'l'lK!KEWKI)· 

SEQ Dill Cu'b~Jlic l!Dhyd-1 (,Pt~i!:!eP) 
MASADWGYDSKNGPDQWSKL~GNNQSPIDlKTSEAKHDSSV~SVSYNPATAIQ'!IVN:vGHSFHVV 
FDDSSNQSVLKGGPLADSYRLTQFHlliiWGNS!l;DHQSElrrVDOAKY:S.GBI.llL'i(H\\!NSAKY:SS#)lA$~ 
GLAUQVLMKVGP~~.Q.!o/:L!)ALSSV:KTJ(;GJ{RAPF'!'NI;DP~~.LLPSSI;DYWTYFOSLTHl'PLHESVTW 
VICKESISLSPEl.)LAQLRO(LSSA!lO!Wa'ltPVLSNHRPl'QPLKGRTVRASp· •. 

SEQ ID 12 carbonic 8Dbyd~2 
MSFl!!WGYSKSNOPJll>{W!IKE;'J'lANGDRQSPVD!J)TGtAQHtiPMPLt;i:CY;tiKVASJ{SlYNNGffSFNYEF 
DD,SQP,l'.A.VJ;;KEoP).SQS¥RUQFJil1HW9s~i:),9QQsEl!'.l'W'li{B;l(Y~m;~t<!¥<.il?l'P!CA'\'Q~®4 
·AvLGIFDKl.GPASQOLQJ{lTEAL11SIKTKGKR.AAFilNEDP(!SLIJ>GNLD!i'WT•YPU'SLTTPP.LLaCVTWlV 
LlaiPIT\.'.SSBQ?;iS~~~XQ'Pi'..~· 

SEQ JI) :i3 cytocllr:Ome P4sO~l~ . . 
MDPVVV,LLLSLFPLJ;FliSLW:IU;SS.GJi.()KL\>P.Gl'itPLi>JiGNf,l'QYDMK!llRQSLTNFSK'iYOPVY.TLYV.d 
s.QP'i'vvi.li'.dY!lAL:i¢8At\;*lig):!filisoiH3&r,pil'iiltvnac;i~i!'!JjiryVl!"...;~ni.llNiliM(;idT. 
IBDKVQEBAE>WJ;Yl(~~~9s¥9J'1Ql,l!¥\.1P.~N,¥!cell.LQN~11D}'llR~~l'L~Ji.@ . . .·. USS 
PG ... J~VfllllPl'·.·.··'·.IThD. •. • .... y.:c•P .•. (jIDI . .J!..I'V!E.,..·;&N.· ~t_ ... ··~.f1'.·~·j¥L,L.: .. !l$1. ·.• · .. . .. . . ,SN. )i' .. R. DfW .. · .. ·.: ... YtJlJ·§···j!,·. ·.\¥¥ NY'liLBJ>bAJMVTPU'i'il:Gi"""'<>S'l'M"" ·. . •l!&'KYl'HY.T: HYIGR!1M~SlllQ . 'l'lfA 
MVHBVQRYIDIOP:il.GLtllDVTmKF.RNYFWKGTAVtTS LHDSKl;fl'NPl!MFDi(<ifl 001' 
KSD~Or®.lctoBS~'ITJLQ~VllP .. . ·. <::SSl'.S$1/iiiltiQt>!l®>L . 

SEQ ID 14 thyi,'old ~1'~tlien. 
MSBWESYYKrEQBEmiE!tilQSl.>otNa!!\'~'f;$ORtiSL)i;(;VJ:)-AS~MFBSQGtPl\tTPI!bl\ISIQC1QSVYT 
S.KJISSORDLLAVVE'YGl'llKbkNsV)\IFKSIYVCQbtI>Nl'O~RYL'J:lLDRFKOQf,l(i){J!;HPR!J:fiOHGSD¥S. 
liSEVL!'V(1AN!i!PSDYQF.jtM~~!\lt;P,1,'~$;~1'H(lNDSA!ASlMRTKASPi;;!U)'.1'Gl~li~~RGQ~ 
VSLF\'RJ)jlS1A;J3DBP,LGVl!FBEllSJ{LEtiLL\1'~JJl.AKll,1;IH!:~Y~.!l~KllKLGfili:ltll:t'lil'Y'GVYJ{l'.Vq~·!(; 
RFJ>VRLYllET))II\!!YtITIITJl.'.l'l'l\11VNTGSJ;LLPsD'.l'KRS.L'J1Fi'JTR\'.!WLEK);E;!');,13fi'({l\EilEPGI,lL~OE){P 
MVMLKNHHYLRPSLF/..Yl?l!BSl:v)\{iJssmE,SAtVl'KCVBKB'Ylll,vcilY'(ARKNvs.f¥11vl\bvPgEBBCDD• 
QNIQVTMGFQ!"VFJ,PY;\DDKRKVPii'itk~PJi!llD:rq.!~Ql{mti;t'/~sifENP'\!LQQimaN!iEA. 
'i.A~~SBQV. :VJ>)i··.:r .. ·~iw' .. · ~~!\Li;'\$~.· , >;J\j>~}'YPJ;GrNP!IDkIAKR·Kiib~G'.SAS.IQ(P.KVBLS:l!li 
B)l(DLFAK:Gn.G!a.TVP .· ICKAYCILKSO~B~. ·· 
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SEQ•.m. 16.· •.;"''.•....... • .. 8n'1t.·. ··'.t e.""' ·•.11.·.·.·c; fT .... ~ll· ...... po YP. ...... !)'., . 

MCl,ll'TBQQ'f,\)'!!')Ol<\i~Qt~G~i'SQ¢~~~i.i:l!il!i'n;N'AlM.KVLGNPKSO~Vl\'{fi1)fB!W 
I.PMLQTV'AllNKDQGTYEDYVBGLR'VFt>KilONOTVMl'l'A1llRHY!.NlUillOOllTEBBVBMLVAOSEPS!!laC!N 
~~a . . .......... . 

8EQ1D 11 :prosa~ 
~A~l>A~Ll.Vi'ALTSPVQDllKIOSQtlS'i\;VV.CR):j\'~A\l})Cl!CAV~QQ~§K,P,T~~~Ii;KT'v,.Y 
TEAQNLLKD!:'" J\TEEEII,.HYL1lKl'~AW!HJ>SS]'.;~f'S()~Y::\<PS;l'.;L)''V ..... g13,l>!S,1'lr'?ll¥es,ALNL()QS 
LQ1!Yl.Al!QNQRQLl!S!;'.\(.!J'E'VP!!l'i_ ~S.l'!A'LLt"¥1'QPl#l .. '· ~DYCQPl'.1MKL'XITPlQJ.'A. 

VRW~~FV(!gJ>tl'>!IJI¢pCD,RI,.'fil!y ,fillj:'lt>lll{s~YAYQM. ' ·. I(;VM'i.\0\1ql:\ll~¥fM.R,J.' 
L'vf1AT,,A!K!'l!Ll:'A"lii'.lrliPYEQD. . .. n~Ii\t:Q'VC.Ql.NM' · · ·· . . ~T!\1!WiHl'9~S:~1iI,.P!\ 
;pASTKCQB\t!N~Pst;tbVUll!fB'VN'.p;l!FbCGVISllj;$?J~~li'<.QJ;_ : .AA!\'.!V,S/1-'li~~J;!~l'!{QPEil 
PKQSALRAHVPPQKNOOFCBVCKICLVlYtER~lffi~TKJ!l!ILA.AllllKG ·SFD!'Dl'.Y:QKQ()OE'FV<All)'.EP 
Ll..Lli!LVE'lMPl'~~v¢1:>SAV~t~¢¥\V~~E'i'~l!Ni\'!/tl!JcK!liJVWi{ 

·sEQID:lS· slnllfarto l\fy0shi.'~'Ulto?YUgli(~!i:~ll\·2"~~·1)1Jl$~~isgf~(ll'(r• RLc.A')'. 
(predicted): . . · . . · . . . . . . . . . . .. · .· . · 
MKPAQSSiRPCi<LlfPPNWAf;GKDRWVSDi!KKGQA!iDth:ALAvs'u<lti.t'Q.ESGfrl\,GLOSGAK.>\:Sflv;RFA:!\t: 
LSs'1$q\PtRROSPPtS:rt;WNAGROBLql>mtt'lin;pfiROaMESQl'I,{.1t;ii~i;~nJ11;!sJ'JY{~(1>~#'~~MiA~F 
RFASOQR.KWPl'LPPW~Y~l\,AK),l\~DA~W.l'~IU;$R.Y,~\'.;'A~'.lfA!;l"{j\'.~ll'llSSl'GGrillR~yR,Rlll' 
RLGSAPG9,DEJ:f>1¥.~Sl,Cl,t1'K,~T'fK~!:!!t:.A'.!'S~W\A~f!J).Q.~Q.(9,§l1~!W.N'M!J?QJl'Rl')i,llllD'Ja!DI.l!DM 
LASMGKNl'TJ)E!Y!;<DAMMNEAP.OPINFf,~):.:j.'MFQli~!'!'.WDPEPVlRNAf>AilPPl!BAIOT(QllDYl'Rll!<k 
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:nMc;Dl\Fromvoa).'J\l!Af'JD~lWOAKDKi:1D 

'SEQ ID i9 solute ciuTter ranlliy 4, m-embe1d 
.MODMQ!)HBKVLBll>D!lDSEllllL1l'1VI1!.Ql*).'BDLDil'VT~~ES.l!~Lj>'l;\EQ'J'.ATDyifT~fs'1'$i!j>SSsQ 
VYV£Lr,21!Lt.!MDQRNQl!l,Q~O!>Jllll-IPl.liQl!VW~l'HLSXL:I'FW$I.U3LQ10'.F.~KG;r!)t.µl!",Al\T 
SLA(lVA?lKLLDSFIYE.DQ!l?;!'Qo~l?.l}J.J!"W%Ll\L\{~.aAapLJl:J:!l;ol!P~irt.:vLT1!;5.9,'JE.Sl!PLL!'flQ!'s!iB. 
T)CtYcAQ;!;l!OGSEEPSl?SOl!,,KJPPNS!iT'!'LV!NGRA$FL'.ltK'.PVLOF'l.RLKl\~Y,P!<!1Pl./11,'l;.~1!,YSFI/Li( 
LL(lPBAl1HID¥TQL0ltAA'ATLl\jTl!R>V-FRVTASLAQllUmt;LSSIJj)SFJ.;!')CSf.;VL1''P'F!'.!AP$Bki\:t;LNL~P 
VQKBLLR!{!tYLPRPAKPDl'NLYBALWGpKEOPGI!Bn!ll'LRRTO~GoitRUlRRR\Yl"YYLSDiTDALS 
1'QVLAf>YlFIYl"'Ai\!',S;1'i\v:f.I!QGL!iOl!W'lWLMQ:Y§§i.,_tj~T~YQ' . ' ~J;;~O,i.¥llPL!iYL'.G!'.Sol!l;LYl'a 
EA.FYSF(ll!S~l:ILJ".~:W~R\\WloF·~!!l\l.:\fyL\';yAJ',IJGs.f\l>V. ..)l'Qtll!!"§rul§lill'!;!!l;T,l'~!\!'1.~ 
.IFQDYl'LQllS¥APyy•l\l:KPKl>QO~,;,,,;.LtsL'"\>"[;MYGT.FtL.. . . . ,qfs'J'.YFlll3Ki,)ctlt\VlQOP0'\1ll!S 
JLI}/!VLVD"TFlKJ\ITY'rtlKl;SYl?DGLKVSNSsAROW(/IJlpLoL ' HlfP&~PKSyL1'.ALLV:$LIELBsQ 
ITTLIVSKJ1ERKM1KGSOFHLQLLLVyGMGGVfi.At.F!lMJ'WLSA .·· .. ; lfANALTYMG~l\.SOl'O~AQl 
QEVKEQRIS:t\rii;v~:YtiVi:its1fa41)PlL~l{I!\t.A:Y'tFGI~~·Y~Q VllG.~QLPQRJi::LL;Ji'Kl'i?~Y:II\'QYP 
-FVKRvK'l'wRMHLPTOlQiidtiAVI:iYIVVKSTi!ASLALPR\.lttl.'.i' .. liRJi,ULPt.lPRBtBi.;Q:ct;oiJDfiAKV 
TFl>BABGWllYDEYPM!l\' . .. . . . . . . 

SEQ m.zo. trii~ i'<.Preill,cte!ll 
MANROI'S:YGLSRBVQQklEKQlibPDLBQ!LiQWITTQCRKGVSQl'QP"GRBNFQN'mKbo'rVtrntINSLY . 
. PBGQWV:[{[{IQA'S1'.IVIAFKQMEQl~QFLQ;'iAEk)'GJNT11).WQT~WE~At.v,'Ql!oJ'LMNLGOLAVAltll 
OOL).'SoQP!1WJ'li\{KSKENPRNPSC!?fQLQEQ~@.QMGUIROASQAGMroYGMPRQJi; . 

wn·m··· 2i -o ·o· " 0 '"'3· .............. .,.,,,,, . . " .P .DIY~"' ,, . .,,..."""'."" . . . . . . . . . . .. . . 

~t~k:t~~*~~\~~tfl=t~~~Wl&~~;ir~~~;i~v:;::~:~t. 
ER'1'EBRABLABSKC$BLBBBLKNY'f,NNLKSLBAQABKYS"QKBDKY,BEEflt1u'!lb~LKB),B'l'o!tABFi\ER'W 
.AKLBJCTIDDLBERLYSQI$NRLLS~lgoTLHGLCD . . . . 
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GGLIQl'.ARAi.AVNFRDj>PRWSVLA:OaSRTYSQSEKKLITSMlUlltAP,(lQliBCBTAIAl\LN$CLRDLPQASL 
.AAVSQQl/\J.>lt)loi~Q~tHj'QML'!'J>VQB!Sljt.Il:iii,AsAARA~A~!~l;~M;v~QMAQY~Lf\:;AAVOAAS 

!~~11i~~it~f&W~~i~~i$'~~~~~~~WIJ~~~}~~~~~~* 
~~~$~k!~~WN1tj;~~!~~t~iSJWf~t~~~"cf~~WNJi~~r:;~~i~ 
Kv.i.VQNM9SQ1iKJ,.,.liAAQSSY~Tp:;~Dvy!Cf:;(j,.;).'S£<¥A!>i>P)l'i'QyYl'.,l,\>IAiV~YAi{1\LGDLISA~ 
AAGKV(lDJ)'l'A'V'W.QL~Sl\lf.Y;l'!Y~Y'\'Sl,liKTVI.C\vlll>BA'!'KOTl.(~'.Fl'llijlg~AYF(;sl'lll'P41.CTs 
'!'g!lj)ljI!lNT)'Gi'.!'MATAKA v~G)ll§~QBP;"'{~~~t;$jUIAIAD¥1Jl(l\CK~AJ1m'~~!>Yil?~A!:i1!'39 

·~¥1~.'fu.yl~.x~Ll!. v~t1L.~f} ... f;. ... '.~1fn.· ~i~BEQ~~Jj!.~~T .. ~t='.·.w. /A0.·<A.~~t~~~~.'.•Je 
ANALDDOQWSQ~l$l\~YA#i\'rNNl.CBAANAKVQciHAllQB~is~QY~T~Qti.vAC:K'YKAnQDs 
J!AW\'.l\LQAAGfilAV.lffi~DNLVlCMQKA;MPBDQJll'.l!ITVVVKBK!\!VGGIAQn'.MQ!lllMLR~ 
IU.AQ!RQQQYJll'1U'SfltRl)BJr . 

SEQID.23 .. Slfull •toglhetl I riiidou4Ertd16se(prell·~1 
Msi.A11vg;rPVQa~RaLMSs1AAF~J.~qaF.A1<ciGc!tia!i~~cnER~Ms$AvN:C1lill?TTRaLµ>ail. 
.GG'.;QRLl'J\.CLGV/\LAKELlFTORIU.JitovQAHEL(JLY~VAQ!fllllGQil:AYHRALACAQBILPQAPIA VRL 
oK.VAll)i{(JMi!VDrASOMAllillldCY~NIE'l'Qbiti.BGMMi>R\ij{ru;pk!'vdK 

· S.EQllf24 ainQioodijlate anilnotransferiise 
,MNYSRFLTATSLA!l.ICTsPJ!tATVtUMSRAPKDlJSL;\:PQS;t>N!>KVFP~r<iSAVF#llNGS'r!RFEGBi<(J;:QR 
ALQYSSS:'!'GII'Btl.SWL~LQiK!.'HNPPTVNYSPiiliioQMi}tcr'fsocQDOt.CKVFBMLINi>Gtii::VtYNEP 
LYSGAtFAMKPt;GCNPISVPsfiD(lGUPEGLKK\'LsQWKPBDlili'.bii¢-l@.T,PI(FlYTIPNONNl'TGNSL1:0 
DRKKEIYELAEKYDP];)riBDJ':i11Y\'PLQFTX\\~Bp'l'PL!iMDVE!GR\!l~SLSKVIS$.Q!iRVGm:'QPK:SL 

~t~t§~~~~IiiTh~~~~~~~e~~~:ff~I~~M;~~~~r;.~~ti~tim~ 
IKI>VS 

SEQ ID 25 aeyl~A.s~tase.l()nll..clJala•(lU'iiJlf'Jlierill)ei"-l . 
MEVHBLl'EY!'RMPI}i;JPiRQYNRtl,i'TI{rJi!il(JF(IAFA#~YJ,TRPJCALfil'.l'f;p!),S,l>j:Q§:VEY'I'OTTEO 
VJµl~;AyL13p~LLt¥¥YtlDVR~XP!l_liQR(llQ:\1$!llP(lP~~Kl'l!QPl'llWIS:\1\',Qy~!\P\lj<;j:(J~~l<!Q 
K(ll;'Kl'C:~EQWPlJ."SQ.EWVT!BQvcm~!ll:VV¥~-!<'XPll:LG~!i>A:fO'I'(~~~A1)KPl3!\\,;;~1,. 
LBGVENKLTpCLK:lf¥l!ilJ?.s:Yl>l!;Q~',$l.tOQKCGV1lllOLjt~LEPI;G!l.V~R,Tl{P~PBPEDL;\:I'iC!lT$GT 
TG)!PKGAMVTHQNIMNl)cSGF~t;,~A_FIASPEDVUSllJ;J'LAJIMFB'l'YJBc¥¥!'. !OPFQGD.IB 
LU,~!)J?L!f;VL.Q!'TJFl>:VVPRIJi.NR!ill'.J)1{!F,GQAl'fl'S\ij{R,WJ;;µDljA.$!'Rl<B!>JM'JI.$, ... ;•c .. ~~~"'~K 
JQSSLOO!('IRLMJT(lAAPV:SA'f'llLTllLl;IMLGGQ1'YEGYGQ'l'l!C'I'AGCCI;S!.P.GP, .. · .... ·. . . . . AllMPP!!YI 
KLVDViloMN'YQAAi<daoavcvKQAN\iFXonr<DliA:°RitdiAtokoow11erooidKWLPNGTilffiiiitk'.r<m 
FKLA. Qj)!lYIAPEKIBN~LiSli'AVA,Q. ·. YFV.Ji(l .. !l. Sl:.QAf' .. ' Lt .. >\l\ivp:frt_. E,,a:,""*'~SW.,,.,AQlc)lQFQGS.FE.ELPl!-NKD 
INKAILEDMVKCGKNAGLKPFl!QVKG!AV!WELl!srDlliOµ;n'll;KAKRP~ • .-."""mEL YS'l:lKI 

SEQ ID 26 aldehyde jle~rogenase !family, meillba'Ll , 
MKlAVIOQ8LF()QBV¥CQLRK!lGlJl,lVV0VF'.l'lPDKD0KAQ}!LGl:.EAE!<:DOR~VP1'f'P!l.•IVRAR0.QALP:EVV 
AKYQA!-gfi!ll:.lilvL.PFPS<:lPIP!.ii!YINA.P.Rji(l~TIYJ!~~LIJJR~f!{G:A81\lN~TL.!!!OPt!<:!J,Oi':l'J!'VlA!)DG 
L. DTGP;~L!'Sl!<:I!9EVHD. P'.fVST.·LYN····RP.J>FP. _EQlK·~ ... !M<.VR ... .!1Jl!;ll·cr·; Tti!'.11."Cl!·Q·· ~~.a ... ·".·Tri; .. er ..• IQK~'.Fl'K. IN\'\TlX!PAl!AlllNW.iR:<JNDKYPOk.W.TEACGQKLlllmS-TtiNTSO · IPGAHRPGV:l''l'ICAGL!t.i' 
GNllliill\iU..\)KlliIQVEnQ~P-!'<~\'il'FK'OS,4Ss!)iii'il;f)'i~,i:Ai'Al{. .: ..• IU_i;pft\)~(j~t,i)~FK~ 
GAASVD.VVRLVEEVIql~COGLELI!Njl!)VYMAT'iFIU!l'IQLLVRKL~ .. .. VINYVB~Y·~LTLQM 
P'fQLPIG(lJl,l'V!)AllGsicr~tJ?~$\'ICQVsMQYSJ?Vpl(AVAAli: .• . . . !'iNot;W(li9Rl'~i-9~tir 
)lLADVMEQf!QBELA1'!EALDRGil;YYTLALicrHV(lli!SIQTi;rl;YFA:GW.CPKIQGAm'INQARPl!R!\ILTL'.)\K 
KllPvovootYXPwNY:11L!:f1&Lswmut:r.AAiimv.-rRP,4Qvri>t.7Ai.k11.Aat.ncKAo!i'i<avv1'lit1@10 · 
SLVOQl!-LSDRPDvRKIGFToS;(JlVGl(!fil.1KSCALS.l'IYKKYSL!l~G(JK~PLIIFj\l)CQL~KAY,Qf.10M-$$VF. 
FNKGBNCIMGRLF~SlHN'QFVQKYYBl>Vll~Mt.aONPLllRDTNfiGPQNHB:AHLl<KLVEYC:Qll:GVKEGA 
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Ttycooe.~Yl'RPGl'FFQPTYl'TDY!lDHMYI!Hl:B!\S.\lGR!WiS~Al.(91),y[)AV!,&R~.· ATEJ!Gl,AS(l,vFT 
RDINKAL,·vS!>KLQAO~VAA"PFOGl'KQSGFG~, 

SEQ W 'ti 41'gli10sutcilla~ syn~ 
MSSKOSVVL:AYSGGtD1'SclL VWf;KliQOYDYIAyLANIOQIG3Dli:EBAl{I<;KAL~A~¥J:t!BQVSgBFVJ:l 
~AVQSSM-YEDRYL.LO'l'SLWRPCIARKQV)iI,,:Q1tBGA\K*Y~~g~p~~o~pQ:VJU1ELti;¢s~1tg* 
VIAPWRMPEF;yNR!'KO~DLMEYAKQHGIPIP1,tW!'KSP'VSMD.~HISYBAGl~PJa!QAPPGLY'fKT 
QPJ>AKAl'NTPDVLBlllP!QtOYPYKYfNYK!l\"l'J"ll{S'f!JtbLJl~~v4oKll6veiUof\TENllf!G/il~RO· 
lYBUAGTILYH.AHloriiEAF!'MD!IBVIi~Qo:toliKP~L'Y.W:.rGl'\VHSP!iCBFVRHCIDKS.QJ>R.'.VS:oKVQ 
VsVFtOQ~PLSLYNEEI;YSMl'l\IQO~:A~~KVTAK . 

SEQ. ·. m· .23·· ·• ·~ 1"'"'"y1·1y·''"~.a· ; .. .., ............. · · ·~ ...... ·· . .. . . . "'"""" ll. """' .... ,_,,...._ 
~RLGALRLRGLAl;IlSSQG!U'SS:({O~;~GQllSPPSF~BW~RAllTYlfGGQCVOV!Jt,l.¥~:.t•,;KAGMRDVV 
LLliKSELTAGSTWHAAGLp.'Y~i!ltkkiili'bsii);t,YERLE.EET0(2VVOl'!JQP()smi::A!fi'Pjlkvtilif' 
KYQMTRTNW~:ATEQYliEPER;njE!ffiPLLNMDrcmAGLJii'iji.~D(lHIDi>YSLT~Al:ATGAk;KY-OALLKVPA 
PVTSLKPkllDG'.rWDVllTPQGSV.RA}/IUYN~GFW:Al!.EV(lKMIOLDHPI;IPV~ffQY~S'J'IJ!EVJ(A:!.KRE 

v;,w~~~::. ~'~E.~Wii:~.~~:~~~ ..• ~.··~.· .. ·~.~f ... it .. 1.fli.F~.·.~W. m·····.gJ~.s.l~\~.·~ .•. ·. ~VP.}. 
DPNRYoKWTITQYTB>\.KA:RJ!~YOPllNl.VGYPJOlllRRAGRJ'TQR'\!SO!iY~~MOFl!A~ ... ..,Ql'H~ 
K!'GQJ;)TQY~SPRR'q'l)VP,B~:V~lly!{QyMQJ&YOYlDJ;.Sl!l;()KJ!NlK()Qps!J:Qµ<[)aLC;ANV!l'~Q~l 
s!JMli!i!'RO!\VY A,BLTVSJiQsP(J!lPLT;ljQs().~~11pptWlJ!J;AAYRO~Y!lLR!'l!'l'I)!?L'(lvJ:;t!Y;t-JJ,l'y'A.. 
RRVLQKLTSBJ)j;Sl)Dv;>.KF1:;QTKS'l,KISDIPV!J';\JRISY'l'oBOOW!l!;.YHB:RBDSAALY:EIUMNAGQEEGI 
·DNFGTYALNAL~A,W!JSilMNCDW!'LEAGLDYFilttNKP~KQALKQ!IQ\KG1'~LVCLTL 
ATDNVDPEGNi>svwtt<:dR;v;()NTTSGs1sYSlQKSUI>A¥\fP\'lU.S)lVGQQv)iVf;i;LGF;NxPA1'llQE.~L 
vL'IB1'11lTIU.QKDGRKS 

SEQ ID 29 .illby~pyrlmiilma:,,,e 
.MAl'QBRLLIROGR~iIDDFSQVADVL\IED(lVV~GRDLLPR()DTSROUULDAAGK!.;VLPoom+BT,llM 

QP. !'FM .... QS .. QSY.D.O.J'HQG ... '1'.KAA ... '.• •.•· 1;Aoqfl'ij!,i,D~{~G. )sl.!JiN'Jl'l'W .•.. : ... :. :iww:.• •.· •.·· .... ·~p.@ . .iJC. 'tjy~Lii\fA.·~. o ... · 
KVKllJlr.tK,TLAQDKGVli~YKDLYMV~MY~QfJKE!.~~]!lGDUA!lOAK~G 
·1TOPEGHllliCRPE:AYBAEATLR/\ITIASAVNCPLYiVHVMSKSAA\l{VIAJ)AKkllOKYYYOB1'.U.AGLGTD 
GTQyWllKEWJµJAA'!liivMoP,P:L\lfp!'~i'.G~L~q[ll;~,l.!()S!)Nc;!TFm:ci:)1'Af1()~PJ");KzPN(JV!I 
GVBDR¥SV1WJ;!COVl!SGJQi!l)SNRFitAV.'l'S'l'JiiAAK!FNLYPJCKGR1AV()SDADMVIWDl'EATRTlSAKTim 
QAVNFNiPEGMvciiowPLVTl$R.ORVVYEA:G'VFtiVTAGlio~PFA!lfflKRVl\~Wol .... 
APYKG!MfuKi'R)lrKE!)i>TA.qrll.MQGHs . . . ·· . . . 

SEQ Il)30 plt05ll~rilsellnucleot1ae,pyrophQSli!l11~e2 
MARQGCLGSFQ'v:ISi,FI;l'A(sVNIC[;9Fl';ASiil~RAEW;j:f!igI!PT".LSi:i,SP~fsG~{::KGROPEL'9l!¥GP 
PDCRCDNL'CKSY8SWHDpfjl!LC£KTVRGWJ'!C. •• .G!lYR:NllBNACHCRSD,Qf,SRGP.~NYQVVCJ!iGB 
smvvPpAAR\'l.QS:S&li;Q,VCPj>~Lllf,SVf/G!'J!AS, . y¥\'l\@~B'.SaH'1'fiV.PYJi\c~v.¥!'!J{,'ttl!'N 
J:;YT!;.ATG1'Yl'!ls!!(l!YGNSMYDPVFDASI\llLR(71!. . ... ()QQP):i\¥£1l&'l'.KQlfl'\!A;dTPFWS'.VSJPJm 
RRii.TILQ\VJ,;$l,[tl~~l'SvYAFY.S!!QPP'i'S(1HKY . . . . .. . ''®'!,;!l!lJ.~@.LJdp(;li.KQJ:;al,iil~~\:N 
:V!FV(lDHGM6DYJ;@.R'.I:~N'i'LT~OD!TLYl'l'l~ . . .. AKSl}/}/S;xRll!';'lllkAN!':Z:CK!g'~Qll!'IO.' 
YMKQH[,E~ANNRRIEPlJiLL:YPJ,lllWJIVARKPUlV'(KKP.sGKCFFQtlti~Olfl!NIW~~Q'i'V!WGYGP 
TFI<::YRTJ{,V!'pF.llNJ.lll-1(1'1VMCDLLGt:I<:~/.\:l'~G1fi!'l.S:LNl!!<!<R'.\'l'i'l'J'WJ'Ml'DBVSaPNYJ!f;;JM;n,Q,SEF 
Dl;()C'fll,11>~KY1¥''9:!.KtBBLNKRLH\!'.KiJ$Tl!AETG!<J;il.t1~lQ313~1'\GSYE1'RIO:!~f-ORPA;\iI...CY.ll,T 
SY:DlliY·HTDFE.SGYS)l!FLMPLW'fS:l'Tl.SKQAilvssiPi!l!LTl'.ICVRllDV:RVSPGFSQNCLAYKNDKQMSY 
Ol'Ll'eP'l(LSSSP5AK)'.DAl'LVTN?.l\/p,M~~R%'A~cVLY!(X'!!;A~)l\{f'1@~i!Yl~OfJFl)Y!l\1)(JLRD. 
TE!)E!KQYYEGSSIPJl'.PTl!''(YSirfSCt;D.F,!'QPADKcJ5GPLSVSSF.IL;P.l)IU'jjNJ51!S'Gl\tSSEl,JE's'K'l/VEE 
LMKMHTARVRDlEllLtGLD!'YRicr~RSY$M'l1;K~ 

SEQII)Jl faUyadd.amid~llydl'Olase 
MVLSEVW'.fTLSGVSGVCLACSLLsA/\VvliRWToRQKARGM1'RAAQKQRl\$PEn;!DKAYQRF1\i;QNPDLP' 
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SEALLTLPLLQLVQ1P4SGBtSPBAVl'P:fYL!JIG\Wl!V!{!{~¢~YlltDCBTQLSQP,,PRQfl:I;k\'AV!1V'S 
.l;Kl!CFSYKGHJ:>i;TLQ!,s!)!'@(ll\ifPs~D,PV.VV.QVJ;KtQ!JAYPlW~NVP.\'IS~LSl'DPSN!lLFQQThlJ.lf:\'l'KS 
Sl{SP(J.GsSO(l,BGXLlt)S·oos)>!!IJJ;(J.T:l)WCi~ll!l'PS8F,j;:plc:(J.1'.IQ>·TON,~L~~§QL~.9.c;vv9QT,>\VQLS.L 
OPMARJ)VJlSLAUlJ:KilLtc&liLFl')'.;.J)m!!~L~~l\l!JOY!.lSSRPLIWOYY.E!:J)~~J!A'li(!lRAl;µlTK 
(lRLEl;~Q!icTLlfRtPNNIPYALEV/J!;A'!fi'QLl'.$11(llJMFLQ~fl{G_DpvOpqt;(l)'.JLILlLRJ:iPS:\VFKRl;4L 
tLKPLFJ1RJ,;.c4i't)'ISM(tPl{SAEl{L\\OO:;QHBJ'.EMJ.'~Q$V[AQ\yl{J\M!lLOVLL'(l'Mr;Qp/\'LOtW'PQllNJ,'QA 
ISYTVLYNCLDFPAOVYPV'IJ'VTAl!DDAQMELYKGYEGDIWDllL~JCAli!lmSVOLPV AVQCVALPW'QBBL 
~VEQU>ITPQKQPS . 

SEQII) 32 guimld~re metliyltranSl'eme 
MSSSAAsPLFAPOED¢$?AWRMPMYDTsD.ti>r;QiLGKi'\iillliR:WiiTPYMHSLAAAAASROORv'teVO'F<i 
. Mf<l!<>,.SR:VQQApiKB!fWI~(l~Q~Ql\TWi\tKQP${Vv:i>f;goliYl!ll\~fi~i>l.T(lHl'DGIJ,YDTYPLS 
E!")1'{H'!'!iQl'.!'f!',lUH~LLl<P<:llJ~l/t<YC~1'$JVOB!<MKSKYTDITAMFEljTQ'ii:PAP!:lMG!lQRllNIGTE 
VMALVFP~YT~~VTKH 

SEQ.JD:g3 L.gul(ln~ina,!#C,to1n• <11'\dase 

~~~~~~~~~ili~~VJi~~~~~~~~r=g~~e 
vALTLMri.ooa¥Li\cS:Jl$!i:1!Af.:?'fFQ>.Ait:vatal;)[,01[LT:vtP;ilii~¥1'QJ1liLf.iJ?rs~srLJl'BVLri.NLtfsliL 
KRsJ1YFR{'LWF1'HTBNVSUYQPH'.J"NKAPSS ... SN:wFWD.YAIGFYi;tBPA£W'.J"S1'YLPCLVG.W;INRPl'FWM 
LF~cKKBs~l\ILS.HKIBtrBCRFKQi'fVQDWA).PR!lK'!;IO>'Afi lii;KAMtEAHPKYV;cA:Ji'\'i'VJ1YltFfll.iJpplli 
LSPCFQRDSC)'.~'r\t.P¥010)VPRLDYWLAYET!M~0.0RPffiV.AKAI!NCTRKDFBEM;YP'!'I'HKl'CJ)~ 
REKLDl'rOMFLNS~ . 

SEQJD34. ~liy~b~teddtfdi;ogc;n~ 
MAASL-Ol'ROl\K~µtYWSORRIU'i/;GSLAAVCS~WfPVtlF!Ql:;,o~!:iNPl'.iAKNI,lkilo~Fr;lli¥o.vit 
FDXC!IBFKB'1"6!lQY,ASSP@V~~DR,lTN!L~SJ!1'(Ns·J,EYJSQ;,:N.(l;i'.L\{Iql[!qcq11tr;10s.s'fl.D.i'Sl{S$ 
llLkl{EYfl'™'GA'VllMDAPV~!)GVe~Gl$~g<lV!lNBFiW\;>;$l.l,\!)~O$N\1!?fp(lAV9SJilQSJ;g!C 

~N.~!:~l~~atAEAMNL .. · :.o~~<lt. l:it'Rl.L .. ·A·$· lliN.'· .• ~s.~.9. lt=.c. "' .. "' '.~·~sP+.W,D,,.,.v~P. o.•.:VMDi:iWss'.NN'.\!.gi!!ei.'\'i'.fTL 
·~QDSA'I'STKTI'Il:.tGSV;~IYRMMCSKOYSKi(D£°"'·'·'·"'·~'' 

SEQiID.35 · l<eto~olijMse 

MEEKQit,c,::y9\<VY!>DllN\IVJ?gyl'BeP;!J)i\Rl;t$Q~'.\Y9~'!9~A~~s'\;TV'.J,sJ..t.\lARC,(!'MO~J;A!!o~Yi\I! 
.FLY.\DFRRROVDVSQY:AWQSQOqj!'l!cSCC1VNNSN(fllR'l'IlLYD'!:l'f!,l'J)ys~~Di;)r!U'~)VIl!ll!O 
RN,ASEQ;'lKMLQR~Q'.1.'NATQl'L(l(l~IPlSVJl;J.EKPRBlmffllL}!oYGJW¥1lYSK)J:iVl'llq!L,GJ'R~f!..'QJ;,\;JiKO 
i:;YS,l\:VJl:K9::.'•}l'LlCb'W.:A.ll!iGAD.U.OFl:ioQt.t!f.s1>mj>eRVVnTLOAO};).'J'FNASYil's~.K;Q~SN!Qfi,(tRF 
OCQVAOtoolGr;QOFDQIV . 

SEQ.ID36 ~~(Ll~~Jjy~} . . 
!,{BPS.[!LEJ,pyp)\'lltiUAA}l~q:u•:tt>ERVALR,t.\?l}~mJ!'.@!(l).c!ry)l!~~Dt.iilitlC,~L:~!!{ilDtll:IAIY 
'FLGNSLGLQPKMY,KT\'tBll~D.KY(AKIOAYOH~VG!QlI'Wl!OPllSIVTl:MKDWGAHEKE!ALMNALTVN 
LHLLLLSFFKP'.I'l'l(RR!CILJ;.)fAk~t'~:SD)iYAlESQ!QLHQLDYJll(S;Mitt,;fJ'lq~gEqEETLRMl!DlLl>V,IliK 
Eol)Sl;\VVLF,SGL)il'YTOQLPN:iP..:r:tQAGHAKGCPVQFllLA!¥A\i,G~L!W"1D:Wl)Jl'.PFAC:W~YKYt.Ns 
OAOOtMl.AJ.lil'Q>;culAH:TIKPAiv:O:WJiliiili!tis11R!l!'IM'i>NKLQLll'OVNGi'>RISNPPil,LYCS'LlJAl>1<EIJ'Q· 
QA!MTli1'lU<J{~J:Lfj't(ivL.!lxLLKIJYHGONll.'f!!~!tli)\V'\r~llt'f PsR>.ili!aGOQ)'.;!fi;Ti:s.isi(td\YFkELEI{. 
l{GVVCPKREPEOIROVAPVP!.YNSPl!Ii:VYKl'!RtLTA!WS:rEiU\i . . 

SEQ]IJ.3'1.~:cari>o~e 

MLltfQr:\IROOL1!.J,i;_GVR.ltSST);l'VMPfil'.cRRJ;llXc~t!"~Y¥,V~?igG)IJ\.l~Yi1RAPtELOIRT)'.i\;y'i;S)!l!;i 
DTGQMHRQ1'iAI1EAYLIOROLApVQAYYLUIPDllKVAKENO'l,ni'\'il:ffilo¥GFtSERADl'A@.G(!I>.AGVl!il'lO 

~~i~;~~~:t::t:t:~~,%~~il:~:=~~~~g~~S:~~t~~~~V8~8=:i 
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TffLDPtlLRSkLTSDS,VKLA.KQYOY.!ll':IAO;l'VE!'I.VD!{llOKll)t'Eil!yN$JjliQY~fl,l'v'.l'llBITDyDJ;vg:tlQlll 
VS.BORS.LP····· D.LGL.l;l.Ql!.N,ll!IN~PAIQCR·v:r· ;f,B ... ~1'. :i'lll.S .. F · .... QpD .... 'J.'.o\l.lJ>vFl!SG. ):!ot.f. p.·.I!{LD .. ?f .. :+s4!'Q. ·a. A ... ·vrse 
llYDSLLYKy1Allo$:DllPTAA'fKMSRAI,%!l~}!oV;~IPPL~LNNQQFLAGIYJti'.!l!'l!:>!!N1'!!LFQL 
1U'AQ1'1i!AQil'Ji..J:.llYL(l!WI4Y;lloP'l"l'JllPVKNS1'SP.Vpj,>l~f'¥YPIG1'PPA!JPRiil[;,!i,REgPJ!,oFAJ!AY\l.ffH 
QOLllt.fl)TTl'Rii~R.Ql!l,.Ll'i'.Ji.RvR'\'ll:Dt,!(;j(IA,Y;V~!\f.Lli.sJl!N:\Y<ioA'.fl!DVAMl!F,i';')'\;l:PWJ!1¢Qil!'­
Rl>L'lPNIPl(QMtl.R.GkNA'VG\'TNYPDNVVFKFGl:VAta!Ii!OMOV11RllibS~PNM!l;GM!!AA0Sll:oo\iY 

ii~~i~~~=!~~i~~~lW P'.l'lf~~~grL~~~~,~ . Pli~=~ 
ARGl:.;Y~ATMKSONSPV~O . . •. . SMG~os,XFKBvKi6t ·hfitncvj'PS .SKIVGbLAQFMVQNQ(.,SJi,'A~i\:.!l~Q~EbsliPR . ~Q'el'.f,QIP!I(JeI1!'1lPP,!fSKy•L .· •·· ~~bictl!!i4~ 
S!-PPI.N,l:,KJ!).):!KJ'il:,ID!llioJillv;t'~li!lv~AAM~IiYllAQ~K,DfrA:i:FoJ!~QS!;-Ji!'.P~L!i'.LllOP~~E.!'BY 
!lLB}!C)KTLgllQ\LAVSDLNRAOQRQV~qQLRS1LVKD;f,<:lt>MKllMHFff_P~~VKOQt(lAPMPGKY 
'IDYKVAAGA~l'LGVLSAMKM8IVV'fSPMB~K,yavn:mmEGOQL!LEIB . 

SEQDl:;lj p~rovate dehyd~l!S¢i<inaseZ~iin)tp4$ (PD:Kz) 
M\l.WFRALJ/KN,As!-AoAFKYIPIIF$~si'si'.'~~!i!~9!ltPF<:JssiiiAcilk1'SF:i'F't~os1;1>vllJ;fimt-t!(EJNL 

~~Jb~~g~~;~i~~:~~~~Yf~VBi~~~~~~~~~~1&1Vd 
LCl)KYYMA~PDJ;BJ:QEVJl!,l,'TNATQP!ilMV¥'Yi!S!lLY!!MtFilLPKN;&.1>1MTYESHBl;SLTLRF!KIMVAL'.G 
ElillL§f!CMSP~l'.lciGVRLRKIERLFSYM'.ri!T;i,;.tiij;pQPQTGGTPLAOFGYGLPisiit'Y'liit:YFQODLQliFSMB 
dro'rDAmt.KA'tsTDSvmP'IYNI&A.'WIOOiQT!QliA:i>ow~~rs · · · · · · - ··· · · 

SEQ . .Ii>/39 solute c8J:rierfamtl;y;1iJ,,(dlem~.1 
t;{il\r,llNVSAPFNfSLP.fGFGHil'A1'DX'AI:silLVLMLiLlMEJlrioCtli!EFSK!Kil:HLWKP)!.GVlVALVAQl'd• 
IMPLAAFLLOKIFHLSNlEA'.CAILICO.csi>eol'ILSNLPTLAMKGDMNLSIVMTTCSSiiSA't<:ij.iMPiibLYV 
·ySK(lI'lI!ODLKPK~Yi~§'.!M~shvlV~9PPIY'fKSlc;'li::!iR;rV'.1'}il!'~C'!O.M.1(~i:j~'\':~vtAJ:.s:Y)J':\':V• 
·ofiS\"'!FV.1'1T)1HI;;l:.A'TSSLMP~OP!-1'!,\:l:n'!~/\LPQ!;;NPSCRllT.ISMETGFQNJ;Qu;~~l"NV'!)fWJ'J>V.ro 
PLFF~J,LYJ,1JFQLAEOLiiffi!FllcYlllCIKPPKDQ'].'KITYKAAATEJ)ATPAJi:LEK-OTJINOl'llfl'IiQPOP 
·SPNGl.NSOQWiN 

SEQ.JI> 40 s0Ju1;e ~i'l.'1~ fljJiiilf31°(l!!yce~l'6\j>l!~lla~tralisPJll"fer}; meillber4 
;MAA .... 9~t<J:Y .• n .. '1'.Y!FT···· .. · .'.Mfli. : .··.··:·Go···. Ys.·L'.'.Y·Y. ·.··PN ..... R .. K.··ir· p.·s··.:Fm... '.s;r,y·u··· W;. : .. ·.·1; .. ·.p.·_'J(,.PJ?L·O·LI··· T.··S·s·· .. o .... SS.AA·.·A·A··yy··· ........ l$ .. K··.·F¥ .•. ~ .. G ... ·'/;.· ... i:. Sl).Q¥JlARWLl'SSOLLilYO.t~swsST'(l'A!'AALWFLNO!;;A®LGWlll'CQKm~SQFOT\VWA'V 
•1'~.'l;~MNI;'Al'.lS!-01"µ,;ATlf.'4~S,Y.l>ml.~'!'li,At;:S.PSL;cyy,y5liPGi:I;1;J~N)>~N,'P.'t-Q.t;;~Pl.~~xmo:S· 
sX:E!,!s'l'LQl:>LLLSPW.W'YtsT.OY·LVVEClVA<!',<;:CTDW(fQ.l111gQERGQSAINGSSns~EV.<jCl~V~IAA 
.cJyts:ORAMAKASltl!YXll~RHSJJ.LL}.ll\!,\Q:(>!~~MF~Y1"J',5D~f~vui1\Y!'9Fss'i'Q~fi\I:.Fp 
iik'iW~~LColJ:sl1"!..1'1'.<.lLM;,\NVGO)'LAGLPFSTfAKHYSWsT.WWVA1WI<;!ASTVVFllLI;RNIRTK 

SEQ ID4l s1niilar1o:.Stittotransi'erase'K2<rSUtTi~l 
.MJ:.CSBLEXOAW<:JALAABt::ClA$!l~VS:\'D:QGl\'QSAt£GLESI!AA:W,•\1i;S)'iP:@JRl>AAGASVFLASPI'SWOA 
. ~CIARVP~~L<i'A'Iu.Acitodr, vA'@!,G!'Ql1QRLL~\iji'IVPaoottLRC14iLf\.!iLGI;J)L9Ri:.Ul'l'OjtLL V:ott.FL 
.sP<;LP!.WS'(J;C)~L~1'U:iDLSGVGGl\LG.PSl.LY.(\l!!~~O.fyR.¥1?LLYPVI,G.Ll\Ll1qV'I'L1<AQ~AS:H.lloYP· 
LLRG'liliBKS$.I>ffl1FKLYLLl'.l;\l'llNKt!W'ATNQXi.>)ffii.RTefdVY~l!RQl'Jc:WfAR:lQGl<il.WTliPaQQ!;OS's.1ilt 
C.VPL$SSSPitYL\'Y@f'AJQ:IPMY&¥~sgV'i:fNiili;~.1!1'~!1~:.<:s®&mliVK:a'WWBt 
'Rf)RYQitF).F\'..f>DMICRDPKRfll:i'.!JC'.\'~QIJMGP!lJPEBVVl:!K!Nt.l!Ts~lCD}lp!}rNJ!S'!'lPKTIM~l 
sPi'MRKON(JO'.\YKl'.lllFfVAQNBRl'Dil.tYJiQ~~ . 

SEQ lD 42 al'llchidonate S:,Upol!fge1;nise acil'.vatiitg protefu 
MDQEAV0Nv)'LLAIVTLl$YVQj.jAJiFM!KV:!!LESKAQSGlfg~l!TOTLAf'E\l.VYTcAN,Q~CVPAYP'EF.LY'( 
L WTfl.<!1:\!Jl<;:SQV)' .AAF'A,OLMY!,FV.RQKY!'VG\'.l:Gl!R'l:J}STl'il¥1FGKRIIL!1LF!iM$LAQILNHYLIFP.FO .. 
SOFENYIRT)TI'l1S~l;LLIP 
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SEQ ID 43 adenine phosphorll)i!syl tl'.81\Sf~e-(pr~~) 
MSE$61,QJ.i'IAl!:i!:IRSPPPFPIPOVt.FRPIS)'!iLKPPDSFRASlRLLAGHL;KSTHGGK!l:JYIA(JL_DSROFL 
FGPSLAQBLGVGG'CLIRKRGKLPGl'TVMSYstEY,OKABLi!tQKDALBP'ciQKVViVPDLLATGGTM¢AAC 
ELLSQLAAEVVl!CVSL VELTSLKGRBKLOP\ll'l'llSLLQYB - - -

:SEQ.ID 44 bralo.abwdanl, menibranealll!¢1!~giw l!rtiJeln 1, 
MOSKLSKKKKGYNVf'!Pl!k/>KDKJ;!KIOOl()AGTBEBcitQKBsm\Q'AAADATBYKESliEEKPKDAAbGBAKAB 
llKf!APKAAAK!l!l>\.P~!(i>llk$1lciMB'iJQ!'~~~llQBAAtilici!'~90.EA!'l91:(iBASA!l$W~i>GAPQB 
·EGEAKKTEAPAAO!'BAK$PAAl'AASDSKl>Sll!PAl'SSKE'l'PAllSlll'd'SSMAAPA.PAAl'~VA 
:ssllQSVA'l'JOi - - - -

SEQID4S bionzii!l~pin-pl!>r 
M~SV{V.RAVGl,TL VP.SL90FM<fA1c'JlY\GBGLR\VYASLQIG'S\VH\'Pll.Y\'i'!-t<Jil}\'<;l:l'LYSAMGYG_S'\'IIV/KB 
LGcjl"l'llllAM~LGLyt~ALNWAYll'Pil'FGARQM()WALVPLl\ILVSGVATA'i:TLAWHRVSPP.MRJ;.L YPY 
-J4WLAPA~(iOSRL:rE -

-- -

SEQ ID 46 airbonylrJlfl~e 
MSSDRPVAi.VT.GANKOIOFAi'tRDLC.R.KPLGPVVLTA!t)!1BS}\GHBAV,KQ!.QT&J:LS1'Rl'itQt;t>il:>Ni'QSi 
RA:LRPFLLQl!YGOLNV.EyNNAGl;Ap!{VV)?P"J;PFHIQAEYTMKTNl'FGTQDV,C_Kll!J;'PJµ{!'QGRV\';NVSS 
SVSLRALKs~.l,'!\LQQ;I'Rsl!Tl'rl!BlWVGt.lo{l'IKl'IBDAKK(J-yHA_KllqW}!~§;tiYQY'.l'filG;VT'lESRIYAR 
KLNllBRRl!PKIDUIAC€1'GWVRTD1.'4AGI>KA1KSl?lll;G~~QQRVQD!aMil>W 

SEQID47" ·CD47: lliltigen(Rb•relatecI.antigeil,liit\!gniWlsSociatedcsfgnanran!filucer)'. 
MW!'!JAAALLLG$CCCOs,';QLtLS!{VKSV!!FTSq!'!D1'YvlPC~1'f\!BAQSTDaMFVKWJWNKSYIFIY:l)G 
l'!l{N:~T1'~QN[fSAio:svs1>LtlJ{!l;ASLTM!l°'.tli:s:"'vvq1-1IT-<:B•S1l!!GJ{~tKNl\l'Y$WEsT_NEK 
lLIYIFPILAILLFWGKFO!I:iTli.K·'iiK$~HTNJffillt:LliVA'<;LA_L'.!'LIVYVGAILl!IPG)otc-PVKN)\)!GLG.L 
I\ll_STGILILLQ'!;'l'tVFMTA!iOf,!JrSi!T;~A.iL!TQV:tdi'yLi(V:\(oM'.ci;cwAcl!P.'yi:io:Ptt!sotoli.\L-AE 
LLGLVYMJCl'V:ASNQRTIQPPRNI! 

SEQ ID48 emblgin 
MRSR,TG_LIMLVAPOCSLLLLYLLAATRPPRAV(l!lPAl:ISAl'/SL~Yl\J!!!'iMr.f>;KY AlijULl!T"\'.NISLTBQ'):R 
Y:WQNlTLJl!'IPSl!LELECTFTJ\TBDV;1<1s~~~iqil)_iµ,LETI+JQ)lN_l)TICMGl>'!'L~sQ~sK:QM9 
R'¥SC'.:l'L(iflll!;lWTl'NlR"'.J'K:Y(o\IH~N:l':l'P!'!'YVQ.JW'}'!<K<illCQ.1'1~0'1WTW'(MsNQ'.l'.~QyP,ll)V~yJ?!PK' 
FPINOSYAN.ll'!'KLKV:KffU.EBl)GGSYWCR\6.-.kl'RtOESEEHIIC!;'.\W,LSPMVPLKP,F!,All.>.-llVtLLVAllL 
LCSVYrQKK:KNDPDOO~Pl\Q1l!Qci<sDP$1'1G~l\:YRKTPSGDQ 

SEQ ID 49 ~elold differe11tl;ul!>n primacy ~nse gene 11~ 
MAl'SPRPQHVLHWK!!AHSEY·l;tSPLMGF'LSRA'WStu:lloJ'S\IS!3AWtAllTVAOANQIBAl)Af.LTPI'PVSEN 
Hl:PLRl!TiigNGfyBWSKAJ\Q~llCtDYl!AQS$PPK'I.'WGµJD.Jl>!l!'!l'!,oJ9'GQpoL~BYEHJ'A;!:IL1"f,LQPL 
HLQGADKKVG!!VVAR(l!lGVSELAYP;I"SttWBQ!!;l,Mjl)EE~~AHQ;\SM~IA?GX!<P~SVX:<:!'<Jl!A 
l!!ll\ATBSKGTONKAEPSOSl!SR-Y\Ylll'.H'l'Rl!RtiKQilGBTKPB~l:JAAGQsHPCQNABABBGGPl;'l'SVOl(J-SA 
Pl.KA WvYRPGBQTBlllll;l~pt.P?MEl1Tiffi1.iPi iPilir_SAFt~\NV&ap!JBPTJ>lil;f}oaJ)wos~i'iOTA~ 
CTTP!IT8~KA~RpGB!>TJ:l1l~l>'sBN'\';APVl)SE'fVDS (;I,l'"(JiK'.1'.ig;JGQ1lA6?P,PE~V;\;FYL 
PGQK:pAPPWAAl'KL!!t;RLQKRLR"SPKAPAR:NQ!)PBIP!iKGR_ _ :\ITVl!Ft.AY:'\V:AGI'AQAAlll!.GP~ 
QFAllDR"SRFAl!;RIA:QA"ll)lQLllPYLTP:AFl\~'l\:w'tiU.R®i!"" -.·ss-S~LPLPllPPSSTl\ATPLs_QD'VTTPS 
i>Ll'SM!'SLDI-:GGRRG - - ' ' - - - - -- - -

S'EQ WSO N,myc il~W11$1mfim reguiated-:gene;~ 
Mt;EJ-Ql!YQITBBKPLLP0-Q1;pB;A/iKcT_H_llV!l'l'PY(JSVWYX~.llil'~l;';\ltcr'YllDVQLN;:t:~~CFQPLFQ 
pQl)!.1QllHQNFVIWHV:l)AP<:ill!liE!'!A1'Vfl'LGYQ-¥PsQ!ill:!f.ADMil'cl?(lYLNPSTIIGV(J-V(!~(!AYlt.SR, 
YALNllPPTV!!GLV~II'IIDPNAXOV'IMbWAAfiKL'r.Cii::rssn>al>ULGl!L}'~~jll!Li;QNSlili!QK:YRSLITHA' 
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• pNJ:,llJl!iB!, YWNSXNNRJ\PLi~!lWf.lllril:!'J,,KCPVN!t.VV(jPQAPi!EDA\'Y~S.lq,;P~SPl..KMAPSOOQ 
. PQI/l'QPOKLTBAFKYPVQG?ifPii'MASSCMTRLS);lSRTASLTSAAll.lDtisitsitsll,TL:S-QS:SBSOTLl'SGpPO i!TMEVSC . . 

SEQ ID'Sl expre$Sed fu non,metasiatlc w!S 1,,pmteln (NM23A)'(nucleoslde dlphosphlite killase) 
'MANSBRTFIAIKPpOVQR9I;:YGBIIKRl.5BQK,G.l'Ri.N-0LKNQASBDL~Kli!iYIDLKJ)!H'"PJ;'SOLV,KYM.HS·. 
Ol'YVA¥VWBQLN-VVK'roRVMLOBTNP~$KPGTJl!.GDFCIQVGRNliJlGStisVBSAEK6isl;WFQPBB!N 
:DY~QNWri'B ' 

~ID$2.'neµr~·t 
.!\IS~J!iORJ.IKGIC!:iKKi([));lGsRg~(l.P~fmP~MfpPllLl\18.¥KSQBSAA(}.~IC!iVL!l,Cll'!'Ssl!,YS$1;.l;l!'.l{W 
F~ON!lLNRKNKPBNlltIQKKPG!($1lLIU\'JKASLADSGE~CKVIS!CliONJ)SASA;-1'1t11VES~'l.'0MP 
AsT:]i:tAYVSsBSPIRISVS:tilciANT$.SS's't~TSHLIK¢A"Eia;KTFGVNCciI!cF'Tv:imtsN'PSit~te 
kciiNEi'TOPRCQ~}.{ASFYiqd>!l!>YQl{!tVL-Tti;ot¢!AtLyy(j1},(cvyA.xc1'tKKQRQ~DRLRQ$LR 
SBRSNLVNIA1'1'GP.Hl;IP)'fPP~-!i~l".-Y:!\tQ;vs~1sS!>lf!YBRliV1lf!ltis~Sil·ttS:T;AHHS't'i'yr(!i'PsH 
SWSNOHTBSVISESNSVIMMSSVENSRHSSPAO.GpRGRµ!GLGQPRDNl!FLRHARBTPDSYRDSFHSBRY 
vsAMTrPA~sPVDFH'zys~lfKSPPsBMsl>i>vssidxvsi.irJ!vAv~PrnsBR}'J,1.LvTP:i>a:taaK,iw..oaa 
PQQUJ:iSFHHN!i;/iUQ~$t1J:i!s!rt\livEDBBYI?ft9i'!:YBsyQllP\il(<Ji:-Y;'fNsRl!A~'rKPNPHIANRLJ;lMDS 
NTSSVSSNSBSBTEDBRV(iBf)TPFLO!QNP.LAAsi:.)!VAPAPRLABSRTNi>AGRFSTQBBI\QAllliSSVIAN 
QP.PlAV . . . 

SE<llD·53 oiiillzOO.Jj)w!lenmtylipoprotelit·(liietln4ilfe).~r•1 
MAFDDKMKPVNGQPDQKSCQKKPKGLHLLSSTWWCPAAV'J'.l..Xlli'CLVLSVTLlVQQTQl.LQYSD!.LKQYQ 
A:Nq'QQDJi:tLljQ~SA~!<KAliNASQlis~Ql.JlTh~,lgilfllQ'EICJ,,LQQNQi'ltQl>fiL;QR;\1t'l'i/\S 
E. a. s ... KW .. ·.E.Lj{BQ.JD·I·!;N:W: .... ··.Im .. l'N:G.ISK .. B. Q·K·B·L!'Q. QN.®LQEA. t·;.'<il 'JPiBl .. K ... YSB·. llj\QR. l?~Q.l,QTl. .. $'.\J/K .. Ll>!Bl\'.~.({!l 
QEELLQQNQNLQEALQ:Ri\"~SS.GPQP.i;!p\}'lWBKBNCYJ..ffiGPI'N\V£KSR6N'di$LD)\QLLQ:l$TTDDLNF 
VLQATSHST,SP.EWMOLilRKNPNHPy/'L\WBNOSPLSl".Q~TRQVsLQMY$5GT0AYI(lGGVVFAENeILTA 
F$IcQ~LTQ . ·. . . . . .. . . . .. ' ' .. . . .. 

&EQll>•54 p~telri.tyri>Slne~,9 
I>fSHQT\llQASEDVKEil'ARA11N0iITRLtK!:IIJim>Qi;YVG~Cs,Pf'SDSWBQDYDPFVLPLLBD!i:QPCYVL 
FRLDSQNAQGYBW:lFIAWSPDHSHVRQK!>ILY:AAtRA'i.'Ci<Key,G)'.IGHIKDEMFOTVKEi>VSf.HdYRKYt.r.s 
QSSPAPtfilMBBBLRQJ!OSB~.JlviiVJ>T.Kf!'Q:P>.QGVAPf!S~kl'.g~aig.sK!tQI,<!'i'YYQLB!J)Il{.Nll 
TlILANTENTELKDLP{{RIPKiiSAR1tJIFPJ,YKHsHEGD.yL1lstY.FJYSiilllGYT·CSll:\ERl>ll..¥SSC~PLt 
DIYJiRQLQMPVIll)GBIDNGDBUTAD1'1;"Yllii.yaf.KQaA~Q$Fli:~9l'-4'0t<R'9ffiiiilii~l>BAllA'.f'l'P 

SEQ ID SS syndecan l>ln!ling Pl'9~ 
;Mg;YI_>SR!l])LKV[!KVIQAQTASS'A!'if;\$~1'11LtfV,.VQs~liPll(l.GNI.;YP-!(t;YPats:Q'Y!ilvL$\.SBAJllCfl 
14M!'VV~~~QvQI>VARPSSV:Jii¥MV-APV'r~NP:i\Ql!i:RMi!i'.~JRliYfi..<;IGD"Q(ioJqciLRli,KSytiN@i,!\V 
QLVQ~ASLYGLRP,OJ).Q.Vl;QWGJ!!fQAGWS8D~HKYr,l1!iQ.~B~'.fM'.l1l1i])RP,!'ERT,.V~HKD~S(lf!; 
'VOPI!l1\:SGKI'11SIY!(PSSAA.RRO'LtTDHHICBINGQNVlGCKD'AQ1ADIL!!cTA<l't:VVT.IT-UitPAPIFEHl 
IKRMAPS!MKSLMDHTIPliv .. 

SEQ·m·s6 St!rlne·prolel>S!!.irihlblio~;.K!!zaftype•l 
MKVA!lFLL~AGNPPABVNSKTPB'CllKQlMGCPAA'DPvOOTNGl'.hi'S~~ . 
. IHIQAAOTC . . . . ' . • 

SE(lm:s7 .tyti>Slne·:31!l'YPtoPl!in!i5·-'lito.U:ooi.:'ygeilase\i<.ti\'.llli<ln~tdit;"fitil.P!llYP<a>tid.e 
MGDREQI,LQRARtAj!QABR)'.PPMA$~VtBI.1'1llPLS~DR?iLLSyAYKNYVOAl:\Rl;S\VKVlSSIEQKT. 
MADG!-li!KKL.Em'J<:AYl\llKillKELEJ:t~Yf,f;Ll . .pKPl>t~CNpFQYEs~i/;CKi,tKQtiY}'f:\¥¥1'1\YMG 
BKKNSVVB:ASll4jl'.Yl{ll1')'EIS!a!HM;Ql!TliP;W;0LAUIF.$Vl'J<WlltQl!!APaQA'CLLA1CQi\;1'PP;\lAE;i<PT 
i:.NBPSYKD~Q~i>!L'tLWTSD.Qgl:>llllAOEON ·· ' . ' . 
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SEQ ID58'· SlP!I calcium blnt:ling'pr<itein Alo 
. M~~TMMLTFl;ll!l!AGElENYL'rKEOLRVLMBRE~QKD~VDKIMICD):.tlQCRJ)GKVGFQ 

SFLSl.NAOL!IACNDYPVViJW<:QlPC . . 

SEQ•IDS9 B-c:elllraDSio&ti\>~g~2 
i;fSHOKR'fl)f4Ll\BIA,f.A'{GFL'.j'StµtT11-0CVSBQRP~V\i$aAt,QDJ),c/l'Pii'Y:KffijVt;EgBKPS){QSOYRi:$:t 
NHKMI!P'llSKVASQ~!;iLsQP'QlHQLLPSl!LTLW.YDPYBVSYIUGBD:cJ.SICVLYEllA1>vATSYGLL.TCKNQ 
MM!.GRSSPSKNYVMTv$ .. .. ,. . 

sEQm 6() ··~'·)lh~h~osineS'·ph!!$1,lhos!df.iitesynl!)liil¢2~1~ 
Mlc'STI!IVWJil~r;i;l;f!r;gQGJ{sli.rt,ll.~~ma:QPBRAAG$~'.Q.l!QiitN'll~Rf,fi1iVSR~A:!lKR,1l\7K 
CVRMTl>PRfi;!ISSLTTRLl!LTVKYPV'GS~KGlllUlWPFIOO\VYAl!KSVRRTLPCSQB!iy.l\~E®JlCG 
lllPVPVKF$QW\'VFQ0:(1(::9VllJ.HPAQ',(~QgKq~)I!aQW~(li>Ql;!~!:!iYYY.Qto.lll4:Y~ltN,!Ql,gilyvo 
TRGOFlfO'tli.SCIAOKTTISEALBl!)r.l,YSH~ll'CY'SLpOP!(\tRHGENKNUJF'SAoDl!ill);NiRRIAEV•AKLllA 
•DAGLVCITS!ilSPFAKQPLISS1dYVK-ltV~SVPl!ASAPVDi::$>I);~REN'AiHciHB$,A'(l1!l\:fl1l!il"\'i>API. 
NICl$51,11;1¥1(9LYK!tAJlA6Bl){QF'.l'.(JiXis~y[!KJ'llTpBc;yi,l{Tli!LS.SY§PC.YQQYYl>P;Qri!RslYP~l1'. 
GIHBl;FVPBNK!DQmABLBTLPSLPITKLDLQWYQIJ;jlEGWATPLK9Ff;!!lE){HYLQTL!!J11:lTLtDD.AVl 
NMSIPiVii'VSGPDKARLBooSti'..\Ll\1¥.EGRl\VALLQDi!EFYl!HRKEiilicsRv'W!i'J'~S~Hli(Ap~s 
Ml'YVSTGIVPl:.VDiJUAM1'11'Ci'l~isl.Ql:}M:V.1'1BqQl)w'i;Vjj('.ij)LQyf,.BRIRwNPi:!@Q~'.fl?Ll!LKQ){ijKD 
t.fUA,(lSl,IKGl!PAAGT!!)>QO,Q!\!U:;n>NJ'.,ll~J;'.!.,DAYFAll\lL~pyllll!fl~L~QD'):RI\RLJ;ERGY~. 
LHPZ,-O(l~DDDVPLD~MltQJ;l!IAW:BBG!LDPit§TI\l~PMLYA,Q,mgwca:c),'IMIAG~V 
·GRDPAQ!l!l\Hl'B'.l;K){I>LYl'PTR!lo.KN!:iSM>'.i'GL:rsvsnP'EIWAA'YNKIK~.Pm'.P"'~l,IDl!FDl'fSqrR 
MRKLAIU!GI!DPPDG~Al'KAWKVLTD~ . 

SEQ ID61 •blog~esls <irijsosoµi.,.relatedo...gjuieUils'colJ!plei<•:ll,·subullif'2 

~~~~Vif[~J?;~~wt~~:~ 
SEQ Ji>li2 Siinllar to lUKEN cDNA 67200i7C~i'(i>nidli:tea) 
?.!PSOLPCPSLORlt()A'.RRV.A'lllTP·DRSOGJ),PO'AI:.SArGGSGOVS<;S~ki\LVGL!'SRVllO(lAKG;!Qd 
LR!\.NLD. i>.R. ,DA·Q.TKTKQJ.Qi.Q,: I>~'\t'.iNVI!. \GIP .. ·• ..•. o .... B .. L¢QIF ... M\'YR.K .. :.TA .. R.D.:R.RKAn·< .. Ii.~ ....... J.·)'.A.S'l',BT. :p.}jt····.·.K. QG·I,·K 
DFADEFAKLQD~VEl\Lll'AKVVB!'tK;\'YGTlVKMKRDDLKieyLTAI\NIU?AKQLSQ!£R'iltQRN(>SOR 
HAl!TBLQRAtIDA'fl\;'J:TRl,l.LllllTID!it,'Et<;~KI){!>JKNILSlll!l$\l)vg:B!IO,KALE'VLTAA·')?'~J!l!QKIDBD 
EOI;B'\'PJ(NSLYLSti;ilP$RlDlVR,\NSKSil'L-QJ1,)i!;S1!'XCTSQT.o'Q:<i:A'l:\';R1:1\'lCDQ!I¥EDl>'DDBBLDVTBDE 
N 

.SEQ 1D:()3 tninstOl'Jl1ed lll!lUse' 31'3.:telldoulJJ~ Jllinule'l•(pteelJcfed)· 
:MN4'Gl!A$cgL\Jl\'fS®i!.TA,G~~S;\~GFS!'$~J';V~S1'~~ 
·SPRDP~'\'ro)PS~ARPLSl>AQQP~P~l!3SOOGAO'RARSp:/\¥l'# 

.~ 
KNGCWfiGJqQBUIS(:FTCA PVCRl;!PIQM~ 

SEQ Ji) 64 fatly acid syn{base 
MllllVV1AGN!SCJl(LPESBNLQllltWDNCIGGVDMVTDDilRIJ.~(lLYOi;~R&>9JCl.1$LSRl'l'>,.ASF,l'.GYl!P~ 
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~~It1f~~Jt~'itl~~fs1;4~~~fill~l~~~~i~~rtlt~i~~~~~r~~~ 
·reK.AJ'D'l'AqN'G¥CRSEGVVAVLL'l'K*SLARR:\IYA:r.IL;NAG~DGPIO!QGVTFPSODIQE:Q1;11i~!'YQ~A 
·.OVAP!JS.f%¥!1i~G'l:G!KVGI!!'PE1.-N.!J!T!l/<l;c(';rgQllpLl;.lGST,JCS)'lr)l<lH!'l!l'/i~!:lt..,..At;>\;~L.t..~"\-i!H 
QI.wA:t:~lf!'llsp!!l~F,lf.;\J;LI!fl~V~DQPtp}'J!'G.QfWgJl.'ISFQf!lGSI'ivJiUli~~QP)lpli.)!APHATL 

~~=~f£i$~~1t;&iwttgfi&:Ji~~~ftlt~We£t$'i~~~lf:K~illiW:~ 
lGL!PWsC.N;l:(lt~p®W®sLol!YfiCJtlY:AP<:ic:t:~(ll!BkVLAAmJ:i~li.P.()i\MAAV-Oi:sWilEC 
&;Qilgl,'~GJlV.pA~S~£l~SIJ.~pVEl! .· Xll9¥f1l'i.KJWR'll!'J!;JMAFIR!'flll\W'IAP~~Q1Jtl<:K 

·t::fJ'~g~Nft~r~~l:~~~~x · trai'b~ . ~¥JI~m~~~trfi~~lft1r 
AWD.ViiAABDFPNdsl'.iSPSAAIYNil:its ¥tvoimibG' •. ,, . ~dtq&l.;QL 
P,VVfEJ;>VVLHQA'fU:,li,J{cT(j:J:,V~BV~r;i!AsRi\FB'/:sBNQNt.·. . .. ¥YQWl>PPJip~DHPrl~ii'i>N:fr 
lil'µ>MQAEy;).')~!lL . • · Y9l'l!EQ JIDS. .· . 0$lllil.DTMLQMSILQs~GLYJ;PT ~Vt;\Un~A~~Q(g; l>,~AQ.\'~ . . ,i;i\'X1;¥~ , .. ¥Ji'l.'BSA'P.iµtQQEQQY;~~Btg!CpI 
~;~1Bt~~~¥i/oit~i;i;rifi;)[i~i~I~W:~v8Nui>~~~~~~~l!J'~~~~fil: 
SllHPl,fQf§:p't{fl).!l;llllq{!J::t!'°'/l;Q~Jl!;QQHPVAQGQWPl'll:Ql\MS'AEGS};DLl'l'CNeili:V:A.Af-9l>PA8Al:S 

'!!. M ... YM!;:.,. ~a. <),ill ... · :t; ..... H .• '1' ... {>1,ll .. GH ...... l'I,·.O·J:/·.··.™.···.·. /A.· .(F·L.~ ... 'l:!!J'. ).~ Y .... <JQ!l .... I. LsQD·'· A .... ··~.· ·.· .. ~.JlS .... R, .. Y ......... $ .. ~ll;1" .. J111. j\11:;,!C..,. K~ .. FXO. §.!' ,L 
;r .. CRR]1,r.-:1D.S'l'lELPVDD:l'SFRVlY.ESL.KGIL.ADBDSSRPVW1'KAm&;'M'~GYYQk'\!l(cJ;Jl-~GGl'!R.LR 
C:;Ll;S.lfLSSTSHVP,ll~PGl; . . . QODL~NY,YRDOA:Wd!W!FL!.BBD.ltl>BEl>itAHAFVliTLTRGD 
_LS~lll,W\l;C~~I,;~AQI>JC\P!J.~.' V"f.'.'fAs ' J);IMLA::'N!l'I;~!il>!U)'PK~SQD$LLG~lj)i.SORJ;!?<.SG, 

~=rt~&~~fJ:it ~& ....... t1~~I1~~~1'~!~~,~~a11~i~i~ 
EKLQAsVRCLA'!;IIG.l{l'L'alGKFQLS.Q.Nl!)'toMf'!FLKN)'Tll$GVLLDAFrlWSSAJ:)WRE\>WkEYlJ,A:G\RD 
GVjlR)'L!l;CTVmPt\9'\l!!~. I\)'~ .. 'Q()~!ll\:l!W'{Y,Q,~fill)'. B~~!liQ;'\!l;PK .. t,MsA!sKTFe~)\:liK~Y,IIA .. ·' . 

. g~~~~ag=~[~ti~~~~,~lg~1t11.:%~Ii~<f~i~l~~~m Wlc%i~~t1 
·~~~~A\~~n~i\i~tt'.~~~Jg;!ts~~~f,~~~~l)f.l~~~i~g;r 
NLVLSYR,ll'{RQl)'l'I,RKL,QJ!t,S~~Xl:)'l!\$J'1.t..A,CP'.f'Pl(BDGLAQQ\:i'.\'.!ill:;~t,R§.lili.YNJ'B(IP'!'Lgl{t~$,VQ~S 
l!RPI.;PLVHP!t!OS!fTVFl!'SLA:SRL.Slft)'GL,QcTJtAgLDSIHsL/liA'X¥m«;:)R'QVQl'Ec;!PYa;'{.fi<J,'l,'S,YG 
AC.VAF~(;1~%QAQQ$1,'Al'Tl!~Lf!I:FJ)G$:!"1'¥\V,L:.\1'.1'QS'Y~-A1CETl'llPMBAB1£l';ICFFvQ.Q.JiTDMBlt 
.~~~l,PI,f!ipp!E ... ~Yt>Mtf!!'q)(sHi;l. Gl, .. ;~.!ll'l@S!li\M'.§f;p'..· .. '.~ .. ;'R'AAll .•.... • : .. :.,·Q···. ¥11' .. ; ... KAX ... ·. · . · Y;HDNYMl'LRAK;l'. . 
vuA>GEDLGADYNLSQV!Z:OOKVSVHVIEODHl\'l'JillEGSGLBSll!IJlll~RV$VRBl1 

$EQ·ID·6s·· l!ydroxy~:(l'l•~tjl)·d~~~.2· 
MSTFl'SD'.rAW!CLAYP'l'VU::G;f-VF.CKyKKSS(1.QtWsWMllCL/liQL€<\ VeLULSPFWGLlliF.SVSCJ'U,1IT 
~LSGQiil.tPVDQKAVLVTOGO:col.'Oi!Aid!CYt.Joiitcmf\ii'AdVL'NiiNdP.OAElii;ililiCSiij(t~viciMDL'f· 
KP,VQlKD1tYSK'IAAML;QDRGLW'A;Ylt!NAJlj'Ll)FlltD<;l~LLMT;l)YKQC¥A~fi~'.£~l'~LXtii:$ 
KQRl;.V~s~MG<lll;\iP~YllS~eyi-A~~l'SSY,M)\p.ELJ!r<;Wtill{.VASYQPQflFC'fil'l!AGtsDKWBKLE 
,.KQll.,i?ljLPA!l"fQBI):YQQp~6,Q(ll\f!'r;~l;ll<!$1/fl'SKDf'SPNfil1.!)lQHAILAKSPpAYyTP6K!fltY1')'/\IGL 
AII¥LPIGIYDYFAK!Ull'GQDKPMPRALRli!PN'l~T 

SEQ m•6ii .~i.ill'otra~er~;~trogen-prelJ,rr~ 

~r:J'ii~:~~~~llWlfCl~t~~llrtifJ&,~W&~YEWCm'i~~i."iii11~~~~~~ 
PFmv Ag!IPNPl:)sFl'!lr.Y!l~~l:ltlCi,!Y:P'YoswxAAYK'sWW'iiK:<iitSJ>il'itFti!YiiJ:st.!tEoll\i<s\IJK:1.t1IFi. . 
. ERKPSEEL\'DRllHH'l'Sl'QEMKNJ\alSTNYTTLl'DBIMNQKl.SPl'MR)!:GITQD:Wl{tlHFl'VALNBKFDKIIYB• 
QQMK!ls'P'KFRTBI · 

SEQIID 67 ZXD{a)ijijy.~cllitger C 
MSKLLlttiAAKHDDDRRIIT¢PY!!l'1G!JKSm-ilaatkdlislTHl:;GTKPFEiCJ'YEOGC~FSARSS1'YmS){K 
.HVQDVGtJ>){SRCPY$'.l,t!NJ(!iii'.rS~!l~Nl){;'.l!M.VRQHSRRQDLtPQL:ilAPSSL'!'PSSBLSSPGQSELtNMDt 

; .- ' ,, ' ' '.. ,. 
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}\/\LFSDTRANAS!Jsll,(llQS;D/>Ai!i?{S.i:nL'I;~!)'Vil'SVSSsLGGN(;J'AN~ssw1MPi't-Y~Vll,;!~P)Pl'SLDsP 
LVLQTAA'!'YLQQQS.l'sVPDYQ'.I'VSAG:A,L®Ii\' A,LP1'1.l9"fi$J;l1'Jf,L!l°~'l:s}'ls~!<A,Ali1TTP!l:S~~P.RBNM!• 
VPBLLAPJ,l'YEPDsP~ltPOAVGQQBOSHQLPQ~L!lllf<AllQ~Qll,Q\?;l'ELSAGT0Nl'YLl!SOOSMlTDY~A· 
1QL;!tKllKKQ!tOAOSNAQASQSTQRK!JP3!J~&PPHPlf!\.llQ1'!SWl;C!oSLvvrsooRJ'(ll.'.AP,#OVQli:OAQ.O, 
V'Q'\(QL'VQPPPsOl!()VU'sARGpA'l'FcyJ1Lt\ii1LP¥YVri~~l'..i>SSOill'AOOBATQl'P,G~DtQ· .. . 

si«l m fi8 ~;t!IQc;dclun>:bmdfu.i!pmtein A9· 
'~SQL~~~~~LDTNA. 
PKQLSl'BEFIMLMA!!LTWAsBB . • • . . . . · .. . .. · · 

SEQ ID Q9 alde1Jy_4e f!~genase•lAi. 
M~SO~i;PVL!/l·oi,;KIQ~TIQPINl'IEw;IP$VS!Jl'4'!!1.':~!"A 'i;if~~Lf:QMEEGOKB!lY:n~y~l\Q!\ 
·pQros.PW,R'\'MDAsB!lGRL!;Y.KLA;DL!B.'gDJ!JCI~. ~~~OOKLYSN})1Yl>NQ~13£l19!:HRY~A,O~W'Kt 
l,)Gltl'IPIDONFFn'UH!!l\l(JY!i:OQ)'.!pW1!J1.P,LVMtlWK,{j;PALSOQ1'1TVXYj1.'.1'.ll.Jl!.l.'f.i'LTJ,LHVAStlK 

.·.BAOEPPOVVN!YP0Y.0PTAO>t;1t1~suMJ>wrcvAFr:Gll'.l'!!Va;ic. Aorcs)!l,KRVTLBLOO.K$P.CIV!..A 
D;\[)LJ:!N;.\;VllFll,!1.HGVFYHQ<i:QCcfAA$RIFVI!E~i~pl!l'Vz.R.R$ . . Yltloi"!~LTPOY.r,®J;'QID~Q; 
Y0Kl_LDUE$0KKllOAKLECOAQ?W9!'f\COXl'V~M;\IF,S,NVt~SMIUA .. ' IF:GRVQQlt,f.!<~~L~PVllffi 
=~OVFTKD![)j{AffJSS4WA\3'f'\1'1'\iV .. QYOVVSll'.Qli:PFOOf!<:MSONt;llU!LOEYGPaJ;Y'ti!VK 

S:EQ;ID 741 Bite> Giii><11$So&'t1on in11lliiil!r (Gi,I);~phll 
MAllQEPXM\QLAQINJ!~lllJSYfl'YiCPi>'AQKST~IiIQiltDKDDJ;SI,l\'!>:Y~~V:4'\'~':ADP'MVPNV 
.VVTGLTLVCSSAl'Gl'LllLDLTOD.LB.SFKl{QSFVLKl!QVEYR!lqSP!l'VNRl!lVSGMKYIQHTYltKOVKID 
ICT!Yti#o'sy(JPIOOmYEFLIPVE!lAP.!{Oll!LARQ&YSli$1$JDD(ll<;tD~WEViJm,il!OO>~ 

SEQ.lJ) 71 ca..Wnl~ a®ydrase I 
MAS.'\'t>W(,1\>t>uKl':io!'.llQ\vs·ia;y.i>~?-ioNJ11QsPv:o1KI&B'l'~list,,KP1s'\1sYNI\A1rA!IBl~vQHsFH\'1'! 
i.'JlPNDNRSVLKllUPFS!is~»l'll'Y!JsTI'il!it,(lS:B!liVDl:JYK'.is'A:al.HY'AllWl'J.S~):'~~L~W~ 
GLA.. V:!OV<LM.KV~AN!'!O' .•.. ;~ . .' KY. .• : .. , .. t:;)).1:.J.Q ... Al~~. :~K..,O~KRA,PFTNFPl'S'.E!i. • .. iLPSl\LP,FW~'ilSH•llPl'LYBSVTW 
UCKESISVSS!lQLA.,.PRS~l>N"VPM""';"~·...rL1<GI\~ · 

SEQ ID 72 catlioruc:~yjJl;l.Se'IJ 
MSHHW<?l01'mf(:ll'B~!J~FplAK:Gl!~S'.PVOlti'l'HTi\'.KYJ)J'SL~l,§y'$'XI)Q'ATSJ;!Uti!WGHl\FNV!!P 
DDSQl!~~:l>,(,1.ffi'l;l?(>TY!lUQFHFRW'OSLDGqt;l§Ell'l,'.VR~K:'f':~H,LVHWNT!ttODj;OU'(Q(t@qL 
A.:YI>(l~KVOSJ<IQ(ltQKVy!>:YLI!~l'!~"!'KOKS~~~'\'ll(,1LL\!BSLD;y1WTYP,OSl,;TTPllLL~ 
LI<lll/!SVSS!lQVLKl'RKLNFNG~~NWIU>Ai«'w"'QJKASf'K. 

SEQ ID7~ .ATP'<lependenlDNA hellc;isellj!t'l~·~b)llllf 
MS(j~KTSGDBEA1lEBQBENLBAS~~VI;ii{SKAMllEs~!ll)J:!ll[:P;l'Dl,iS.l!2G[R,5y 
YlSKIISS. DRD. LLA .. • V\IF¥QT!l~~ ·\ •. : . • :. ' ~.GA~l~l'l'\'.Q~~Jll\11®.· ,~j2 . 
YSLSllVLWV~D\!QFKMSl!KRIMLFrNEI>Nl>HGNi>SAKASRAR'l'Kl\OD ' ·· l3JFLbk"""""'uO · 
FDISLFYRDI.i$IABDEDLli.VHFi!EssKUIDaRKVRAK1ITRKR11LBRLIGittNKDN!s\iaiYNLv . KA 
wl'PIK!.YRllrNili>vKTK:rR~ . . ... · 1r ntlf · . ·· ··· · ·n~oit · 
KPL~tFvYl'!lBSl.\1!05m.FS~~~~==AL~ill!Et 
DDQKIQVTI>l'QFQLVFIJ>FAPD~KlMATP.·iVGKMKAl\IE!Qi~~(&HFiim. ·l!ALAID!:MEPEQ.A'VDT.l'i'LP~dSJ'.,VoEl'~VYPPPYNPEG~NBtlseswK\IEYs 
!liJBL~~ci~MLKEAORA¥0LK$QLKKQ~Tif,HFQb . .. .. . 

sF.Q ID 114 lll)'.oSin; h~vy•polYI>~plide 9, oon.1nu¢t~ 
MAQQMr>~'YJ;Y~f)~FjNJ,{j>i,.AqAti~AAKltL~I>KSW'S.!l~l,~Yt:l$.>A!YBLl(IlN(.lJ:K\'lfN.~il.p 
DIQKMN~P1'FS.ll:Y.Bllli!Alll'..TCLNBASNLHNLKl!R'lYSGLn'.[f'!'sotFevv1~P'l'KNLPl)!:.Sl!ll1'1'1!1>i!YKO 
l\K!tf!Ji~~Pll!'\'AITOtAYRSMM'.QDRBl'>Q~IL'CllOi°lS~(Jl(..'$1'1TKKVtQYU·Y.Vl'iSSf!KsKK'D<~:oi;L~B:Q 
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··LLQANl'ILEAFONAKTVKNllNSSRpqWiRINru\¥NGi\'WGANlETYLLEKSll.AlRQAKEEjl,'J'l'Hll'YYL 
LSOAQEHLKTDLLLiWINKY~l\lOWtIPOQQDBlPMFQllTMl!~RjMOIPEEl!Q!if0LLR¥fSGVLQLG 
NJVFKKBRJ'!'!'PQASMRDN'l'A4;QKV~iltLQ~vjbrj'~if1Ji'l!!ill'.IK}'.t)J;tri~y~gt,lgj(ii.;;~A!ilAM]\':A 
TYBRMPR:WLYL'iUNKALi>K'l:KltQGMl'IGILDlAOFllll'DX.NSPBQLC!N£TNBtG:QQLFNH1rMFlliEQE 
EYQREGiEW!il;f1DF0Ll~I;{~\3¢l[)Llp~AG1'l?Cffl;AI;l;!illE!J,~~Atri)W,Srv,:1!~¥McillQo:tffp.~q~K 

2~g=~~~:J~~~4~~~~i~~if~8DtYt~~~~~J 
.IRI$QOFPNRVYPQEl!RQl(}';!lW'.l'!!J:!Sll•KOmtJ$~Q,'(QV{ifi'.l~L!l.I;[)SNLY'l!JG,Q~~mt#G'\'JiJsH• 
LEElllUJLKI'l'DVIIQFQACAAOY~Kl\FAKRQQQt;TAMJ(~RNCAAYLK{;~QWW!tU'TKJ/KPLLQ,V 

S!tQ .. EilBM. ' .• ... M.' AKE.·. ·.ail. L ... ·VK .. : V.R JiK.':!J ' · .. ·· .. : JPEILQSQ·'· L. !itiY!JSiLQ······{.q· .·~ .• ~.: ~~.·. ,· .. ,,, .llCA ... '.·.•·.·.·.'. fil .... '.·.· ... llL.··· .. \!.~~\; .. ·.'rf.~.·~. '.K QEL)lBICl;IDLl!AAMESBEE!t:CQ · ' · , . Q) . lQE1-!1;1'QtBEEaS~1-1~)Cl'T'.mAKLKKLSEeQ 
llLBlll!l;Nci>L~i>KitJ.,Llll'>Rf ... .·.. . .. •si'A"C. .. .. A'Mi'i"Qi::ilEltLR?RilS:KQJj.0\ttBKTR 
1!1¢!lapsf!J)?!ilQ!As. · .. · · \t;;': . Ll\ . 'f.Af, , L~MJ1.i.it~Jj.!4f~s91~1>1.QJ!Ph 
l!SliMSWKABI<Q}imr.r .· .... · ....• ~~· ~Q ...... · .• 9 .. •. lfi .'if. :J'HllA~IQJ.\~ 
~~:~~;:;~i~1iiCLQ~~~tsqsoff~rlk~-r1coos J-L "fl .... · . i~i~~~it 
=~~fLW~W:~~~uf~~ilis~g~M~~j);qtx;~~~~~~N;p~~~ 
AR!lKE'l'KALSL,'>~llll~Q~LI!RLNKQFR'l'l;ME!>~~!d:>!)VG~YHllL!'l(SKRA1'1;9Q'\';SSNIKTQ 

~~'itic~~t~ff!ii~~1k~~rf~f~~==~~~*=~~; 
:rrtW<,&'t"q1~~~~~~~~!~.l~t~~=:it~~~~tt~i1::::.=~~ 
SQLDN!lTKERQMc~QY~TI!&;~Vl'LQYl;)Ji)ElU\l'l/\!iQXKJ:IQ'@K~si!'!U.;l(QLtq\I;)LJlll@l!llAQ!liAJ;i 
ASR111(LQRBLEDA'TllT;\D~kllVSSB~l$l;ll(1DLl'FV'W'RR)'4ARKGAGOOSI1.1lEVj)!'lE!/'DGAEAKPA:E 

~EQ•ID 15··sbr!ll11r k\·Myosm·iiJ:bt~lypepti!l~lr'(Myosin.ligJit·~AA'ir!,iiliaili 3}(1\lyosllt•llghi:clialn 
3)~) (LC17) . 
MM'.¢DFTEDcimP~cyf)ttT\lp0~i;.~qoof)vl>ll!,~WQ~:M/i;~PK~~FEH 
FLPML.QM,V\~ ... ~DQGTY1i1lYV1lGLQVFD~GNO.:rIM'OVE!iWilvLV'!'L<ili~Vt:°V'.AQNBGSNOCI 
OYJJAFVRJl)L..... . • 

SEQJD'76. prosa(X!Sii1 
MYALFLLASl;LGAliLAGi!YLQLKllC'l'ltOSAVW.GQNVKTASDCOAVKHCt.QTVWNKP.'rYK$!,PCD!CKDVV 
TAA(IDJ.iLiful(ATE(!BII)y'yLEjof~tlWLf~?lJ.fs'AscK:mVpsyLi>Ylt't;IfKtia1'4:S1h•i1B'\fcsAl.Nl.cES 
LQK1iLA,iil;NHQl(QL$1'1KIPlitD~yY~~.~!;li1./YPQDGPltSkl>QPKl:l.N.ODVCQPt;!Q~·:i'PlQT 
l'\'VRTNST!/V.Q~LV\lHVl(EECQ!¢QJ:\l\IM'.ADICKmq$,Q)"~J>!AlQ~l'U'~lt::;\LV(!F(j!)~\IKE~MQ 
TLVP;\'KVASICl!lVIPAtll.kVJ!l'tl!!OillVPAKSOV¥eli'Villli'L'l,Kl>YTltt10tl'N.KTlllmlLOA'FDKMC.SKLl' 
.K81$!!EC()itVVDT:Ydss1tsfLtl>EVSPJiLWSMLHi.<!llGiiltLP.,1\i:.'fvtiVTQPKtiOGFcilveictu.v:oY.to· 
'RNLEKNSTK()Elf;.AALBKGCSFLPDPYQ~~QPYA!.\YEPV.i,!EILYEY!ifDPSi'YcLkltlAGPM'!tKPLL 
·GTBKCIWOPSYWCQ~AAQq!AVl!JlQIRH\IWN 

S.,,Q· ID77 ·. osm.....,·''ilo •· •'"'"t'chain:MR""·3 ' .. . . . ~. . .... - ry .,,.;u .. ' . ' "" 
t,!SSKRTK'l'KTKKiRl'QRATSNVIrA,li!!l~'$Q!Q~FKllAfNiv!ll:lqNJU;)ppW!Oll11)11,DMLA'SL~H~Nli'.flil!\Y~o 
c!Ji{!d!l'.BApCJP!f\PT!dFJ,'l:'MfCJ!;~t;'lrD,:P)lOVJ!\l'!l\.i!ACPD~ATO'FIQEOYLltELLTTMOORl".)1>EEYDllc 
.LYRllAPlDK\(GNFNY~l;lG'Af{J)KDD 

sEQID7ll sol~j!llrtm tillhiJr4, ~100'.ex.cltlliiger;;memberl (ecytlll'oc~niemiltan!l.ptotein 
band 3,J)!ego biO!Jil llfOup) . . . · . · 
MllBLQppYilD!dlifl>sNLEQ~JiYEDl'PIB!lSQM!lE,l>fi,Afill'rBAT~'.i'Q~s~Hk,Y,•A>Eli~Jlk¥MD1*N 
.QB,LR~R}YyQLE.Bl'!LQENjJA'WCl11fm.sHt'rFWSLLE~Y@ii;oT~LDLQll'.l'SLAG~AljQLkl>RFI 
FBDQIRPQOllill]lLLRALLLKH§!jl\!;IJ.\LEA)'.;;C!GYcKl»~Yl'.fTRSC]OPS'Qj>µ,:PQ!{SSLEr.QPF9llQPPCloTllll 
JlsPS(litEKWPDSBAT!,.vLV<:JR~FLl';Q~Vli.Ql')/RLQBAAlltEAvEOVPIRELP.Ytl;1'!l'liAl'l!IOYTQ 
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'S~ID79 transgelfui2 
MA)IRGPAYOLSRilVqQKlBKQYQAD):.EQlbf9WtrTQC.Rko\toll'.¢QPoRBNPQNWi.KOQ:1:'Yl.¢B!,;INALY. 
·r:BQ.Q/\PYKKIQ:AS~QM!iQISQFLl,j~'YoJNttl)ifi~l:\r;jji:,WJiG'i{NMA:ri'VQR'i'LMNLOOtli.vKRD 
DQU'SOD~~~NQI;QEQ!W\lloLQl>(~GAS,QA<lMW\'OMPitQlL 

sil;Q m 80 tr<1pomyos1n 3 
l\IME/µKICKMQl\!I,KLil~t<l;,l)R~AB~KQAJl!li!.S.KglJll)J)LAAMQ~lJT,El)EW)llAQllR'LA't>lLQ 
KllE~B:S.AJ\Pf!S~Gli:f!{yµ;l"~lw.!<DEE~EllQElQl;.:.Kl!¥fflb'fll>AQ~K·YllBYARKbYUE'(Jl)I,E,R!!IE 
RABLAESKCSBL~~r;:;'~~!(SI,~~.£ii!1X$QJOiD.Jtt:6BJl!,K!I,TD,KL)GW!-nµI!p-A:6RSVAKliEK .. 
TIDbtliDELY'AQKLKY""'S""'-"'ilf~w,,~1 

SEQ ID $1 taJJ.nJ 
M\fALSLKisloNWK'l'MQFEi'Sl'MVYDACRilRBRIB ·. .AGP.l'Sr!FGtFLsDDDP~~d 0.Y 

~==µRMtllo~~~=trerJW~!~b1 
QLNLL"l'YQARD~ .. . . FQ@IQl'Ql' • .. FI;P~QKQm!KIP 

s& .•.••. ~i:. V···~.w.r. ~~~-··j~r~.~~.O.a.~ ... ;.:B 
TAGDPABTDYTAVOOAVTIISSNl: ·!iAALLBDBGGSORl>,.,~kVSEI.UlS~PAS 

llE&1f!~l)~~.····~~~~~ii: 
KKl;YQ!l.r;E~Q~AT .. · ·· · TP~SAGP.QiUYQSCKAV~~Q'l:i'iaOSlJA'Q~SP 

GOLIQTAMLA . . . .~R:'l'Y~l'lft> : ·.· . B.l'AL:. 
MVs~.~.··.· .. 0 ..•. : ~ ·.·• . .Wf. ... ' Q.'(;fJ!!1, .. i~" .. ' .. ~~· ... · ... ·. . .:il(SQ··.·· ... ·.· ;.,;. . ....... ':· :.Yft~~ KTLS.u <.Q.>~Q . ""YT""""OONI'KQ · · V • ... • I,UThN!lll'ASA 
AGVVO(iMVDS~LDEOPMGEPEGSl'Vllm'f!M\iRil .. ··.··· : .·Q~~SfEJ!4GPJ;;lil!~T 
SQYVRIAS6A~.f\A'!~QS~vQ~Gli0<;:~~1'.l~*~~Y,$lll< 

fu~1i11era&i~,w~ 
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TP1liil'lR1.frKl:ifrW,>TAl{A.VAAGNS~QEDv;..\T~ctaiMYHPEVAllJ)~a 
RBCANGYLEU.DJIYl$'1LQKPSPELKQQLTGHSKR\tAOS1i'i,1l!JQMJWll,K~~IAlll';BLI.. 
CJAMAJB• ·• '""''0"~ilDEst:,NFJ31i.'\1Ll1A~AMTS•·• .. "''"·'"M"!UlLYA""'KVGAll' 
AN..U:l)rip~~MjM:Yl<M~AAYQ~Qll~~~;\\~LLVAt~ 
!lA!ol~g!IAYK!IAS°*'VKAAQ~EN!!TVVV!CE~C!GIAQllM:Q~ 
KL;\QlRQQQ~8ELRDBli 

SEQ.lD·B2 enoyICo'enzy~·~.byd~tasedqiinil!i•~'2' 
MLRVL~lil\PWR,PLii~RC!Piol!SJ)GAAGGS.EJ.Qxm.Mrl!DQGf;l'lll!'¥~~A\l,Ni\liG.!'!VFYsBLI.J3:rt/,\Q 
·LRED!\QV!\'(L!il'Iµ;.(:!YK(J.'<l'ci\oill!LKBR!\Qf;t~J3;\llY(JV!'.¥·Ql\lil\ClllM1'!QI,\~l!AYMALIBT'rn(lLlii!<JA 
GGT~t_PRct.· .. •<'fYA.LJ\KBLIP'l'. . , .'GRIU;S. GTB.· . ~~. ·G .. LJ.l_, .NH" .. ~ Aa~.· .. ·, ,Cil)AaY!iAARALAQBl!'iPQf..l'IAV~ 
GKVtw<1<GTBVlllASGMAil!GMCYAQNIPl'RD · . """"""""""""'·~ 

SEQIDIG ~pha"8f!lhloadiparea~mi&e 
•MNYARFl'rAASAAR)jPSP~TMTl>JLSllGPKSMISLAGGJ,ffl'PNMPpFK!J.'AVITVENGKTIQFGBB~Mg,R 
ALQYSPSAGIPBLLSV{L~QLQ~)!:/;;IJ,Nl'f.TIH,YpPsQQQMDL(;:V.Tg(IS![QGLfl{'l{l!'BMiffll'Gl)NVJ,.LPEP 
AYS(:lrLQSLn!'WCID'.lNY;A:SDJ3SOIVP,1)$,14!!,l)g;sp;_w~J3Q,\'KJ:.l.PQJ<:N'n'~LY'I"VPNONNl'JPNSLTS 
ilRKKllf:YBLA!\KYPPl\IJl!PDPYYPLQl'NKPJtVI!'l'Fli$MP'llDO!\VlRADS.il$KllSSOLRfGJ!l>TOPKPL 
!BRVILmQV~Ttlli>S'.TENQBMISQLI;iiBWGnEQFMAt!VDRoVil)JA'sN'qiq;>i.,µ;;r,:AAJ)K}\'tT(jthllwavf.' 
AA(lMFLWIK'llKGINDVKELillll~VKMGVLMLPGNAl'YVPSS;\l'sPYLRASPSSA,SP.llQMDVAl'QVLAQL 
JKll$· 

SEQ.ID 84 acyl-OIA.synlh~~.J!)l)f~alilfamiijci:lli9nber:l 
MQAllJlL;FRY,FRMPELVDFRi4'ry~'!J.if1·. ·. ~L"I'T!WYA'/RU'iiP;~~~MQ~'\lflV'.t.()SClqA 

,~~~wQi~r;{~u~mgtj%ti~ . P,ifn~$~~'%1'0ir~~~~irf~~ 
JlGV.llNKLIPOLKifW!'fDAYC<Sl!L;Y,El.I!<.'!Q~C(lVBVTSM;K~P.!lQJ~~~~K!'l'Al'JIDtAWQP'r$tljT 
:ONPJC!'!AMV·Ti!Rl'!IVS~CSA!'YK!ITllN't~PJ>UTL '.P~MP.!!'RYYJ!CY!\(4¢J! , . WQGllllt\. 
l.Mpo/<JCif!QfTYFP'\'Vl'l9;I.NR.ill'~pR,!J'C!ii:(' >' . . .. J~As}g1;1mA!lLRSOif ' .~ff1"!: 
:QSSl;OGRVRLMVToAAPVSATY,L'T.Et.lti\ALOCQ . . .·, !'!TAOCCJ;'J.NPGDWT"i MPemJK 
!,VD'\'EJlMNvMAAJ301ioBVC'1'1'~~NVFQ9~P.AKlli\li'' •. K®W;~i,1Pl(l~ .... , ... · !])R:Kiqi'IF 
~!i~E~~YIAl'llKIENJ)'MRSl!f!f!~~l3S!,.Q8!jlf~!H,!,~~~l!\'/,m.sl)BBLmw;KDV 
~MVRLOKDSGLKP.FEQ,,..;,,.cin,~~IDN(!µ\T"P"~""""'·.,~~~DLI•on!W 

$J5Q i]}$ alfl'!liYd..'deliyllrogenilse 1:fllml'1t)ll~llJ!ie~ Ll 
M~VrGQ~!J!1<!QEVYc~'ll'!@!IBVV(f~b~Gl9\J?fl,~Kru!v,l'\'Fl(Y$1\.~t\~<\i,QM<PJ?yY 
AKYQALG)U:!L;NY,!:PfcsQl!!PMllllSAPRHO,'SU:Y}i!'SLL;PIWJ!:G;<\Sl"!NWTLIRGDKKGQFS!FW/!.l!PG 
\.DTGDL,LLQJGjCllVL;!'tfJ)l'V~'l'LYNRfLFPEGIJl'~iJA,VRL!MGJCA~RLPflPJ!!!. ..QJl:RIE'f,AK 
INWDQl'@:!AIHNWIROl:lI)Jl'.VPO).W'mA~QKt'l');FNSTiiN'!'Sl:ll;y~g(lo:ALl'll'll' · 'K.A'QLJJ;F 
O~DDKW,,,L.V,~QLEP<:l~ii.,.\sNj!l.FK'(\~/\~~yµµ,ti(~y'J'ABkYRSVw.Q!!;'Il,; .·· pS'.l)D~~ · 
GAAS:'ll?VY!!,L;\'.JillV~GLl!LllNl!D.~"S:rFGD!ITQl'..l,Vl';Ki;\l:<;D,Ol!B<;eCS .. >. • • ... VNK~l!;tif 
. PHQU1IG(lllPV1JA,1!9A!9f.sB,Tn:IPT.IJG~YJciw~t.AQVJ'J);YJ;IKt,<,Vfy',AJa>,~(l!lW,(ll{IS~RlJl!,LlilY 
RLADP4EQHQ.BJ,lLA"l'Jll.AlJ;IA(JA.V'l''.'.'.!:!>ALK;fHVIJMSlQTERYI',AGWCDJ<IQG~;t'IPil\QARPNRNLTLTR 
KBPV(!Vc(lUIJ;'\1{.N'tPLMMt;SW.KTA'ACL,AAG!filVJ!<:!f*Q~P!JT:j\L'lq!Al!L'lll\I<:txm!'.X:<iV'l!'iY!i!\QSo 
SLV~RLSDHl'DVRKlGJ'Tj3STBVGKl!Il:fKSdAIS~:VKR;YSLECQQK~1'UFADCD!lNICA'VQ)ltOMSS¥F' 
PNKGBNCIAA(i~~IIID.!!l'V~VVEB'i:ii'KM!{V<i~P~iJ>:ii'ifQ\m!HAHLVKLMJiYCQIJdVµqA 
'rLVCGGNQ¥i1JftlOFI'ft;l"!:VJ:'t1)YEpH~!1~@BS!'QP~llS~j'iPQl:/!ilI,AYL1lRMfATEFGL~VET 
JIPJNK'.ALXVSD~A~V~~GJ1GKD~YL'll~y , 

SEQ ID'lk> l{\'glnlnosucclnlire synihe~e 
MSSKGSVvLAYiSGOLD.TSCIL:Vwl.$.QGYDVIAYLANlGQ!a!p~BARKK'Al\!{LOAKKYPlllllVSRBl'Vll 
13FIW,U,.1.QSSAL".\'BJ:)RYLl;OTSI,.;;iJ!,fC:!'<';Rl<QVillAQ!\BOA'.J<Y\1'$J:!Q~i.<i'fi,:b~QY!\F.!ltsC;YSiAPQlK 
VlAP\1{RMP!lFYNRFKGRNPLMB\1'!f\«2!{ilI!l1)>V1;P!{fil'WSN!nllNLMlllS'fflll'.Q~BNRIP'1Qi1'l>PGLYTWl.'. 
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QDPAKA:t'lilTPDILEJBPI<KOVPVK:VrNVKOOTT.llQ'.l'S}.;llLP~YLNllW.:qKHGy(lRIP!VliNR}'!Gl\!KsliO 
·1Yl!TPAOTIL.YHAHLDlJl4-frMDREVRKI!CQOI;i;il;i<PffetYY'tdlfw!!SPECl!FyltiiCiA1<;8QllRVEG.KVQ 
VsvLKGQVYILO~P1$L~VS~Q(JDY!j'1"0A~s~YHlltQ~KV'l'AK 

SEQ JD:87 dbllethJlgly_(lilie dehY!lrQ~ 
MLRPOAQLLRqllLL~$cyI.,Qql!Pci~svco~§llll~)!j:.$;t\$'J'QwKQll~tYg9!!lCif-V<J:Y~LAYHLAl( 
AGMICllVVLLl!KSELTAOStWHAAOLTTYi!JU>GINL~ll!¥PS!KLYBKLBBli-TQQVVGPHQPGSIRliATT 
PVRYJ)BF,l!'fQ!>l:i'Rt()W!!A.'l'S- fl,!ll~liiiMi!Pi:,t~v,J,Aqt;y!'!P,PogijiI)PyJ!J,,TM_ALAAlJ/!1\11'.C!t 
ALLKY.P~l>VTSLKAas ... -1>~i.<s!i!RANil,W!fAJ\i(lfW~l!llvQ~mr;saPLtl'YQfiQ'(,v~tl,S!! 

~W.Ji;~ii~:~~~:- . ·~?~~1:~~~1~~1:~g~~iwE:c~~:i~ 
·l'I'PLIELDPNRYO~YTBJl:l<:A'RESY!i!i,Ni!ll'\i'tl'Pi('liBl®\iti:iti'.:i'QliYsdLYQii.r,:i!sKcsMGilllii:\;lW: 
EQPl.iWFYK!'GQDJ!Q'/ltPSF!\ll;'rlfl\"llli:t'vlJ:$1lYKQV~Q-a.vA¥7PtsJ,>pGICl"l'llKC1QPlllWilili>.~;mvn' 
iCVQPTNISHMLTJ!l{GRVYAtlil'l'VS!IQ~MBPLll!TGSGS!iLHDt!!oWJEEEA:ltKGG\'l1)YJ!Ii{l'li'.@l;tJ;GVL 
-ov:.o;a~Q~1'VllQKLTS!lbL$bDVF!Ct'qaT:*SI;KYS~ii!Vfl\IltisrrollLQWEL-.Y1(fillill:is'VA\t;t'oi\iMN 
A'GQlili(IID)W.9rY~ALRLB~~Wi>~,Ntj)~bii_AGL1lYF\<JttN.iti.'@ag)i:q,M,R:Q!Ki\KqL~ 
llLV(:LTLATDPV:DPEGliliSIWX~OK,VV<WTfSGSXS:tS.IQKSLAFA'YVPVQLsBY:O:QQVB'VE.L".tOIC.Nl'PA 
YIIQEPLVL'l1:lFTRNRLQKKooKbK'l' .. . -

SEQ J:D 88 Oihydr0pjriilitilhili@ 
MAAPSRLLIR_OGIWVl\lI)DPSl!VA:DVLVEDGvyRALGHl)LLPl'GQ,@*GLRV:tpAi\GKl;.VLl'Ol)WMHM 
.QFl'Fl.{(J$ll.$lDDP!l;!,l:\'1'!'~~Gqi'(MII_DF~lPQlellQSLJW4¥i#\VRBWi\,1)l\K'\(q!i;_l,),y$f;>,ijY'.A\itt\\;Wsl:i 
QV!(EEM!:IL:VQQK{!lll'!SPKMPMAYKDI;YlWi'TPLBLYl!Al'l!ll'.e.K!!lOAlAQ'\(!i·A,m-t'il1'ikt',)!GA'KK'li!I.ALG 
iTG!>BGHEJ;qliP.EAVBAlll.:TLRAI'qASt.;_V!/ilci'LY!WlV?,1$~SAAKy:IA:))'Af(Rl:ii'.Jli'V,Y.Y.QB)1.!:l.:J<SlCQT~ 
GTin'IYNi<:IIW!IaAAHH~(li>PU),PDPSl'PD!'LMNLilAADoLTI'TOTDN~P;l1™iGKQDF4IOPNovN 
OVBDRMSVI'lf/:EKGVHgGp;fi)l!i'.il\W'A\>ts:l'NAAKffl!/g#~oRM&(\:sD~J}'!}Vp~,ii;'CiTR,TisAKTJIH 
QAV:NPNl!1EGMVCHGVPOl'E~Q'K.VYYEA6l/PSVTAX;DG~R!G'FA1l~1/!(i~KQR~TC'i'PTPVER 
APYXOEV J\.ThKSRVTKEDATAG'l'RKQAllP 

SEQ ID 89 ectonudeo~pyro{lh0sphalase'ph.osph~ei~~;(a~totaxin) 
MARR8sPQS(!Qll$LFTFAVi:iVStcLGF'fyA,'ilJ!:I:lc!MEGWEEGP!!')''lJ;,SDl\)1.WfNISlilSOZl{(j,R¢~I,.('lllA9' 
.!>l'Dfl\~QNLCK~H!)FPBJ;CL~'µ;J!~CX~RCQl,> . . , . ;&~li!Z~ED~RG~9rN'\'QYll<;~G 
B!!l!WVIlDl)Cll!ll~!'A:G\'YISP!>t;Jll'SVUQJ!t(!S$, .IS:Y.M!'. . . ,g>~M}lPVyl!Jl{;T 
PPNLYTLA-r<;l1':').'.!l.Ji$f!G:r<;(GNSM1\DPVI'b;t\1iftlkll\'l:. _ _ . WWGO. .. GTFFl'fSY\?l 
P~R.Rf~!!:l\R!'SVyAi;Y:~l?gl'~P,:$,~l®'Y:·~Dfllll. ... ..... . .. ·.· Y~J!iR,1!1;!),':R: 

i~fJs~nmoolfr~J~Q~~~~' Jf{{~~~P~!'m\~i}~~~W&~~ 
AAlllDlffLtVElliR.WH\l.ARKPLDYY-iCKl'SGK~ - VNSM'.QTVJ;;VGY.Gl'Tf~K'rKVPl1FfllillB 
l:.Y!'1VMCDLtGLK'.PAPNNGTHGSLNffi;tR~. ·. l/Ni'f.(j~QSDFDT;µeycDDKY21'ktiK-
LDELN~HTKGSTEERHtLYQ~A;YLY].l-;ffi1'DlL .. QX~!ii~!1jj;W'rsY'fy~ic;o:;iisvs$Y{PI>ll 
_t'rsl:;VRPDVRVS~PS~<;l.AYii'NP.KJi!~SYq~el!"lf~ssf!'!A!\'Y!>A!:~VT!'W!Yf~M~YWN¥FQ_R 
VL.YKKYA.:SJlRNGVi;y;ls(\!'.If):)$)))'.J;IGX;ijDTJiJ;ll(f!CQ.XY!loSs!J1vl'~~1rs.cl;~1ITQP:AJ?KCQ!ll' 
LSVSSl'IU!HRPDNEBSCNSSBDBSKW:VEllLMS:Mfil1'R¥RDlBHt;TSf;U1'111tt{-1"SRSWElLTLicrllLHT 
YESEI 

SEQ iD 90 fatty ildll l\lllidthydtoliise 
MVQYELWM~ASGYALl\:t'CFV~YAL~}YS~TAJi.GAVVRAlt'QKQ&;\gt!im.IDRAAQR!'RLQj:!?:D),,p· 
SBAl:.LAl:.1'l:.!>QLVQKLHSRIJL!\Jllj'A.:\,'t;P'f.¥-V9~WBVNl!G'i'NC,jlT;S[>'W,!lc.lii'i'QL.8QAPR,QG!iR1'Cl•l/:!'YS 
LKl!CFTYKGQ[)STllQLSL1'1!0:~&li:CDSVVVHVL)O;QGAVl'F'(HTNYl'QSMl1$1'Di::Sl\WLP(l.Q'IYVll-i>W:KS 
SKSPGGSSOGEGAt1dS.GG'Siii:'di.(jijjfilaasi101i!SS!'eOICOLKPTONWKS.OLKOCVYOQifkffisv 
GPMAltDVBSPUcCLRAllCBDM\'~t~l!:l'YPPLpi<!\~~\\irs~Q~L\i:\it'OcX'fi!i'ffiNll':f!l>!~~?~~AV,:E.J;ti:' 
QSI:;BAAO:H'!'LYJ'l.'l:.l>SN!p_Hhl;f!'.l'.J:;S'f\)'(lLl'SD!)QH'.fFLQNpKGDF\q:).~()I:;GQ!,'V.S~LKL1'-9;"'LK:~J:;A,F 
LVKPLLl'RLSAFLSNMKS.RSA'.0:11:1'-Wlli;.QHBIEY~l'.V!l\QWRAIJDJj_DV~'l'i!Mr;ApAtDLNAFGRATOA 
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VSYTMLYNCLDF!!AOWPV't'lVi'ABOeAQMBllYRGWGD!WDKMLQKOMKKS:YOLPVXVQeVALPWQEBL 
CLRFMIU!VERLMTl'EKQSS 

SEQ ID 91 ~dl!toacetate:N•metliYI""'nsferiise 
MSAJ'SATP!FAP!JliNCSPAWGAAPAAYl>AADTllliULOICP-1"MBRWETl'YMRALAAAASSKG(ll\VLBVOFO 
MAIAf'SicyQB&lDBHWllBGl'itroyF(lJ(I;l\DY{APl\Q'rl'l!\'!VIPi;]CQi;w,1iovl\,l"!'tii>;>,®m:>i:i_n.ypfYl/I;~ 
BE!JWHTHQPm'IKl'!l'!Al'RLL~G@Vtii:ieNLTSWGl!LM.J!:SI<;Y®Q'IMFIJF!'QVl'At.LEAOl'RRBNIRTB 
VMJ\LVPl!Al>c&n'AFl!Qt1fl'PJ;m(f . . 

SEQ ID 92 JoliYdto~ISOliutytatedeliydroge~ 
MAASLRLLOAA:~(;;i;ltYW~JU¢R:PAAo~P,All>V¢sl!;s:\':1'§tr~W,if!~~!il~MAKN1;M!OfoYpi::IJYDV 
FPDA:cKEFQD.AGl\QV.VSSPADVAll1'AD)U1'1'1!lLP·l'SINA:IB~YSQ'i>NO!Ll\tKVKKOSLLlr1SSTID1WVS 
ICBLl\Jq!VBKMGAviiMaArvrooV01>~SGfil;]$?,l\IOQVEDBF/iAAQBU;OeMOSNVV'i(~Av<n'(JQAAlq 
CNNMLLl'µSt.Uo:l'AB~GliU:.(lLPPl(I;j,A~iL!ffi!SSOl\:<l}\'.$Sl;.)AYNPYPGVMDGVl>S'A~QOOFGT:t' 
LMA!©LGLAQDSA'fSTKSPILI.GSJ.AllQ!rRMMC\!tGyfil!l?JFSSVFQFl'.REmi:rF 

SEQ ID 93 ketohelltikfullSe 
MEBKQlLCVOLVVLD:VlSLl/l)K;}:'PKEl).sEIRC!,$Q!\:o/Ql\OON4$~se1:~!:,l-\)APCAFMGgM:APOWAD 
J>.VLDi)LRRrsvDL.RYcJ'Vl'.Qf\'<;!SVI'IA'l'YJOOl)\S'OSJn!t.~RSt;PPYS'ATI)l!ll,!l'.'.llDL'l'.~f~Il!ll!(l 
RNA:.S~Qv~QR!P~R:QPPBQKQlVSvJ>VllKPREllUjQC't\11Y9P'\>''l'FYSKDVAKJniGFQ$$BALR0 
LYOR\l;k~OAVL)itAWAl!EGADALOl'DOKLJ;HSDAFPP!1RVVl:\MAGl>TFNASVIPSi;SQGR1!VQBALRF 
OCQVA'GKKCGLQGFDO!V . . . 

$EQ JD94 kyiu!i-t!nmase (L¥ ~eh aroiase) , •.· .......... ifllU .. -~· ······. 
t,!BI'Sgr;BLl'ADT'VQIµ},'.AE!;JJ<:§.tl~'l'.J:l!\!lVAf"!JLl?~~~~~li!1~¢F,XIg'J{tQ;q01~\l;pt,stYl'iKD!lNMY 
FLGl)JSLOLQPKMV!q'YL1!1l,Bl,l))i;WAKf,AA)'OHii'l:$JffiPW!l'O,DESiv:.GUilKDJY,G'llliU!KBlAJ-MI;'ALTVN 
LFILI;MLSl'FKPTP,KR¥KlLL_l!A.K°AFl'SP:IJ\'All!S,QLQ'LHGLNJEBSMRtif!J<l'ltl!.OEETLRlll!JI!i;EMlllK 
BOJ)$J:ll:YILFgGVHP')'.TO~A1T1'1\;0Ql\1'0t;'CV<;lPDL&Hl\VGNvEJ:-YOiPWOVDPACWCSYX¥1.Nl\ 
GAOGIAOAl'JHEKHA!IT(KPARSBFFN 

S:ii:Q ID iiS PYlllVlite carimxyI8$e 
MI;!CfRTVlfiJQLRLI;GIRI!TSJ:J'.Pl>ASP!iYRR · ~KK¥MVAN1\GB!AIRYl'RACXl!L(l!RT.VAIYSBQ 

~l:ii~!~t1:3:;il~~Zt~$tlf':\?... . . il==iWtiff==~~~~i~=~ 
Bl!LBBNYTRj\;\'S)jp,LAl\i'ONGiU.JlVJ?lWtBKP!tlllBVQ,1'gl)Ql,'Gl'iJLi!lll~!\\l!)P~IQ)l,)UJQKVffl;>,l!,A. 
.AFILp~LR'fRLTSpSVl{L•~'!{QV(i~l\<:P:vBfLYPR!l!JK~X:l,'1,!ll'Y'l'i~IP'-f;l~~!llllTDvDL8ib\iQ!H 
V,SBG!tSLPDLOLRQllNIRINOCA!QCR:VTI'l!DPARSFQPDT.ORIBVFRSGEOM.OlRLDNASAPQGANISP 
HYDSLI;vKVIA.HGKQH!>kA~'.i)~~RAI;AiieiwR.\J'y~tA:lltQN:YL@QQPLAOTvD:rQ~E,l:l~llli~QL 
!U•AQ!'i'RJ>QR'Lbl{XL'C;H:V!.!VNO!iftP,i!'vM's.~S~'lPBJlYl'/\.V~lt)!'Pl'lo)···· , bJI;Llri,llQP;EOI.!i\!lAY:ltJ'!li 
!'OLLU4J)TTFR.l>AHQSLLA'l'R-VR.'.fll);!I;KIUAP'l'\'#J!fill!!~!',SMBN .. •.:.i'lJ<MRf~~Vi:RRLQEL 
RELIPNIPl'QMLI.RqAN,A.V,(:\Y'.\'~l>l'IYVJ\Ig'ql~Ci¥D'.\lf.!\Y!l I,j!J:iMLLl:JME,M:aSf'O(lVV 
llMlSYl'ODVAQl'sRTK:YSliQYY!;l(;lt.ABlil;V~~tJl'HILC'[K'IJ'l'ti\Ot · .. ··• .· 'C'J;M'l,\lSSJ,\]l.D£~pJ,;PLHI 
H'l'HDTSOAGVAAf.!L.';%QAOADV\Ta'VAAOSN!s'GMTSQPSMClALVACTRO))!'~'l'l!Yl'~.R.~YSl!YVlll.O 
.AR(l!>Yj\;.>.F.IlCl'/\.'l'MJCSGNSD~BIPqOQ~sMQ!'§~19'l!g!\17~j()\YV,l\~¥/i91:1LII<;:Y'!'.1'S 
SK!VODLAQP!>!;VQt-!0!$1M~~AQAE,ll4SJIPR.$!YJ'l1LQc:l:Y'mvl'n.c:Jl:J~,I\Jlf!~K\lI;l{l>J,\P.li,VB<JRPl'A 
SJ;PPLDLQAM;lq3LVE!l{Hlflll;'y'1'1'l!DY1'S•)l:MifX'f;J,l)lFAlt!ilGWM:TFGP;LDSLN'l'RiLl'L'QQP:IC!ABEP,BY 
ELBR9.~ .•. ;,,. .. ,. Yt~.·.·.···':i:!$~ .. QV.~ .. l'B-.CN .... o .. 9J~.ff! .... ·.n.,,>rrv··.KD ... • ..... ·.·.·.m.,,:' •. ~ .... ~.·.·.Hffl:p~. KDVl{OQlGAPM!'G:ItY 
lDlK\IVAG"-".vA!CQQ'•"'-•~~''"'"' v•pol'Ml!O.c'~""'""-'"""DDE!LBIE. 

SEQ ID 96 pyrnv11te:dehydivg"'1asekll!11$e. IS<iell1,)'.ntea 
MRWVWP,'f;LKNAsLAOA~KXlE)IFS\(1'$j\Sl'Lsii!KQFt:DloQS$N;<;CEl{TS!'!FLRQEJ;l'VRLAN!J\flO>INL 
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LPD.RV!'STPSVQLY'QS'\VY\1QSLLDJMBJ;LD~l'®!!l!.TLSQ~,(L"1'J~t'JND'V'.VPTMAQ~VUl't~T 
YODJ)PVSNQNIQYFLDRfY~:~~lltMl:;~QlfTLµ>DOSn!~Ali!'KHIO.SIDl1Nt;?NySEVY~AYDMAKL 
_L<::D~Y-Yli!ASPOLEIQBINMNS;Ql\!1,lf\WYYJ'S,W',T>'.f!l\4J;l'l!!;F.KNANIRA'l'Jfl!Sl!J;S:S1£U.!'l!{KVM\lALO 
El!bLSUCMSORGGGVPLRKm1n:F's'rl.!¥S'MP'l'PQPG,TGOTPL:AOl'GYGL!tlSRLYAKYFQGDLQLFSME 
·9flil'DAfux;KALsi'Ds~;.i_WR!tYQif!Qi!'A.qo~~YS - - - - -- - -

.SEQ W 9'1 ~jute:Car)'ierfamUY 10 (~Ueaiidcottai1$j>Ormifanil1¥}; m~er .l 
MB'A_!ffl"AS.APFNF.l'LPpl'Jl;Qit-Rll')'Di:,li~vll;vp.Ml:J'El!\il.,$LGcTMEPSkrKAHt: WK:i>ko4i:.µ; V/;:QyG 
'JMiit;'rAi<VLoxvPRJ,K:NlSAl;AJtvC-Oii'8PGGNLS,1i\i-PSii:AM*di>MmisW.Mn~FCAbGMMi>;LpE'Y) 
YsR-GJi'J?oDLJSI!kV~Y:oKGJYl.,stW'"v1;n'C'tr<i1¥i.if!$Kiu-'Q't:lit!t;li;Y1:f5l:J:¢-JmJt."!-i;:;,$YAVTvMAiNv 
G_KSl?'fFAMTPLLIAT>SSLMl'-!'):OELLGY:VLSA!:il'ilLNi1J(CllR'i"V;!ME'l'GC~Ql::CSTILNYM'PPl!YlO 
PU'FFPLtY'Mll'QiliiiGLLtlAil'W~fdi~~NGiftdm\€8itrA - -- - -

- SEQW!I& Splute Cllrrl~r'.fllililly:tJ (gly~GJ,~p~til'mjliSporter)o:m~mber:4 
}ii\AQGYG¥Y-R1:vJFS<'i!dRQ°Q'\\stY:¥~1{)\:@sPV¥PstVBBIPLDlIDD9Q!\IT~~~*:&;Y':AJ!liq,v~13y,i. 
SJ)Q!'!S,i\~~S,SGRLLYGliYNl)'FAW~~').'.VfV!;'.Mt-ll~Gl;"'Qq~!'C,:(]~Ll\KWJ'B?~Q!'(]~-W:AI 
LSTSM'NLA;(]iJIZOPILA'.l:ILAQ.SYS~sTLALSG)ll,eyvysactLLllWEl'AfllYGLRNLJ)PMPSB(]KKGS , 
UcEll$TLQBt~t-~P'yLW\TLS'J:GyLy\tF,GVK'J:cetJ)W(]Pt!Q8KdQ$;4:L,Vi}SSYM5aji\io(]LVGSIAA 

~~~:,m~g~~~~&~ii~J'&~i!~ii~fi!~=z=:~:::s'4~l~l~¥~ 
M6R'V!il<$\l! 

SEQ.ID '19" stllfotransfei'l!Sl!·famllyi'~o)ic,l!'f,~~f'1 _ 
M!ll,T$Ql:ckqlrw~vscl'itLqPATVbNWSWQS~mPDLl,,lf;TJ'l'~G.l'T\VIQJOl.VJ)MlEQN!Jp\l'.J31( 
·CQ1W1\iI'IRHP~\'fAR&t.~~!<AMl'$l.'llil;KT!((,SJQLL_llf~fflE\'ll:!.c¥;!ll;yVJ.J!l.tf\,K.!J.CMVSY_ 
)l;JIFQ~Dl'G:tW"-"'-r""~r'!"PK.1!'\IWO.SWflO!!YI(tlW'\Vl!MKEIRllQILFj:.FYBQ!KJ(D".!1~K:'/¥Q 
FMGKl(VD!ll'.VLDK1,vQBTSFllKMidiN!iMTNR$'rVsK.srliPQsrosFMRKo:rvoowK:N!IBIVA:Q~RFDEr 
~s!NJ:cMEL - - - - --

sEQ'm100.-aradlldGnate·S-tlwxm~~.-..tingpi:o_tejn 
MDQBTVG!fV\>LLAlYTLISVYQNGtlfAHK~RrQN'.tiJts.i:'Qli.TCiTLAF~'(-1'.'.l'Al\!QN,CVtiA\'1'$FLA ,,_ 
LWSAGLt¢SQY'.PA,AFAGLMYtFVR:QK¥MG:YL(]ERftQS'!'OO\ltiFGK~llt\ltl£11';M~A0ll1NY¥Llail'G SDl'ENY1IO'ISTTIS!lli.IP - - - -

SEQ-DHJll ~"'PJiliSt;liofibosyltmriSferase 
MADSBl,QLV~l\~j\SF!'!'l~PTPGVJFRPISPVLKDPASFAAAIGLl,f.R!'!Lt>,l';:J;;l(](]IJ,JJ?~f\'9LQSRGl'.L 
cPGPSJ;,A:QiitOLGc;NLIRKRGKLJ>()f:\'L,W;ll'.sySLI\YO!<AllLI!!Qj('MU!l'OQil.'VVVVPDLLATGGTMNil-:liC 
I;l;LO!lLQ~qvSLVELTSLKO~Vlll'PS!LQ:Yll 

'SEQJD 102 brainabuOO!m.!rmmih!'8IlealtifolieQ_slgii~l pi'iitebi l. 
MGGKLS~Kk-0-Y.~bilkA\Qi¥JKKi(B!JJ\,A'fBllllQTPJ(E~!lPQ~~l\K9GKEKPDQD,-}BGxAI!il!{B 
v_ ll=/\,tq?,B!\l'Ki\E_ _ P!lKTl\\:l~i!liAAA!;l'l'l;l\Plj(i~Afip(lPA!J-~@~ABAAAAPABS:AAPAAGBE 
PS ____ ~~MQBTKSDGliP/ISDSKP68'$ilAAl'SSKWA_ALEAl'SS~GPAASJ®jpK 
PVBAPMN°"""''''"8 _, - , - - -

$EQ JD to3 peytpher~11*Dzooh\ZliP~ tl!cepwr 
l'VIAP!'WVP~Ofl'(.AP'SLGCFVGSRFVOOEGt.RwYAGi;\(i!KP$WHWWvt91'YWGTLYisAMG.YGSll.YWIQ! 
"LGOF:im:A-WPLGt¥'fu(i1_,~*Wl'PlFFGAR9M<iWALVDLLLYSOAMAfi'}'A\Y'YQYSPLAARLL?.YP't 
L;\WL~CYWRDN!l'.<JWROO!UUJ>E, 
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SEQID 104 carbonyfffilllctase'i 
MSSOIJ'NALVT<J91't~GIGJ;J.WROLCRBFSGDVVL'.i;ARDVTRci.Q:Ai;YQQLQJ.EC)~~!tJ."l\Q!!DIDDCQ$! 
RALRDPLR'1'll:Y®LnVLVNNAil1Af'~ADl\J'l1l'fflQAilVTMK'!'NFRGTRDVqTBJ,DP,µ!(!'QQRv·ltNVSS; 
!MSVl\ALksclt>JiLQQX!'RSBT!'f!lliliJ;y!Jj,t.j~i/JiVJ!PJKKGYHQKl!f.IW.l'ss',tl'Gv:t~oyjVLsitlff~R 
Kl.SEQRKGDKILLNAccPGWYR~Gl'!('ATJCSPBB9ABT;PVYLAf,l,F.Pl),~GQEVSBKRVBQ:W 

BEQID105 ®47an­
J.!WPLVktllit1'GSAccqS.A!l~~~S~NJITVytPCFVT.NMBll:~~~KWl'l<gqJi_o;i;~ 
.ALNKSTYY?DF$SAKIBVS(!LLKGl>AS.!.K¥DK/lPA'{l!!ITGffY'.!'t;l!'l'.'!'BLTlUlGB'fl!BLJCYRVV:SWPSPN 
BN!Lnf>!l'P!~AtLL!!WoQl'c.'JIK!);GJWR$6.G)vlf)l!~TIAl;;tYAGi:,\'JTVTY!Vg'.AlI;;f\'P,Pl!¥S.LK1'lA'TGL. 
·aLl\}T~Tj;!IqLlfYWsT/l.IQC.TSol''\'lAILVl:<,);l'l>\.YlLAVVGl:SLC{J),/l:c!P~HGPLLlSl)t;SII;AI:.. 
AQLLOLVYMKF\'. I.IQ ..• QPP~~ 

~Q!Dl(ll/ <imblglnltom<!kig 
MltA,CeQLLJ!*!l!l£t!'~I\!!LLQ!'J{!l:,AA'AR\>SSAl),()S'APDSPFrS~PL!{i\ifl~f\lj~~~ti!i.~!lfil~)'./1-J!HS~!;! 
PVBKNITLERPS:li'VNL'!iql~l'TT$<lJ?µJ~Y,.)'.l~IqJ.GEQLENN'Yl,VJ)NEGSTliY·TQ'YR1'TH1'tsJ~QM:9~'¥: 
Sc:FFREEKEQRG'i'I!m'KVPl!Ll'fGKN{{l'U$'YVGOS'l\\li;TCKf;QN.el\~~ysSNGSVKVPVGVQMNk'Y 
·\IIN:Qt(ANl\:X:!(LKITQLL;!lEDlill?l'l'fCR!f!2I:<il!ilJl.~¥~.· :lis.Y.tmKeFL;VW./IEVIDLi<il.'rlLL 
CEKYTQKKKKl!S[)E~lllQtKS,_Na..,..,.,,pR!lR~~ 

SEQ lD'i07 mteln hosphawe 1 .riigiifilfo ~libunlt.15A . . . p p . . ' ry .,. .. .. :: ·. . . . . . . .. . . 
),l~OQ)\PHQt;;J:P;\VR[)Wl'Ii!'LSPV!i!GtLSR'AW~R,LR'G'~(l~LBl'W,L'(ll.l>~<j:+&i;Yll/\;Q~l;~)\R,TP,,!;A\ 
PHTPW01t!zyQ1!W[)S.q<IPG~R,\'l1Mll;K.TSS.s:LPlf&WaWDDODG)d\YGEREJl'T$Y:Pl!GQJ;l:S.QpAJ:>GQI\)\ 
PLSPSLUlt'rtQ~l>KNPGBE!('AilijBQY~EBQ.1/ti.!Q!S)'ppS~C(:PA:VEl!El;)DEE'/WK$AHRT$j:SA 
LSP(J!lJQ',STwvs<;PGBBENQATSI)kltTBll~Oi\R:K]sVsl'!!i~~Gl!P!l!{~¥~a.J>A§Bl>!CB.!l$l\Ji~G 
K(ll!~DPQSSt<p•i\:Q~Qb~WY!(:~SDBBE$BY!a'LG'AAj!iff)GE'AJl(:l!l'G!P~i'§AfbJ9\>V'>'1lm1'GE.DT 
BBEEDEEEDE[)l\[)SGS~BEB(lllAJ!ASSs'\'!'A:J'.G.1/1',\;~Y/VY~P(ll:.n'tlil!BEtiBDSMGSAEDl!!\B/'!i;J;{l)\ 
s:rePASAPLKAWY.'llU'GBDTEJlBEDEDYDSl!Di(ED))SEMLl:i.BAESJ:)P·HPSllPAQSAHFRGW:<lYRP-OKBT 
BB .. BEAAB··· . DW.GB.)\j>P.CPP.R·. 'l .. A.Ii'VPGEkP. PPP .. ,WAJiPR.l,;}\tJij;. Qi{~qlµ'i!fil .. TI>. P.)'Dl'.:,1;.',1;,Pl,.~R,.:!C'l!U!SE 
KVTVHJ'LAYV(AQ~)\Q)\)\~QQP·~QURl;lRSJU!A'RRli\.Q,AQEBLSPGL'rl'AARAAAIVARJ:lRNi'P.L.-).l;IPAL 

·TQTLPSSSVPSSP\iQTI'l'LSQAV)i(TPSR,SMJ\A:Mi\lil:l!iSG\lRG 

SEQ:m 108 :N,m"1!l~~te!li!'n~2 . . . . . . 
MAllLQ!!YQITEl!!41L;J'.;.1'Q.Qtf P:i,lA,.~~TH~VE'I!;W; .• TF!'YY(;i?KI'KR'.!¥:AILi'.YailV:<lLi,}Y,klltlif(,!!Jl.'!lQ. 
FBDMQEIIQNFl':RVHV'DAPGMEJlGA.B •.. · .. •J)(,!JtADl\m!C'll<t,Q¥Ll'IFSTIIOYOYGA.OA:YILAR 
Y~NHPA'I;VBOJN£t1'1IDJ'!fA'.kCiY/MDWi( . . . .. ·· L. i'!'.~S:1-~l!l\II1f!HL'J\SQ~~l;;SqNSBLIQi::lffi~HA 

~~~~=~~g=:~~~~i:~its~~gs:=~~~~~~~~i~nri$&~ 
RTMEVSC 

SEQ•Il>Jo9 n011-~lastat1c®l(..l,prok\in·~·i\lq>relimUn. 
'MANCERtFl:AfKPbOV@:OVIGEllK!\l'l!Qi,:~vGLX!'MQ~KEllYVDLKORPFl!AGLV~ 
Grn.'AMYWEOL!i\l:Vkt(:;RVMJ,.~~$KPQTJ!\OD~Q\IQ~GSD$VESAEKJJ!GtWFlll'BBJ,v 
DYJ'$C,\QNWIYE 

SEQ m·no neurql!!h!,~ 
MSERKE.GltGKOKQKK)mqs,a~K)l~f<A.<i~r,i~!;.?PQJ?K~~~M'QSKl:)VLR!ZJlTSS!t'l'S'$LRFJl'.W 
·1'.ilCNO.NELNRKNKP(!l.Ul{lQKKl'(lK(gt;,ITTN~A.$/;A.1)$i;l!l'Y¥.B~V;i$1(;1,plfI!S:AS:~ln\l.ES}{llIIT(l~· 
l\STEOAYVS:SESPIRISVStlllJAfl'.TSSSTS'fS'f1'GTt!.lll>Y]!'.<;i~!!KE:!{'J:~'!l~(lG:f!!::l';l1i!¥.l(iPLS.'N'P,:SRYLC; 
IC 
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SEQ.ID•!l:t i1liials.e\'.fl1.1l\' ®!liltt~PllP~n'(l~n-!ll!il) ~p~1.1rJ . 
.MTPDDLI{{· TY•KD PPE •. NGKKAKG!f: m¥srlv;W:ctA.i.A' .. ,, ;;ilicii(Jt,\'•~'<\it'' M 'Lii' vsm; '' 
1).ANI:ji:Jql~kufo~ls~~QAJIBASRB~LitBMJettA~Ek:SKiq~l'ifu9,;wtQ~LKRn~~ 
s~c;l'ql;)~IWHOBNc;Y1:FSsQSFl'.IW:llKSQ!!!l'.l:+§l:,!lAKil.[KINSTA;DLi!ll'1QQMSYSSPPFwMGLSitRN' 
PSYPW!>W!lDO.SPLMP!!LFR.VllOAV&gn'l'SG:rCA¥1QR<lAV\'.i\EIJl~lc;Q~Q 

SEQ.ID 11-2 'twinfilln,Jlke protem, 
M/\Jll;}fOltf:A!@'EIL!Qla'A:KARA~¥iUiI'K.Vy!JlJ:ii!qLyL<;1ASQJ;l'V~l!;w!lQDY!ll!;~VLPLL0'1>\lQ~:C.1!bL 
YRLl>Sl;lN'll'.QOF.E\WLpLAWSPONSPVJU,KMLYM'IR$.:rYK~\'ffll~!lijl;F,Q~f/J,tSJ'. . · · ,S; 
:c.>¢l!A1iJ;TSAERE"n"IRINBV K'11."TLOOLAl1P . '"'9'Af'""LK"KMV.~ • · ; 
itntt.. v.·:1ttsi"r .. · l).v.iAQt;s!lvllj. · .. · ··111~. · "'~ Q'.ij·• ... •··.·'1¥,.;s~.· ¥. ·. i~. tK.·i!· m ... ·. t'.· . ',t 
tlSV!iQbPllUl!A!l:itillidOOAiitt · . · Jli?QiWKq&fiA: '. OEoat<il'lHlCRtMQP<lSNdl>riS 

SEQ',:l,l) 11,3 s111;lenlll _ 

=~i1W~~~~i~&~. 
YQANSJ>~VOLRFGDQ\ILQJ,Nl;lli!'l~W:SSD~VllJ<Q~Tll!D~~~HVG 

=~=OLL'I'El®PllNGQl:'IV!otKDsQr~~APll'.!ll!irt{ 

SEQ,J;Dllii ~tin,e pro~~ttor1·~ lyPel, 
~iF,ttsALALL'l.LSOm'a~~~~~vteiiENRkRQ'.ts. 
lllQKSGPC 

~ .J:!l 11,S ·~~ ~li,\\)bilnS.•l!\llp®if.g~)8cify'ati)!rfp~olei!li'ela.polypWflde 
MGDRBQLL{lRARLARQA!lR:y,'DDlil.A<S'J:M:K'A~L~itNt.LSVA:YliN.VVO~R~~WRVI$'$jE~T. 
lifADG!'U!l{l{LEKVi{AX\~J'U~Jl.ll{Bl;jj'j'V~LLl>icF,.cl'ifl\!~.0!1<;1;'i'1$Si{VFyLKMKQI)tYl.l\'lJil!Yi\S9 
Elt.KJ)/SVVB/\S.EAAY.Kl;A!1E!$,!q!Q!.iQP'111Piru;;GtA1>NFS'l'l1Y'{BJQNAPJ>Q'AC\;t:MCQAl'DDAIAELDT 
u,¢?S~Qi.j;Rr>1'4LTL~~piJEA(,j)lciN . . . . . . . . . . . . . .. . .. 

SEQJD 11, Sl~"8lciwn;)!~!Qg'prot,e!n A11l 
~~~~~dT!iE:>Li\VJ..MB~QKiiPil;\;VJ?~J;DQCRi:il:iif<iGFQ. 

SEQ!D 117 ilocell't.-ansl~catlon.J!lme'2 
MsH;~\tllli:iMl,~~lf..>;1!'\'l:il't>ss~i1;1{<:1;'1,l~CY~l$~~¥~\i'4#,Ql,l:,\t~HY$W~P~)'$itl~SGYRctRt 
NHKMDPJTSRVl>SQl!'.iLSQl"QLHQLLPSEtTLWVDPY'Eys'f,il'IG!lD'OSJCVLYEl;APtJ'iA.S<;.Q;t:L'l'CKNQ 
VLOORSsps~vss; · · 

SF;QID·.113 S'-p~(!enO)sb'Ie$~,ph~hOSU!f8te,synthase',1 
MEi!>GSLC~N1'fAQN~9~QR','\.'fWf)<C;!AHH\'~RNK:li.GQVV(}1'1IG(lP!\OGfVWl,TG!..Si:1A(l!CnY:S~ 
ALE!lY!,VCHQll'CYTLD.ODNIRQQ_tNKNl;GES~llD~RlAEy~l()L!'.l!"Q4,9,b~~fl'§!~~~JQ!)RN' 

~~R.sl!!~?.· ~!!t.< l')l~~ .. /!P;J,~:\".. . :J!Ji..()_li. .·~~!J?§EY~P.Il:~~m:;,\1;Ji~~g~.!;DY1i ,,.,,.,'<'<, y!lL;JiQERDl •x >~1>'$'f!!V . . . l<f, .. · ltVDMQWVQVUIBG.wiATPLNO 
~itEUMbQGU):lmctt;riq'G~$ . . . f,iFFi KBjtL : .. · AL'!,tyE!Q~it~All:!!N'JiEFFBfll.ll(,J;B. 
RCAl,l(!WG'l'TCKN'l!PYll{M.V}dBQGD\VLl<:i(J/:il,.f?'(l:l)!t'~GµDQ~'l'lttl;Ll«?~l$'.DWJ.!All1/\oll.llAl'fill';; 
RNPVllll!()!VmJ.%if(ll>J'~!q2I;J:;l}RGY~PY,.q;I;cllPMlGW'rI;;l>))py~i;!);l~!'Q:fl~/j;y~yr,,11~.§I 

i~~~~~~~~~~~~~~~~=j>(ilJfrL)l1VPF· 
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SEQ ID 119 biogenesis oflysosome-related organelles complex-1, subunit 2 
MFSKMATYLTGELTATSEDYKLLENMNKLTSLKYLEMKDIAINISRNLKDLNQKYAGLQPYLDQINVIEE 
QVAALEQAAYKLDAYSKKLEAKYKKLEKR 

SEQ ID 120 mouse double minute Z homolog 

MCNTNMSVPTDGA VTTSQJPASEQETL VRPKPLLLKLLKSVGAQKDTYTMKEVLFYLGQYIMTKRL YDEK 

QQHIVYCSNDLLGDLFGVPSFSVKEHRKIYTMIYRNLVVVNQQESSDSGTSVSENRCHLEGGSDQKDLVQ 
F.LQF.EKPSSSHI.VSRPSTSSRRRAJSETEENSDELSGERQRKRHKSDSISLSFDESLALCVIREICCERS 
SSSESTGTPSNPDLDAGVSEHSGDWLDQDSVSDQFSVEFEVBSLDSEDYSLSEEGQELSDEDDBVYQVTV 

YQAGBSDTDSFEEDPBISLADYWKCTSCNEMNPPLPSHCNRCWALRBNWLPEDK;GKDKGBISBKAKLBNS 
TQABEGFDVPDCKKTIVNDSRESCVEENDDKITQASQSQESEDYSQPSTSSSIIYSSQEDVKBFERBETQ 
DKllllSYllSSLPLNA!BPCV!CQORPKNOCIYHOKTOHLMAC!'TCAKKLKKRNKPCPVCRQPIQMIVLTYF 
p 
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