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using a filter paper. Caffeine content in the extract was determined by HPLC. Caffeine
content in soft drinks listed in Table 6.4 is based on the label in the can. The caffeine
content of the soft drinks were also determined by HPLC. The caffeine content on the

label and that determined by HPLC were close, but not exact.

Table 6.4. Cdh-based caffeine diagnostic test validation using various caffeinated and
non-caffeinated beverages.

@ Powdered coffee either from Dunkin Donut or Folgers do not have manufacturer
specified caffeine content in the label. ® Caffeine values reported for coffee is based on
brewing methods described below followed by analysis with HPLC. Caffeine content
determination by HPLC was done in triplicate and reported as average + standard
deviations. ¥ For soft drinks, caffeine content is based on manufacturers’ specifications
and HPLC analysis.

Beverages listed in Table 6.4 were analyzed for caffeine using the Cdh-based

diagnostic test. The objective here was qualitative; to validate the diagnostic test to
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differentiate between presence, absence and low level of caffeine in decaffeinated coffee.
The fact that many of these beverages have a background color is also a challenge; the
color formation with caffeine should still be readily differentiable relative to background.
The results with the coffee types were very clear. There was intense color produced with
caffeinated and 50% decaffeinated coffee (Table 6.4). In contrast, there was very light
color with decaffeinated coffee (~20 ppm caffeine). The background color of the coffee
extracts did not interfere with Cdh-based diagnostic test in terms of clearly and instantly
differentiating caffeinated coffee from decaffeinated. Interestingly, the color is slightly
lighter in 50% decaffeinated coffee (330 ppm caffeine) relative to regular (600 ppm
caffeine).

Likewise, the diagnostic test instantly and readily differentiated the caffeinated
beverages from caffeine-free beverages. These beverages, which also contain other
ingredients in the form of natural (milk and/or sugar) and artificial chemicals, coloring
agents, etc., did not interfere with the test. This test further affirmed that the Cdh-based
caffeine diagnostic test is indeed robust and can be used to quickly differentiate
caffeinated drinks from decaffeinated or non-caffeinated counterparts. This test could be
very useful to avoid mix-ups in restaurants and other outlets where all these beverages are

served extensively in non-labelled cups.

Validation Test I1I: Rapid Determination of Unsafe Levels of Caffeine in Nursing

Mother’s Milk

The importance of caffeine restriction for pregnant woman and infants was well

documented in the beginning of this chapter. Possible teratogenic effects of excess
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6.5) were colorimetric tests that met most of the required attributes, except sensitivity.
While the sensitivity of the anti-caffeine MAb-based method was found to be about 124
ppm (D+caf manual), the sensitivity of enzyme-based method was not reported. In
addition, the other notable drawbacks of these methods are (i) the enzyme-based method
used xanthine oxidase (which is not a caffeine specific enzyme) and (ii) the antibody-
based method (which is the only method that had resulted in development of a
commercial caffeine test strip called D+caf) was unable to measure caffeine in milk and
sugared beverages. Thus, neither of these methods found commercial success in the form
of a caffeine diagnostic test.

In contrast, the presently developed Cdh-based caffeine diagnostic test meets all
the requirements for various applications. Cdh has high specificity for caffeine [Yu et
al., 2008], unlike xanthine oxidase. The sensitivity for caffeine detection by Cdh is 1
ppm, and is highly suitable for detection of caffeine in nursing mother’s milk. This test
can, within one minute, diagnose the safe and unsafe levels of caffeine in mother’s milk
to make a decision with respect to feeding the infant (Fig. 6.5). The complex biological
components, including metal ions and immunoglobulins, do not interfere with the Cdh-
based diagnostic test (Fig. 6.5). The diagnostic test is also applicable for hot or cold
beverages to detect the caffeine level and differentiate decaffeinated products (Table 6.4).
Again, this will be very useful for pregnant women, where FDA limits safe level of
caffeine to 400 ppm/day. The Cdh-based caffeine diagnostic test is rapid (takes less than
a minute to develop color). The test successfully detected caffeine in the formulations of
several drugs; the caffeine level matched that determined by HPLC (Table 6.3). Again,

the formulation components in the drug did not interfere with the test. The Cdh-based
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diagnostic test is robust and versatile in terms of applications for various purposes. It can

be used for qualitative tests (Yes/No caffeine levels, Safe/Unsafe caffeine levels) and for

quality control tests for caffeine in drug formulations. Complex and expensive HPLC

procedures are not needed on a routine basis.

The Cdh-diagnostic test needs further development to make it a commercial kit.

These include, but not limited to, the following:

1.

Development of a dip stick method by immobilizing Cdh and INT dye on

a test strip.

Determination of shelf-life of Cdh and dye at various temperatures.

Formulation of Cdh for appropriate activity levels due to

a. Shelf-life activity loss,

b. pH of test samples,

c. Presence of inhibitory compounds in test samples.

Other quality control issues to optimize the diagnostic assay for quick
visual analysis (< 1 min) with various caffeinated beverages, especially

nursing mother’s milk.

Production of a reliable reference color-chart to facilitate the semi-

quantitative caffeine determination (1-100 ppm)

Potential extension of this diagnostic test to other applications like

environmental sampling (required sensitivity 1 ppb).
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Recently, caffeine has been designated as a marker of ground water pollution due
to urbanization [Seiler et al., 1999; Buerge et al., 2003; Dhaneswar et al., 2012].
Pollution of ground and surface water by man-made chemicals like DTT, Atrazine and
other pesticides have always been a serious issue for the last few decades mostly due to
their excessive use in farming and their gradual leaching from farm lands to nearby water
bodies. In recent years, studies have shown that not only farmlands, but also big cities
can contribute to surface and ground water pollution. For example, highly populated
urban areas generate a lot of polluted water, which are either wastewater from daily
human activities or water seeping from landfills [Buerge et al., 2003]. The polluted
water contains high levels of unnatural chemicals such as pharmaceuticals [Seiler et al.,
1999], which are typical to polluted water originating from urban sources and are highly
toxic to marine life of nearby water bodies even in minute quantities. Interestingly, it
was found that caffeine is also found in these polluted waters coming from urban areas
[Dhaneswar et al., 2012].

Researchers currently believe that if a quick test can detect the presence of
unnatural levels of caffeine in water bodies connected to urban areas, then pollution of
these water bodies can be checked actively and in a preventive way before any
destruction to ecosystem [Buerge et al., 2003; Dhaneswar et al., 2012]. However, the
level of caffeine in these polluted water samples is at parts-per-billion level (ppb). Our
currently developed Cdh-based caffeine detection test is about a 100-fold less sensitive

(detection to 1 ppm level). Another future application of Cdh-based caffeine diagnostic
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test is to make it more sensitive by amplification of caffeine detection signal to ppb. This

will open up a whole new environmental application for pollution control.

Summary and Conclusion

FDA characterizes caffeine as a psychoactive drug. Excessive consumption of
this substance is not encouraged; for specific age or health groups like infants, seniors,
pregnant-women and nursing mothers, FDA recommends restriction of caffeine
consumption. This led us to develop a rapid diagnostic test for caffeine detection that is
also portable. This will enable rapid testing of caffeine levels in various beverages by the
age or health groups with caffeine-restricted diet, to make proper decisions. This test will
be particularly useful for pregnant women and nursing mothers who are severely caffeine
restricted because its presence even in minute amounts in blood or milk might result in
possible teratogenic effects on growing fetus or on the breast feeding infant.

The presently developed caffeine diagnostic test is based on colorimetry, using
caffeine dehydrogenase (Cdh) and a tetrazolium dye (INT). Partially purified Cdh from
Pseudomonas sp. strain CBB1 was used for the test, which has suitable properties like
thermostability and high specificity for caffeine. Of the various tetrazolium dyes tested,
INT was the best with no background color and readily recognizable intense red color at
various caffeine concentrations. The test was developed with the following attributes:
enzyme load (20 U Cdh), dye load (0.5 mM INT), time for color development (< 1
minute), color range to detect caffeine (no color in absence of caffeine, light pink at 1
ppm to shades of red at increasing levels of caffeine with color saturation at > 100 ppm).

The test was also validated with the following commercial products containing caffeine:
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pharmaceuticals (semi-quantitative), beverages (coffee and soft drinks), and milk
(commercial and nursing mother’s milk spiked with caffeine).

There are several caffeine diagnostic methods described in literature such as
bacterial cell based, membrane based, fluorescent dye based, enzyme based, and antibody
based (D+caf). None of these methods meet all the desired attributes required for a
suitable caffeine diagnostic test, e.g., being portable, rapid, and sensitive at ppm level.
The presently developed Cdh based diagnostic test fits all the required attributes. Our
future plan is to develop this into a dip stick test for general public use and industrial use,
such as in a pharmaceutical quality control laboratory. If the sensitivity of the test can be
increased about 100-fold then the application can be extended to detect ppb levels of
caffeine in environment water samples. Caffeine is recognized as a marker for human

pollution activities due to its extensive use and consequent release into the environment.
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CHAPTER 7
SUMMARY OF COMPLETED RESEARCH AND SUGGESTIONS
FOR FUTURE WORK

Soil bacterium Pseudomonas sp. CBBL1 is capable of growing on caffeine as a
sole source of carbon and nitrogen. CBB1 degrades caffeine via the C-8 oxidation
pathway, where caffeine gets converted to TMU. Previously, a novel caffeine
dehydrogenase was shown to catalyze this conversion. However, little was known about
the cofactor content of this heterotrimeric enzyme or the fate of TMU. In the present
work, based on sequence homology of cdhA,B,C (Cdh genes located on 25.2-kb caffeine
gene cluster from CBB1) CdhA was identified as carrying a Molybdopterin cofactor,
while CdhB and CdhC as FAD and iron—sulfur cluster-containing, respectively.

Secondly, a new FAD-containing NADH-dependent trimethyluric acid
monooxygenase (TmuM) was purified from CBB1, which oxidized TMU to TM-HIU.
TM-HIU was found to be unstable and spontaneously degraded to TMA. Subsequently,
TMA was isolated, purified and fully characterized with respect to structure and
molecular properties. The compound formed spontaneously was racemic. In contrast, a
time-course reaction showed that TMA formed from TM-HIU was 93% enriched with
one of the enantiomers (proposed to be S-(+)-TMA based on uric acid metabolism),
which racemized over time. This is the first report of the enzymology of the caffeine C-8
oxidation pathway beyond TMU, to TM-HIU and then to S-(+)-TMA via TM-OHCU.
TM-HIU was identified as a transient product while TM-OHCU (unstable) was proposed

based on similarity to uric acid pathway. None of the metabolites downstream of TMU



157

are available commercially. The present work has opened a very interesting area for
future research in terms of stabilizing TM-HIU by derivatization and further structural
characterization. Likewise for TM-OHCU and S-(+)-TMA.

Biochemical characterization of TmuM suggested that it is a single subunit
protein with an apparent molecular weight of ~43-kDa, and contains 1 molecule of FAD
bound non-covalently/subunit. TmuM was found to be oxygen dependent, and highly
specific for methyluric acids; the enzyme had no activity on uric acid. An homology
model of TmuM indicated that the active site of TmuM is larger and more hydrophobic
than to the analogous FAD-containing urate oxidase/monooxygenase (HpxO). Future
work on the crystal structure of TmuM can offer further insight into the catalytic
mechanism and specificity of this enzyme, compared to HpxO [Hicks et al., 2013].

To further delineate the enzymatic conversion of TM-HIU to TMA and beyond, a
25.2-kb caffeine gene cluster was sequenced from a CBB1 genomic library. Three new
genes, tmuH, tmuD, and orfl were identified as encoding TM-HIU hydrolase (converts
TM-HIU to TM-OHCU), TM-OHCU decarboxylase (converts TM-OHCU to S-(+)-
TMA) and trimethylallantoinase (converts S-(+)-TMA to TMAA), respectively. Further,
gene cluster analysis revealed orf2 and orf3, which are proposed to encode hydrolase and
deacetylase type enzymes involved in TMAA catabolism. Gene cluster analysis helped
in refining the entire C-8 oxidation pathway in CBB1. Any clarity on the biochemistry of
formation and metabolism of S-(+)-TMA will come from functional expression of these
putative genes along with chemical characterization of S-(+)-TMA. This future work can
lead to:

. Confirmation of functional assignments of tmuH, D and orf1-3
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1. Biochemical characterization of the above enzymes,

Il. Structural and mechanistic studies of the gene products, and its
differentiation from the uric acid pathway enzymes, HIU hydrolase [French et al., 2010]
and OHCU decarboxylase [French et al., 2011].

V. Identification of metabolites and the reaction sequence by NMR.

One of the genes missing in the 25.2 Kb caffeine gene cluster is trimethylallantoin
racemase. This is another interesting extension of the present research. Comparative
geneomic and proteomic analysis of CBB1 with the organisms that elaborate the uric acid
pathway can elucidate details about these missing genes/enzymes. ldentification of the
terminal metabolites of the C-8 oxidation pathway namely, glyoxylate and di-and
monomethylurea is also a rich area of future research (possibly via in situ NMR).

Finally, Cdh was found to be ideally suited for development of a dip- stick
caffeine diagnostic test. The enzyme suitability was validated with respect to attributes
such as speed of caffeine diagnosis (<1 min), dye choice (INT), sensitivity (1 ppm), semi-
quantitation of caffeine in drug formulations, differentiation of decaffeinated beverages
and detection of caffeine in nursing mother’s milk. This work needs to be extended to
develop a commercial test strip with Cdh and INT. Complete validation of the diagnostic
strip with respect to shelf-life, formulations, loss in activity due to pH variation,
inhibitory compounds, etc., must be done before commercialization. If the sensitivity of
the test can be increased about 100-fold then the application can be extended to detect
ppb levels of caffeine in environment water samples. This would be a valuable tool for

environmental applications since caffeine is a marker for human pollution activity.
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STRAINS, PLASMIDS AND PRIMERS USED IN THIS STUDY

Table Al. A complete list of all the strains and plasmids used in this study.

Bacterial strains

Relevant characteristics

Source or
reference(s)

Library Production Kit

E. coli
DH5a. A(lacZYA-argF)U169 hsdR17 relAl supE44  Life technologies,
endAl recAl thi gyrA96 #80dlacZAM15 Gaithersburg, Md.
BL21(DE3) F- ompT hsdSB (rB-mB-) gal dcm (DE3) Invitrogen
EPI300™-T1R Epicentre.
Pseudomonas sp.  Caffeine-degrading strain Yuetal., 2008
Strain CBB1
Plasmids Relevant characteristics Source or
reference(s)
pMVS848a Ap", tmuMO (encoding the trimethyluric This study
acid monooxygenase ) under the control of
the T7 promoter of pET32a
pET32a Ap', T7 expression vector Novagen.
pSC-B-amp/kan  Cloning vector in StrataClone Blunt PCR Agilent
Cloning Kit Technologies
pMVS848 Cm', pCC2FOS containing cdhABC gene This study
encoding caffeine dehydrogenase and
tmuMO encoding the trimethyluric acid
monooxygenase from Pseudomonas sp.
CBB1
pCC2FOS™ Vector in CopyControl™ HTP Fosmid Epicentre.

Ap', ampicillin resistance; Cm', Chloramphenicol resistance.
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Table A2. A complete list of all the primers used in this study and their sequences.
Sequences are listed from 5’ to 3’ end of each primer.

tmuMO-degR1
tmuMO-degR2

Primer Name DNA sequence (5'-Nx-3") Comment
(restriction enzyme sites are underlined)
tmuMO-degF1 5- AARATHGGNGCNGAYGTNAC-3’
tmuMO-degF2  5'- ATHGGNGCNGGNATHGGNGGN-3'  Dedenerate
forward and

5'- NGGRTGNGCNGCRTCNCC-3'
5'- NCCRTCNGCNGCDATNARRTA-3'

reverse primers
for tmuM studies

tmuMO-upl
tmuMO-up?2
tmuMO-downl
tmuMO-down2

5'- CGACATTTCGCGTATCACACG -3
5'- CAGTCGGTCAGTTCCTCCGGT -3
5'- TCGCGCCTCGATCCGGCCCTG -3’
5'-TCCTTTGGCTTGAACCTGACC -3

Specific forward
and reverse
primers for
sequencing
flanking sequences
of tmuM

tmuMO-F-Ndel 5-GTGCCGCATATGAGCCGTCCG-3’ Specific forward
. . and reverse

tmuMO-R-Not| 5'- ACCATGCGGCCGCGAAGCCAG -3 primers used for
tmuM cloning

Cdh-AF1 5-ATGTTCGCSGAYATHAAYAARGG-3'

Cdh-AF2 5-ATGTTTGCWGAYATHAAYAARGG-3'  Degenerate
forward and

Cdh-AR1 5-CCYTTRTTDATRTCSGCGAACAT-3 reverse primers
for cdhA studies

Cdh-AR2 5-CCYTTRTTDATRTCSGCGAACAT-3'

ACF 5'- GGCGAGAACTTGAATGTC-3' Primers used to
screen the CBB1

ACR 5-TCCGGCAGCTCGATGATT-3

genomic library
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DNA SEQUENCE OF CAFFEINE GENE CLUSTER IN CBB1

DNA Sequence

The complete DNA sequence of the caffeine gene cluster (25.2-kb) containing the

genes responsible for caffeine transformation in Pseudomonas sp. strain CBB1. A

physical map of this gDNA segment of strain CBB1 containing caffeine gene cluster is

illustrated in Figure 5.2 of Chapter-5. For better visualization, start and stop codons have

been bolded, and the corresponding open reading frames are italicized.

Table B1. Predicted genes using the GeneMark Program of DNASTAR software.

Gene Strand LeftEnd RightEnd Gene Length (bp)
orf-1 + 138 329 192
orf-2 (tmuH) - 468 812 345
orf-3 (tmuD) - 812 1687 876
orf-4 + 2421 3341 921
orf-5 (tmuM) + 3364 4554 1191
orf-6 + 4551 5228 678
orf-7 + 5225 6358 1134
orf-8 + 7903 9474 1572
orf-9 + 9471 10562 1092
orf-10 + 10572 11495 924
orf-11 + 11533 12612 1080
orf-12 + 12768 13577 810
orf-13 (cdhA) + 14359 16734 2376
orf-14 (cdhB) + 16725 17618 894
orf-15 (cdhC) + 17623 18126 504
orf-16 + 18123 18572 450
orf-17 - 18559 18879 321
orf-18 (orfl) + 19308 20708 1401
orf-19 (orf2) + 20736 21536 801
orf-20 (orf3) + 21910 23199 1290
orf-21 + 23347 24378 1032
orf-22 + 24409 24663 255
orf-23 + 24729 >25232 504
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GACGATCATGTGACGTTTTCTTCGAACTCAACGTCCAGCCGCGCGCGTCAAA
GTGCCGGATCGGCGCATGGCGCATTCGCGTCCAAGGCAAGGCGCAAGGCAG
AGCCCAGCAATGATGCCCATATCTGGCGCCGCCGATGCCGGGTGTCGTCTCGA
CGCTCGCCGTCGCGGCCGGCCAGCCCATCAAGGCCGGCGACGTGCTGCTGTCGA
TCGAGGCGATGAAGATGGAAACCGCACTGCACGCCGAGCGCGACGGCACGATCG
CCGAAGTGCTGGTGCGCGCCGGCGACCAGATCGACGCCAAGGACCTGCTGGTCG
TCTACGGCTGAGGCCGATGTTGGCTAAGCTGGGCCAAAGTTACGCGATCGGC
ACAGCATCAATCAAACAATCGCCTGAAGAGATTACCTGGACGACTTTTGGCC
GCCAGCCCGTCACCGCGAAACGCTTCGTGTAGGCAAAGCAAATCATCAAGTC
CCCATGTAGCTTTGATATCCCCACGGTGCCACAACTAGGGGTACGTGATGGTGTAC
ATGGGTACTGACAATCTTGAACCGCACTGGCACGAGTTCGAAGAACGTGGCGTCG
GTGCCACCGCGGCGAAAATAATCCTTTACATGGAACATCAACTCGAATGTTCCTGA
CATCATATCTGATGAGGTGAGAACCGGTTCGTCGGTCCGACCCTCGGCATTGGTG
AAGAGTGTCTTCAAGTGAAACTTATCTGTGCCGTCCAGGCGCAAGAAATCGATCCG
CATGCCGCCGCCCGGGATACCATTCATTATGTCGAGTACGTGTACGGTCAAACCA
GCCATTAACGGACATCCTCGCGTGTTGGCCCGGAAGCGAGCGCCGGAATGCCG
CCCTTGTAAACTGAAAAGGCATAGCGCCCTACAATAAGTGGGATATGGTAATTCTG
GTAGGGATCATCGACCTCGAACAACACGGGTATCACGTCAATAAACGTGCTGGGA
GTGCCGTGCTCGGCGAGATATGCTCCAGCCTGCAGGATCATCTGGTAACGGCCCG
GCCGCATTTCCTCGGCGTCAAGCAGTTGGGCGCGGCCGACTTCATCTGTCGTCAC
CCTTGCGACTGTCGTGTATCCGCCACCTTCGAACCGCTGCAATTCGATCACCATTC
CCTGCGCACCACCGGCATTGCCGCTGTCGAGGACATGGGTCGAGATTGCGCGGC
GTGTCCTCTGGCTCTCCCTAACCCGTTCGCGCAACCGGCGCTCCGTAATCTGCCC
GACCTGTTCGATGCAATTTTCGATCTCGGTCTGACGGTCGTTCAACAGACGCCGCC
TGTGTTCGGCAACAACGGTGTCGCGCTTTACGTGAAGCCGCAAGCATATCATGCAA
GGGAAGCCAAATTTCTCGTCGTAAAGACGGTTAAGCTCCGTCATCTCCGAGAATTC
TGCCTCGCTGAGGCGATCGAGGCCGAGCCGGCTTTGTTCTGAACTAGAATCGGGT
GTCATTTCACCAGCACGCGCCTCGCGGCCGCCGAGTTCTGGATGCCCCCGCAGA
AGGCCCACCTTTTCACTTTCGTCGCATCGTCGCACCACATCCATCATCTTTCGATG
CATTTCATACACCGATGCGAACGGACGGCTAAGACAAGCCCGCTCAGCCACCCAG
GGAGCATGCTCGAAAATGCCTCCGAATACATCAACAAATTCGCGCAAAGTCATTC
GATTGACCTGGTCAATATCCACGGTTCACCTCATTCGCACATACTAGGATGCC
GGCTTCCATCCGGAGATCGGCGGTCAAGATCTGTAATTATAAGTATTAAATTA
TACGATTAAAAAATAACGAATAATTATTGCACAAATATTTAGCATATAATCA
TTAATTTATCTTAATAAAATACCAGTTATTGCATGCTAATTGTGATTGGGTAG
TAGATATTCCATCAAGCAAAGGTCAATCGATATGCTCGCACTGTTGTCGATCC
CGTGTGATCTGAGGTCCTACCGCTTGCCGGGTTCGTCTCGTCGCCGTCGCTCA
CACATCCGATGATGTTGGCTGCTTCAGCCCAGGTTCCGGAGACCTGGCCAGC
GCAAAGGGGAATGCTGGCTACTGTTTCAATTTTGGGCCTCTCTCCATCGTGGC
GCTGGCGCCTTCACCAAACCATACATGAGGAACGCCAATAGTCAAACCTGTA
TGATAGCTATTGACACGCTGAGCCCTGTATGACAGCTATTCCATGCTAACGAA
GGGGCACGCGAGGAGGGATATGGCCTTTTCGCAATAGCGAGAAACGCGTCG
ATCGCGACTATCTGATAGTGGGGCATTTGGTCGGTCGCGGGAAGGGTCACGC
CATGCGTCCCTGAACATGCGAAGTTCACAGGCCGGGGTGCTTTTAGACGTGA
ACAACGTGAAAGCATTGTTTCAACAAAGAACAGGTTGAGCTGCGAGGGAAT
GGGTCAAATGAATGGGAACCATCCGCAAAAGGACAGGAATTATCGCGGGTACGGC
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CGTCACGCTCCCCGCGTCTTTTGGCCCGGAGGCGCTCGGGTAGCAGTGAACATC
CAGGTCAACTACGAAGAGGGGGCCGAGTATTCATACGCTCGCGATGGTCGCAACG
AGGGTGCCGGTGAATTCCTTGGCTCTCTGTCTGGCATAGCCGATCGGTCGGTAGA
GTCGGCGTTCGAATATGGGAGCCGAGCGGGCTTCTGGCGCTTGGCGCGGTTGCT
TGATGAATACAGGATTCAGGCAACAGTAAATGCCTGTGCAGTGGCGGTCGAGCGC
AACTTGGAGGTTGGCGACTACCTGCGCGAGGCCAAGCATGAGATTGCCTGCCACG
GGTACCGCTTTGAGGAAGTTTGGAACCTGACGCGGGAGGAGGAACGCCAGCGGA
TACACGCCGCCATCGAGTCGCTGACCAAAACCTGCGGCGAACGGCCGGTTGGCT
GGATATCGCGGTTGATGTCCTCTGACAACACCCGCGAACTGTTGGTGGAGGAGGG
TGGATTCCTATACGACTCGGACGCCCTTAATGACGATCTGCCCTATTTCGTTGATGT
TTCCAACAAGCCACATTTGGTCGTGCCGCTGTCGTTCACCTACAATGACGGCCGCT
TTATCATGGGCGGCTGCGACGATCCGGCGGCTTTCGCTCAATATTGTTGTGGTGC
GCTGGACGAACTTCGGCGCGAAGGCATTACGCATCCGAAAATGATGACCGTCAGC
CTGCATCCGCGGATCATTGGACAGGCAGGAAGGATTGTGGCGTTGCGGCGGTTCA
TTGAGCATGCGTCGGAAGCCGGAGACGTATGGTTCGCGCGGCGTTCTGACATCGC
GCAGTGGTGGATTGATCATCATAAGGAATTTGCATCATGAAATCTCAGAAGGAGT
GCCGGTTATGAGCCGTCCGCTTCGTGTAACGATAATTGGCGCAGGAATTGGCGG
CCTCAGCGCCGCCGTTGCGCTACGCAAGATCGGCGCTGACGTCACCGTCGTTGA
GCGGGCGCCTGAACTGCGGGCTGCTGGTGCAGGAATATGCATGTGGCCGAATGG
AGCGCAGGCATTACATGCGCTTGGCATTGCTAATCCCCTCGAGATGGTCAGCCCG
ATATTGCATCGGGTCTGCTATCGCGACCAGCACGGTCGTGTGATACGCGAAATGT
CCATCGACAAACTCACTGAGCTTGTCGGGCAGCGTCCGTTTCCGCTTGCGCGGTC
CGATCTGCAGGCAGCATTACTGTCGCGCCTCGATCCGGCCCTGGTGCGACTGGG
GGGCGCCTGCGTGAGCGTAGAGCAGGATGCAAACGGTGTCCGCGCTGTCTTGGA
TGATGGCACCGAGATCGCTTCCGACCTGTTGGTGGGCGCGGATGGTATCCGCTCA
GTAGTCCGAAACCACGTTACCGGAGGAACTGACCGACTGCGCTATCATTATACGAC
TTGGCTCGGTCTCGTCTCCTTTGGCTTGAACCTGACCCCGCCCGGTACCTTCACTT
TCCATGTTCAGGATTCCAAACGCGTGGGTCTGCTAAACGTGGGAGACGACAGGCT
CTACTTTTTCTTCGACGCCGTTCCGAGCGGCGAGGCCAATCCCGATGGCGTGCGG
GCAGAACTTCGGCATCATTTTGATGGATGGTGTTCTGAAGTAACAACTCTTGTGGA
AGCCCTCGACGAGGCGAAAACGAACAGGCTGCCCGTGCATGACCTCGACCCTTTA
GCGTCATTCGTGAACGGACGCATTGTTCTGATTGGCGATGCCGCGCACGCCACGA
CGCCAACCTTGGGGCAAGGCGGTGCGTTGGCTATGGAAGACTCACTCGTACTGGC
TCGCCATCTAGCCGAAAGCACCGATTATGGGAGCGCGCTCGCCAGTTACGATAAC
GAGCGTTTAATGCGAACACGCCAGGTTGTTCTTGCATCACGTGCCCGTACGGCGG
CGACGCTCGGAATTGACAACACCTCGGCACAGACTTGGCAGAAGCAGTTGACCGA
CGACGCCAGCCAAGATTTTCTGGAGCAACTCGTGGATATCCATCGCGCTGGCCCG
CTGGCAGCCTGGCCGCATGATCGCCAAGAGGGCGTAGCAACATGACTCATTCGT
TGATTGTATCTGTCGACGTTATAACCCAGCACCGGCCGGCGTTTGAAGAATGGTTG
CGATCTTCTTTCCTTGCCGCGACGGGAGTGCCCGGCGTAGCCGCAGATCCGGTGT
GTTTCCGAGGCATGCGCGTCGAGACGCGTTACCGTACCTATCAGCCAACTCCATC
TTACATTGTAATTTTCCAACTCGAGGGTGATCCGGCTGAAGTGACTGGTGCCAAGG
CTTTTTCCGACTGGTGGACCAAAGGCGTCGCAGCGCGGTTCGAATGGGTTGAAAA
GCAAAGTTGGGTCGTCGCTGAGTTAGTCTCCGGCCCGCCGCCGCCTTTCGACTAC
TCCCGTGTGCTGTTTACCCAGGTCGATCTCAGACCAGCGCATCAGAGTGGTTGGG
CCCGCTGGTATGACGAGGTTCATATTCCCCAATCACGGCTTGTCCCAGGAATGTTC
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CGTGCGGAAAACCGACGCTTTGCGGCGGTCGAGATCGCCACGGCACGTTGGCAT
TGTTCGGCCAAACCGTCTTTCATACATTTGGTGCCTATCGAGGATAGTGCCGATAT
CGTGCAGGGAGCTGCTACGCCGGAATTTCTTGCCTTGATCGCAGATACCCAAGCA
CAGTGGGCCGGCGCCCTTGAAAGCGCTGCGTCGACACTCTGCGAGCGGTTTCGA
TGAGCCGCTCCGGCAAACTCATCGTTGTCGGAGACGTTGTCCCAACCCGAGCACT
GCCAAGCGACTGGCACCCGTTCGGCGAGGCGGACTTCGTGTTTGGTGACCTTGA
GGTCCCGCTAACTGAACGCGGACTGCGCTGGGACAAGCCGGTCTCCTACCGCGC
GGCTCCAGACCGAGCTCGCGAACTGGCTGGTGTCGGCTTCGGCCTGGTAAGCCT
AGCCAACAATCAAGCAATGAACTATGGCCGCACCGGCCTAGTCGATACGATCACT
GCTCTTGATCAAGCCGGGGTGCCATTTATTGGTGCTGGGCCTGACCTGGAGGCAG
CGCTGAAACCTCACATCACCGAGTTGGGCGGTAAGAGGATCGCCTTTATCGGGCT
CACCTGCGTAGCCCCACGGCACTGGGACGCGGGTGCAGATCGCAGCGGLTTGGC
TGTGCTCCGACCTCGCCAAGCGGCCGAAATCGACCCCGCCTGGGCTGCTGAGGA
ACCGGGTGTTGCTCCGACCGTGCATACCTGGCTCGATGACGATGCACTCGCTCGT
GCCGCGGCTGCTGTTCAACGGGCGCTGGAGCACGCAGATCTGGTGGTGGCGGCC
GTCCATTGGGGCGTTGGGTCCAGCTATCAAATCACGGGCTACCAGCGTCAGCTTG
GCCATGCGCTGCTCAATGCCGGGGCGGCTCTTGTGCTTGGCTCGCACCCGCCTC
CTCTGCAGGGGTTCGAACGAACGAATGCTGGGCTGATATCCTACAGTCTGGGCAC
CTTCATCCGCCAACAGCCGCAAGAGGGAGTTGGACTGGCGCTCAGCGCGGCATAT
TCTAGGATGCCGCGAGAATCGGCAATTCTTGAACTGACTGTCAAAGGCGGCCGGT
TCAGTGAGGCGCACGTTCACCCTGCGGTACTGGACGACGACGGAATTGCTCGCCA
GGTCAGCGGCGAACGGGCACGACGCATAATCCGAACCATCCTTGATCGTTCTACA
GGGCTAATTCCTAACCCGGCACAAGGGGAAGAGCCGGAAACCTTGACCATCCATC
TGGACAATGAGTTCGCCACCGGATCGGATCGACCATCGGATGGAAGTATGGTGCC
ATCCGGACCGGAGGTCGCCGCGCGCCAAGGTCCCCGATAGCGCTGTCAACAAT
TGGTCTGATCGACCATCGCTCGTCAATGACCGGCTACCGGAGGGGCGAGTCG
GAGGCAGAGGCTCTAAAAGTTGAGTTCGGCGGGGCTACCTGCAGCTTAAGAG
TGATCGAAATACCGCTCGTCTTCGATACGAATGATCGCCTCAGCGGTATGCTT
GCAGGAGCCGCAGGCAGCTACCTCAGCTTGTCGCGACGCGCGACAGCGCCAG
GGTTGGCGGCCTTCGACCGTTTTCGAAGCTGGCGTAAAAGTGCCTGCTATCGT
GGATAGTAGCCATGAGATTTCCCATGGATTGAAGTCGCTCGCCACCGCCCTTG
GTGTATAGGTGCTGGCAAGCTGAACAGTGGGCACTGGTCGCCGGCAGCGCTT
CGCATCGGTTTGTAGTGTCAATCCCACCGGCCCGCGTCATTGTCTACGACGCC
CTCTTTACGATTGGCGGTGGGCGCTGACGTCTTCACCTGTTCCGCATACCAAA
GGCAGGCTCATTGCATTTGTTCGTTCTCGGGGATCGCGAGGCAATTGGCGGTG
ATACAGCGAAGGTTCGGTCCATTGTCAGCCGGCGGCCTTTGGATGGTGTAAG
AGCCGCTGTCCGCTTGATGTATTATGCTCCATCAGACCGCCCCTGGGLGLGLCC
CGACGTAGAGAGGACGTGAGGTAGTCTCTCCTGATGGCGCCGAGGATTTTAG
AGTTCGAGGAAGGCTGCAAACTGGGTATCGCGACCACCTAACGAAAGGTGG
GTCTTCGAGCTGGATTCGTTTCTTCATCGTCTGGCGCCAGCGTTCGATCTTGCC
CTACGTCTTAGGGTGACTGGCATCCGCAATGAGCCTGAAATCATTCGTCTCTC
TATGGACCCTGAATTTGTTCATTGCCGTTAAGCCGGGCGGCGCCTTTAGGTCA
ATTGCCTATATGATAGCTATTGACACAAGGCTAGCTATATGAAAGCTTGCTAA
AAACAAAAGAACAAAAAAAGGGAACTGGAATGGGGAAAATGCAGGGCATGT
TTCTGGACGTGACGGCTACCGCCAATCACCAACCGTGAGCCTTCAACGATGT
GTCGGAGAAGGACGCAGTTGTATCAAGATCGTACTTGGTTGGCTGTGTTATGT
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CGGCAGAGGCCGACCGGACGGCAGCAAAGAGCTTCACAAGTCAATTTGATGT
TCATGCCTGTAAATAGTCAGGCGTGGGCTATGTAAGACTGAAGATGAAGGTC
ACTTGTTTATTGAACAAGTGTCATGACTTCAGATTTTGCATATGTAAACGCGC
AACACACATGCATGCGTGTTGCGGGGCATTTTCCCGTATCGAGACTAACAGC
TTGGCCGAGCCGGCATTCTTGCCCGGAATGCTGCTGAAGACCTCGCGGCGAT
CAACCGCTATTTCGTTGAATATGCATGATAGTCGTCCAATGAAGGATCGGCTG
GTGACAGAGAGATAGGCCCATCTGAGTCTCCCGCAATTCGTGATTGCTAAAG
CCGGATGATGGACTTTCCGGCTTCATCGAATTGCCAGACATCAACCTCAAATA
GGCGGGTAAATGACCAGCAACCCAGCAGTACAAGTCGGCGAGGCGCCCAGGAA
TGGAGCGCCGCTGCTTTCCCTTTCTGGAATTACCAAGAGATATCCCACTGTAGTCG
CGAACGAAAACATCGATCTTGACGTAAGCGCCGGCGAAATCCACGCGGTACTTGG
CGAAAACGGCGCCGGCAAATCAACGTTGATGAAGATCATCTTCGGTGTCGCCCAA
CCGGATGCCGGCACCATTTATTGGCAAGGTCATCCCGTGCGTATCGATAGCCCGG
CTCATGCCCGGGAGTTGGGCATCAGCATGGTGTTTCAACACTTCTCCTTATTCGAA
GCGATCACCGTAGCTGAAAACATCTCGCTGACCGTCCCAGGTACGCTCAAGGAAC
TGTCTCGCAGGATCAGGGAAACGGGACAGGAGTTTGGCCTCAAGGTCGAGCCTG
CGGCGCTGGTTTGCAATCTTTCCGTTGGCCAACGTCAAAGGGTCGAGATCATCCG
ATGCCTATTGCAGGAACCGAAACTCCTCATTTTGGATGAGCCGACATCGGTGTTAC
CTCCACCGAACGTCGAGCAACTCTTCGAGACATTGCGACGACTTGTCGCCAAAGG
CATGTCGATCCTCTACATCAGCCACAAACTTGAAGAAATACGTTCGCTCTGTCACTC
GGCGACGATATTGCGCCAGGGTCGTGTTTCTGGACATGTGATCCCTGCTGAAACA
TCAAGCCATGCGCTCGCTTCGCTGATGATTGGCCGGGATTTGCCGAAGACTGCTC
ATCCGCCGGCTCGACAGGATGGTGCGGTAAGGCTTCGTGTCGCGAATCTCTCCTC
GCACGACCCGGATCCGCACATTGTCAATATTGATGACCTGAGCTTGGAGGTGCGC
TCAGGCGAAATCCTCGGAATTGCGGGCGTTTCCGGAAACGGACAGCACATGCTTT
CAAAGATGTTGTCCGGCGAAGAGGTTCTCGCCCCATCCGAAAAGCATCGCATCGA
GCTCATGGGTACGGCTGTCGCACACGAAAACGCGGGCCGCCGCCGCAACCTTGG
GCTTTCATTCGTCCCGGAAGAACGGCTTGGCCGTGGTGCCGTCCCTCCCTTCAGC
TTGGCTGATAATTCGCTGCTTACGGGCCATCGAATGGGTATGACCGGTCGCGGGA
TGGTGCGCAATCAGCCGCGGGACGCGTTTACGGACCAATGCATCGCCGACATGAA
TGTCGTGTGCGCCGGCAGCAAGTCGAACGCGGCCAGCCTCTCTGGAGGAAATCTA
CAGAAGTTCATTGTTGGCCGTGAGATTATGATGGCGCCCAAGGTACTGGTGATTGC
GCAGCCAACTTGGGGGATTGATGTCGGCGCAGCAGCGATGGTCCGTCAGAAACTC
GTGGATTTGCGCGATACGGGAACCGCTATTCTGCTGATCTCGGAAGAGCTCGAGG
AACTGTTCGAGATTTCCGACCGCATCGTGGTGATGTTTAAGGGCAGGGCATCGCC
TGCCCTTGATGCGCGCGCGACGGACGCCGAAACAATCGGACGCATGATGATTGG
CGACATCGCTGCTCCCCTGTTCAGCGAGGCTGCACAATGAATATCAGACAGCCGT
TCGTCCTGGTGCCGCGGCAAAGGCAATCGCGCATTGCTTTAATTGCGGTGCCTCT
TGTAACCATTTCGCTGACTGTCATCGCGGCATTTTTCCTGTTCGCTGGACTGGGTG
CCGACCCTGGCATTGTGCTCTATACGTTCTTTATCGAACCGCTTTCATCCGCTTACA
ACCTCGGAGAGGTGCTGATCAAAGCAAGCCCGCTGATCCTGATCGCGCAGGGACT
TGCAATAAGCTTTCGCGCAAAGGTTTGGAACATCGGCGCGGAAGGACAGCTCATT
ATCGGCGCGATCTGCGCCAGCCTCATTCCGATTTACTGGTCCCATAGCGACTCAAT
GCTGATGCTACCCGGGATGATCCTCATTGGGGCGGCGGCCGGCATGGTCTGGGC
TGGCATCGCGGCGCTGCTGCGTACTCGCTTCAACGCCAGCGAGGTGATCGTTACG
CTCATGCTGACAGAGATTGCCCGGCAGCTTCTCTACTTTCTGGTCACGGGGCCGC
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TTCGCGACCCGATGGGATACAACTTCCCACAATCGGTGCTATTTCCCTCGGCCGC
GCTCTACCCGACGTTCGGTGGCGTCGGCGTGAGGGCCAACCTTTCTATTTTCATCA
CGCTTGCGGTCACAATCATCTGCTGGGTGTTCGTCTCGAAGAGCTTCGCGAGCTT
CAAGTTGCTGGTTGGCGGAACAACGCCTGCCGCCGCAAGGTACGCCGGCTTCCT
GCCAAAACAGGCGGTCTGGATATCGCTTCTGATCGGAGGTGCTGTCGCGGGGCTT
GCAGGCGTTGGAGAGATCGCCGGACCTATCGGAAAGCTGCAACGAATCATATCCC
CCGGCTACGGATTTGCGGCGATCATCGTCGCCTTCCTCGGAGGATTGAACCCCAT
AGGAATCGTCTTCGCCGGAATGCTCATGGCCGTTGTCTATGTTGGTGGCGACAATT
CTCTCGTGACGGCAAACATTCCGGCTTCCGCATCGGTCGTGTTCCAGGGATTGCT
ACTGGTGTTCTACCTCGCGACTGCCGTGTTCGCGCGGTACGAAATCCGGCGTGCG
CCGCCCCCGTTAATCCCCGCGTAAAGGACCTTTATGATGGATGCGCTCACTTTT
GTTGTGGCCGGGGCATTTGCGATGGCCACTCCCTTGATGCTCGCAGCGTTGGGTG
AACTGGTCACCGAGAGATCGGGCGTTCTCAATCTGAGTGTGGAAGGGATGATGGC
GATCGCTGCCGCCATCGCGTTTATGACAACGCATGATACGGGATCGTTCCTGCTG
GGCTTCGCTGCTGGTGGCGTTTCAGGACTCCTGCTGTCGGTCGTGTTCGCGCTCC
TGGTTCTCGTTTTCCTTGCCAATCAGGTCGTAGCAGGGCTCGCAGTGGGCATCCTT
GGCCTCGGATTGTCCGCGCTACTTGCTCGATCATATGAAGGCATGACGATCTTACC
AATGGGAAAGATCACCATACCGATCCTCTCCGATCTGCCACTCGTCGGTCCAATCC
TCTTTCGTCAAGACGTTATGGTGTATCTGGCAATCGGTTCAGCCATCACACTCGCTT
GGTTCTTGTTCAAAACGAAGCGGGGCCTTGTGTTGCGGGTCGTCGGGGAGAATCC
ACAGGCTGCTCATTCGATAGGTCTTCGCCCTATCCGGGTCCGCTTTATCGCTGTTC
TCTTCGGTGGCCTGATGGCTGGTCTGGGTGGTGCGTACGTCTCCATCGTCCTGAC
GCCACTCTGGTCGCAAGGAATGATTGCAGGTCGTGGCTGGATCGCCGTGGCGCT
CGTCGTATTTGCCTGTTGGAGGCCAATCCGCCTCACGGTGGGGGCCTATCTGTTC
GGTGTCGTCTTGCTTCTCGATCTGGCGATCCAGGCCCTCGGGTTAAGCATACCGT
CGGTCATCCTGACCTGCATGCCTTACGCATTGACGATAGTGGTGCTGACCATCGTG
TCCTCGGACGCGTCTCGCATCCGTCTCAACGCACCGGTCTCCCTTGGAGAAAACT
TCCGGCCGGCAAACTAGCTGGTCGGATTCAAGCAACAAGAATGGAGTTGGGA
ACATGAAGATCTGGGTACGCACTTTATTGGGAGCAACCGCGCTGGGCTTGCTGCT
TTCGGGGCCTGCTGCCTCGGACCCTTTCAAGATCGGCTACATAATCCCGAACGCA
ATTGGCGAAGCGGGGTGGGACCATGAACTTGAACGCGGCCGCCAGGCGATCGTC
GATCACTTCGGCGACAAGGTCCAGGTCAATGCCGTCAACGGTGTCGGCGAAGGG
CCTGATGCCACGCGCGTCATGAACAGGATGGCAGCTGACGGTACTAACATGCTCA
TTCTTGGAGCATTCGGACTCATGAATGACGGACTGGTGCTCGCGCGACGCTATCC
AGACCTTAAGGTTCTGCATTATGGCGGTTACGTCAACGAACCAAACTTCGCGACGC
TTGCACTCCGTCACTACGAGGCATCCTATCTTTGCGGCATGGCCGCGGGCATGGC
CGCCAAAACGGGCAATCTCGGCGTTGTAGCCGCATTCCCTTTGCCGGAAGTCCTA
AGCATCATGAACGCCTATGTACTTGGCGCACAGAGCGTGAACCCCGACATTAAGC
CGGTAAAGGTCGTGTGGCTCAACTCCTGGTTCGATCCTGCAAAAGAAAAAGCGGC
TGCTGAATCGCTCGCATCCCAGGGTGCGGAAGTGCTGTATTCGCTGTTCCCCGGA
ACTCCTTCGACCGTGTCGACAGCCGAGCAACTTGGTGTCTACGTAACAGTTACGTT
GTCCGACAACACAATGTTTGCACCGACCAAGCATCTTTGCTCCGCACAAGCTGAAT
TCGGCCCCGCTCTGATCCGGAAGATCCAGGACGCTATCGACGGGAAGTTCGTTGG
AGACGACACCTTTTCAGGCGTGAAGGATGGCTCGATGGGCATTGCTGGGCTCAGT
CCCGACCTTAGCGAAGAGCAAAAGAAGCAGATCATGGCCAGGCTCGAGGAGATGC
GAAACGGCAGCTTCCAGCCATTCAGAGGGCCTATTATGTCAAACACCGGGCAGGA
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AATTGCCGCCGAAGGTACAAATCTCGACGACACTGCAATCAAGTCGATGAAATTTC
TAGTCAAAGGCATAGACACCACGCTTCCCAACTAAAGACGAACCTTGTCTCGGA
TTGCCAGACGGCTCGCGAGGGCCGCTTGGCAGTCCACGAAACCTCGTCGAAC
GAATGGGATCGGACAGTCTGGAAGACTAAGGCTGTCTCCTTGCTGGTACTCA
CATCATCGAAGCAACTTCCACGGGAGGGGAAAATGAACTTCACGCCAAAATCC
TGTCTGAATGGACTGAAGAAATTCTTGATTCGAGCCATGTTGCTCGTTGCGGCCAG
CCACGGCCTGTCAACTTCCGCATTGGCGCAGACCTTTTCTGCCAATCAACTGCAGC
TTCATTTCGGCGGCGGGTATCGTTTTGGGGGAAATGGTGCTGAAACAACGACCCG
AACGATGCTAGAATTCCAGCATTTCAGCGCTTACAAATATGGCGATCTCTTTTTCTT
CGCCGACGTCTATCGGGATCATCAGTGGGACGGGACTTCAAACCGAGTCAACTTC
TATGGCGAGGGTTATGCACATCTGAGCGCGAAGTCGCTGGGAGGCATTCCATTCG
GAGAGGAATCGTTCCTGGCAGATATCGGGCCGGGTATTGGCTTCAACGCCGGTCA
GGATTTCTTGGTTGCCATTTACGGTGCGAGAGCCAGCTTCAAAGTACCGGGTTTTA
GCGTGTTGACCTTTGGGGTCTATGCCTATGACAATCAGATAGACCCGTATGGTCGT
GACCTAGATACGACCTATCAGGCCACTCTCGTTTGGGACATTCCGTTCGCAATAGG
CGATCAGAAGTTCTCAACGGGAGGGGTTCTCGACCTGATCGGCAGCCAGGGTGTG
GGAGTAGAGGAGCAAATCTATTTTCAGCCGGAGATCAGGTGGGACGTAGCCAATG
CGCTCGGCCAGAAAGCCGGCAGTTTCGATCTGGGTTTGAGATACGTCCACTTCAA
CAACAAATACGGGGTCGATGGCGTGGATGAGAATGCGATGTCCGTGTTCGTCTCC
AAGAAATTCTAATGTATCAGGGACTTGCCGCGGCCTTGTGACGAGGCCGCGGT
ATGTGCAAACAGCTCGAAGCGGCTGGGCAAAACAAAATCCGGTTTGATCGAC
GGGCATTGGCTCGATGATGCGTGCCACCGCACGCGACTCAAGCCGAGCTCGT
CCGTCTTGTCACTTCTGTCACGCTCGATCGCGCACGGCCGATCTCAGAGCGTA
ACTTCGTTGAGCTATTTCAACAACGAGGTTGAGCACCACATTTCGGTATGACG
ATCCGATCGCACTTTAGAAAACTTAGGGGCGCAGCGCGTCCGCCATCGTCAT
ATCACAAGGAACCTCTTCCCTCCGAAGGGTAAAGCACGGCGCGGGTGCCTGT
ATGATAGCTATTGACACGGGGATAGCTGTATGAAAGCTTTCCTGAGAACAAT
AATAAAAGGGAACATAGAGATTGGACCGTAAGACAGTTCGCCCCATTGGGA
ATCGTTGTCGAGGCCAGTATTCACTGGTGAGGTAGGATTCGGACGCGTCGAA
GAAAAGACGTCGGTCGGATTGCCTGGCAGTTTGGCTTCAGCGGCAGTTGACG
CTCGCGTCAGTATCGCGAAGACCCCGCCACAAGAACCGAAGGTTTGCAAGCG
CCAGCAACTTCGGCAACTCGAAAAGAGAGCATTGCCATGTGGCTGGTTGAGA
ATTTGGTTCCCTGAGGATTTAGAAGTCCAACGGGTGCACTGCGGACGGTGTC
CGGATCGACACTCTTTCCGGCAAATGGTTGCGCGACAAGCTGTGTAGAACTG
TGGAGGTTTGCATGTTCGCGGATATAAACAAAGGCGACGCCTTCGGTACCTGGG
TCGGAAAAAGCGTACCGCGTCGCGAGGATGCGGATATCCTTGCAGGGCGAGCCG
AGTACATTGCCGATATCAAGCTTCCTGGCATGCTTGAGGCCGCGTTCCTGCGTAGT
CCGTTTGCTCATGCTAGGATCGTCTCGATAGACGTCTCACAAGCCCTGGCTCTGCC
TGGTGTGTACGACGTCATGGTGGGCGCGGATATTCCGGACTATGTCAAACCGCTT
CCCCTCATGATTACCTACCAGAACCATCGCGAAACCCCGACTTCCCCGLTGGLCC
GAGACATCGTTCGCTATGCCGGTGAACCGGTCGCTGTGGTCGCCGCGATAAATCG
CTATGTCGCAGAAGATGCACTGGAGTTGATCGTCGTCAAATATGAGGAATTGCCTG
TCGTCGCTTCCATCGATGCTTCGCTTGCTGTTGACGGGCCACGTCTCTATGAGGGA
TGGCCTGACAATGTCGTGGCCAAGGTCAGCTCGGAAATTGGCGATGTGGACGCG
GCCATGGCATCTGCCGACCTCGTCTTTGAGGAGCGGTTCGAAATCCAACGCTGCC
ATCCGGCTCCGCTCGAGACGCGCGGCTTCATCGCGCAATGGGACTTCAAGGGCG
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AGAACTTGAATGTCTGGAATGGTACGCAGATCATCAATCAGTGCCGTGATTTCATG
TCGGAAGTGCTGGATATTCCGGCCAGCAAGATACGCATCAGATCGCCCCGTTTGG
GTGGAGGCTTCGGTGCGAAATTTCATTTCTACGTCGAAGAACCCGCGATCGTGCTC
CTTGCCAAGCGGGTCAAGGCACCGGTGCGCTGGATAGAAGACCGGCTGGAGGCT
TTTTCGGCGACAGTTCACGCCCGCGAGCAAGTCATCGACGTCAAACTCTGTGCCAT
GAACGACGGGCGCATTACCGGCATTGTCGCGGACATAAAAGGCGATCTCGGCGC
GAGCCATCATACAATGTCGATGGGACCGGTCTGGCTGACTTCGGTGATGATGACG
GGTGTCTATTTGATCCCGAACGCACGTTCCGTCGCAAAGGCGATTGTAACCAACAA
GCCGCCGTCAGGTTCCTATCGCGGCTGGGGACAGCCTCAGGCAAACTTTGCAGTC
GAACGGATGGTGGATCTTTTGGCGCACAAACTCCAGCTTGATCCGGCTGCGGTGC
GGCGGATCAATTACGTGCCTGAAGCCAGAATGCCTTACACCGGTCTTGCTCATACG
TTCGACAGCGGCCGGTATGAGGTATTGCATGACAGAGCACTGAAGACGTTCGGCT
ACGAGGCATGGTTGGAGCGCCAGGCAGCAGCGCAGGCCCAAGGACGGCGTATTG
GGATCGGAATGTCGTTTTACGCCGAGGTTAGCGCCCATGGCCCATCGCGTTTTCTT
AATTATGTTGGTGGACGGCAAGGTGGTTACGACATTGCACGTATTCGGATGGATAC
GACCGGTGATGTGTATGTCTACACAGGCCTCTGCGACATGGGTCAGGGCGTGACC
AATAGCTTGGCGCAAATAGCTGCCGATGCGTTAGGTTTGAATCCTGATGACGTGAC
GGTAATGACGGGAGATACGGCCCTTAACCCCTACACCGGCTGGGGCACAGGGGC
TAGCCGTTCGATCACTATCGGCGGTCCGGCTGTCATGCGCGCGGCGACGCGTTTG
CGGGAAAAGATACTCTCTATTGCTCGTCATTGGCTTCAGGCCGATCCGGATACGTT
AGTTCTGGCAAATCGCGGCGTCATGGTGCGCGACGATCCGGGTCGTTATGTATCT
TTCGCTTCCATCGGCAGGGCTGCCTATTGCCAAATCATCGAGCTGCCGGAGGATG
TAGAGCCGGGGCTCGAGGCGGTAGGAGTTTTCGACACAGTGCAGTTAGCTTGGCC
ATACGGCATGAACCTGGTTGCCGTTGAAGTCGATGAAGATACCGGCGCGGTGTCG
TTCCTGGACTGCATGCTGGTTCACGACATGGGAACGATCGTCAATCCGATGATCGT
GGATGGCCAACTTCACGGCGGAATTGCTCAAGGCATCGCACAGGCTCTCTATGAA
GAGTTGCGCTATGACGAGAACGGTCAACTAGGGACAGGCTCCTTTGCGGACTTCC
TGATGCCTACAGCCAGCGAAATACCAAACATGCGTTTTGACCATATGGTGACCGAG
TCACCGCTCATACCGGGGGGGATGAAGGGAGTCGGAGAAGGAGGCACTATCGGT
ACTCCGGCCGCAGTAGTGAACGCTATCGAGAATGCACTACGCCCAATCACGAACT
CGAAATTGAACCGAACTCCGGTTACCCCAGATCGCATCTTGACCGCCATTTCTGCC
GGAGCATGCGCATGAAACCTACCGCGTTTGACTATATTCGGCCGACCAGCTTGC
CAGAAGCGCTCGCAATCCTGGCCGAACATTCCGACGATGTCGCTATACTTGCTGG
CGGGCAAAGCCTGATGCCGCTGCTCAACTTCCGAATGTCCCGTCCGGCACTGGTA
CTCGATATCAATGACATTTCCGAGCTGCAGCAGGTTCGATGCGAAAACGATACCTT
GTATGTCGGGTCGATGGTCCGGCACTGTCGTGTTGAACAGGAAGAAATCTTCCGC
TCGACGATACCGTTGATGTCCGAGGCGATGACTTCGGTCGCGCACATTCAGATCA
AGACGCGAGGTACTTTGGGTGGCAATCTTTGCAATGCGCACCCGGCGTCGGAAAT
GCCTGCGGTGATAACTGCATTAGGCGCCTCAATGGTCTGCAAGTCCGAGAAACGG
GGGGAGCGCGTTCTTACGCCCGAAGAGTTCTTCGAAGGCGCCTTGCAAAACGGTC
TTCAAAGCGATGAACTGCTTTGCGAAATCCGCATTCCCGTACCATCCCAATACGTT
GGATGGGCGTTTGAGGAAGTCGCGCGGCGGCATGGCGATTTCGCACAATGCGGC
GCCGCAGTTCTGATCGGCGCTGAGGATAGGAAGATCGATTATGCGCGCATAGCCC
TTTGCAGCATTGGCGAAACGCCGATCCGTTTCCATGCTCTGGAGCAATGGCTTATC
GGCAGGCCGGTCGGAAATGATCTGCCTGCAGATGTAAAGCTCCATTGCCGCGAAA
TCCTCGACGTTGCGGAGGACTCGACGATGACTGCCGAGAACAGGGCGAAGCTTG
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CCTCCGCCGTGACTTCCAGAGCCATCGCCAGGGCCGCAGACCGGATTGTTCATCT
CGATGTAAAGAGAGGTTGAAGTTATGAGCAGTCACGTAATTTCTCTTACCGTCAA
CGGCCAAGCAATTGAACGAAAAGTGGACAGCAGAACTTTGCTGGCGGATTTCCTG
CGCGACGAGTTGCGCCTCACCGGGACCCATGTCGGTTGCGAACATGGCGTGTGT
GGCGCATGCACAATCCAGTTTGATGGGGAACCGGCACGCAGTTGTTTGATGCTTG
CGGTTCAGGCCGAAGGCCATTCGATCCGGACTGTCGAAGCCTTGGCCGTCGATG
GCTGTTTGGGAGCGCTCCAGCAGGCATTCCATGAAAAACACGGTCTTCAGTGCGG
GTTTTGTACGCCTGGCCTGCTAATGACACTGGACTACGCGCTGACAGCGGATCTTC
ACATTGACTTTTCAAGCGACAAGGAAATTCGAGAGCTCATTTCCGGAAACCTTTGTC
GTTGCACGGGCTACCAGAACATAATCAACGCAATAAAGTCCGTTTCTCCTACGACT
GAAATTGCAAAGAGTGAGGAACTTGTATGAAGTTCGAAGGAAATTACGACATAGAC
GCGGAACCAAAAAAAGTATGGGAATTGCTCAACAATCCTGAGGTGCTTCATAAGAG
CATTCCTGGATGCGAAGAAGTTATCCAGACTTCTCCTGTGAAGTATGAAGCGGTTG
TGACGTTGAAGATCGGGCCAATCAAGGCGCGCTTCCAGGGTCACGCAGAAATGAC
AGAGCAGCAGCCACCAAATCAGTGTGTAATCATATTCCAAGGTTCAGGTGGCATTG
CGGGCATGGCACGCGGCGAAGCCAAGGTTCTGCTTACACCGAATGACCGAGGGA
CTGAGTTAACCTATATTGCGGATGTCGTGATCGGTGGAAAAATTGCACAAATAGGA
TCTAAGCTGATCGAGGGAACTGCTCGTAAAATCGCTGACCAGTTTTTTAGCAATTTC
GTCAATTATATCAGCGTCAATGTCCCGTAAATACACAATTGAAGGTGGCTATAT
GCTCAGTTGAGTTCATGCGCAGTCTAATCAGGTGGCACTGCATCTGAAACAA
CTCCGAAATTGCATTTCGTTGGTCTACGGCCAAGCCATCGATCGCGGCCAGCT
CTGTCTCGATGCGATCAACGCCGGGAGCGACGCCGACGATCAGTCGCGTGCC
AGCCTCGGTCGGCGCAACGCTTCGGGTGGTGCGTGTCAGTAGGCGAACCCCG
AGGCGTTCTTCAGCAGGCGGATTGTGTGGCTCAAGGCGGATTGTGAGACGCC
GAGCCGCGCTGCAAGCAATCATAAACCTATCATAATGATGTTGACAGCCTGT
AGAACAGGGGTCTTGATTGCATCGCAGGGTCGAAGAGATCTTGATCCTGATA
ATCGGTGGGAACTGGCATGAACGCTACGACAAGGGTCTCCAAGGCGGGGCAT
CGATCAATCGCAGTTCATGCTGGTGCCAACCGTTCTGCTCGCCGGCACCGGG
GGAGCGGTGCGTTCGTTCAGGGCAGTAAGACCATTTCAGTAAAGCGACGAAC
AACATTGTTCCGCTGAAATTGATAATGCCGTATCCGAGGCGATCAATAAGTA
TCGAAAGGAACAAGGCGGGATCGGGGTGTAATCGTGCACTCCGGGCCGGCAT
TGGTCGGCGATCGCGCCGGCTTTGAAAGTCGTCGAGTCAGCCCGAAATACAG
TGTATCCGGGCAAAGCCTAGTTAAGGAACCATCCATGGATCTTTTTATCAAGAA
TGTGAGGGTCATCACCGAAAACGGCAGTTTCGAGGGCGGCGTGGCGGTCGACAA
AGGTGTAATCGCGCAGATCACCGGTGCGAACGGACATGTCGACGCGGATGAAACC
ATCGATGCGGAAGGATTGTATCTTCTGCCCGGCATCATCGACGCGCATTCCCATTT
CAGCCATCCTGGTCGCGAGTTTGAGGGGTTCGAGGCCGGTACGCGGGCGTCCGC
GGCAGGTGGCGTGACAACAGCGATCGACATGCCGCTCGCCGACATTCCGCCTAT
GGCCACGGCGAAGGCGCACGCCGCCAAATATGAAATGGTGAAAGATCTTTGTGTG
GCCGACTACGCATTCTGGGGCGGCCTAATCGATGACAATCTCGAACATCTCGATG
AACAAAATGAACTGGGGGTCGTAGCCTACAAGGCGTTCATGCGCAGGTCCAGCAG
CTACCCCAAGGTCGATGACGGACAGCTATTCACCGGCCTGCAGAAGACGGCGAAG
TTTGGCAACATTGTTGGCGTGCATGCGGAAAACGACACGCTGATCGAACATTTGGA
AAAACGGTTGAAGGCGGAGGGCCGTCACGATCGCATGGCTTGGAACGATTCGCAT
CCGATCGAATCGGAGCTTGAAGCCATCAATCGGGCGATCCTTCTGGCAAAGGCTG
CCGCAAGCAGTTTGTATATAGTCCATATCAGTTGGGCCGGGGGCGTCGACACGGT
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GCGTGAAGCCGCTCATCGGGGCCAGGATGTTTATGCCGAAGTCTGTGCCCACCAT
CTGTGCTTTGACCTGGACGACTATCTACGCGTCGGGCCTCGCTTACGCTCCGCGC
CGCCGATCCGGTCGCGGCCGGAGGTGGAGGAACTTTGGGACCGCGTGCTGCGC
GGCAAGGTTGACGTGATCGCGTCGGATCACTCGCCGTTTCTCCCGGACTTGTACA
AGGCCGGCGAAAACGATGTCTGGCAGGGCACCGGCGGCATTACGGGCATCCAGT
CGATCCTGCCGGCGATTATCACGGAGGGCGTGCACATGCGCGGCCTCTCCTGGG
AACTCCTGGTAAAAATGATGTCGTCCAACCCTGCGCGCATTTTTGGCATTTATCCG
CGCAAGGGAGCGATCGTACCGGGAGCGGACGCAGATTTCGCGCTGGTTGACCCC
CAAAAGGTCTGGACCCTTCAAACGGAAGATCTTTTCTACCGCTACAAGGAAAGCCC
GTACGTCGGCAAAGAATTCTGCGGTCGTGTCGAACGCACTATTGTTCGCGGCAAG
ACAGTTTTCCTGGAAGGGAAAATAACTGCCGACAAAGGGTATGGTCAGCTGGTTCG
ACGAGAAAGCGCCACTCACGGGCGACCGCTTCATAAACACCAGCAATCGGTTCGA
CATTTGTGAGAGGTTCTCGTGGATAGAAATTCATCCTTGGTTGCTGGCGGCCT
TCCTGATCAAAGACAGCTTCTTTCCAGCAGGGCAGTCTTTACGCCAGCCTATGCCA
TTATTCCGGGCTCCGTCCTGAGGGACATCGTTTCAAGTGCCCTGCCGGAATGGCG
CGACACGCGGCTTTGGGTGTTGGCGCGGCCGCTTTCAGGTTTCGCTGAAACCTTT
TCGCAATATTACATGGAAGTGTCGCCCGGCGGCGGCAGTGAAGATCCGGAGCCC
GATCCGCACGCGCAAAGCGCAATCTTCGTGACTGCTGGAACGATGACGATCACCA
CCAACGGCGTTCAACATCGCATGGTGAAGGGCTCATTCGCTTTTATACCCGCCGG
CCAGGTGTGGCAGATCATCAATCCGTCAGCAGAGATCTGCCGGTTTCAATGGATC
CGCAAGAAGTTCGAGCCGGCTGGCAAACTGGGAACGCCACCGGCGATCTTCACC
CATGAAGATAAAGCTGCCGGCGTAAGCATGTGCGATGAGCCACCCTTGTGGGGCT
CCGTCCGGTTCATCGACCCAAGCGATCTACGCTACGACATGCACATCAACATCGTC
TGGTTTGAAGGCGGTGCGACGATCCCCTTCATGGAAACGCATGTGATGGAGCATG
GCATCTACATATTGGAAGGCAAAGCGGTTTACCGGCTCAACAGCGATTGGGTGGA
AGTCGAGGCCGGCGACTTTCTCTGGCTTCGTGCCTTTTGCCCACAGGCTCTTTATG
CCGGCGGTCCTGACGGACTTCGCTATCTCCTGTACAAAGACGTGAACCGCCACAT
GAAACTGCTATGACCATCGTAACAGTCTGACCCTGTCAGCCAAGGATTCTGAA
CCAAATACTACGGCATGGTCAGTTTGTACGTGAGTCAAATATAAGCTCAGTTT
CTTATTATCACCTGCGATCTCATTGTCCGGCCGGTTCACCTAAACTACGGCTG
GCTCCCTGGTAGGCGGAAGCTTGTCTCGCCAAAACGCGCTGATCGGCCGACT
GGCCGATCGCGAGCAATGCCGCTGGGCAAGCAGACTTTTGGCCCGATCAGGT
TCTGTCTCGATTGTCGCCGCAGAGCCGGCTGCCGATCTACGCGCGCGGGLTCC
AGACATCGAGTTGATAGGTGTCTGCCATACGGCCGGTGTGCGAGCCGACAAG
TAACGAGACGCTTCGTTGATGATCGAAAATGACTGGGTGTCAATTTTAGAATTGA
CTAAACTAATGGACTGTAGGAAAAAAAGTTCATCTGAAGGAAACTTTCCGCCTGACA
CAAAAATTTGGAGTGGTACGATGAACGGCTCATCAGCGGTCGGTCTTGAATCGACT
TTGAATGTCATTGAACGTTTCATTTCTTTTAACACCGAAAGCTCTCGCTCCAACCTC
GAACTCGTCGATTGGGTTGAGGGCAGCGTCAAAGGACCGCGAGTCAGCTGCTTCA
GGACGTTCAACGCAGAGAAAAGCAAGGCGACGCTTTGCATAACGGTAGGCCCTCC
GGTGGACGGCGGCGTAGTCCTTTCGGGGCATATCGACGTCGTCCCGGTCGAAGG
ACAGGCATGGAGCAGTGATCCGTATTCGTTGCGTCAGGCTGACGGGCGGCTCTAT
GGCCGCGGAACCTGCGACATGAAGGCCTTCGGTGCCATTGCGGTGGCACACATT
CCCTATTTCCTCGCATCCAACATCGCCAAGCCGGTTCACATAGTTCTGAGCTATGA
TGAAGAAGTGACGAGCCGAGGGTCGATTGCGGTAATCGAGGAATTCGGAAGATCG
TTGCCCAAGCCTTCCTCGGTCATCGTCGGCGAGCCGACGATGATGAAGGTCGCAG
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ATACCCACAAGAGCATCTCGACCTATTACACCACAGTGACGGGCCACGAAGCACAT
TCCTCGAAACCGAACATCGGGGCAAATGCAATCATGGGTGCCTGCGAATTGGTCG
ATGAACTGTACAGGTTCGCCGCCCGGCTTGAAAAAGAGACAGACCCCAGCGGAGG
GCTGGAGCCCGCCTATTCGACCATTAACGTCGGCACGATTTCCGGCGGCACGGCC
CGAAACATACTGGCTCGTGAATGTAAGTTCCACTGGGAGTTCCGTGGCTTGCCCG
GAATACCGCAGGACCTCGCCGTGCGGCATCTGGAGCGCTATGCCAGCGCCAAGG
TACTTCCAAGACTGCGCCGGTACACTGACGACGCCACCATATCCACTATTGTCGGC
ACAGAAGTGCCGGGCCTTGTGCGCGAGCCAGGTTCGATGGCGGAGACGCTGGCG
CTGAAACTCAGCGAGTCCAATGAGACGGTCGCGATGCCGTTCGCCACCGAGGCTG
GTCAGTTCCAAGTGCGCGGATATCCAACTGTGCTGTGCGGTCCGGGCAATGTGGA
CCAAGCGCATCAGCCAGATGAATACATCGCCGTGGATCAGGTCGAATCTTGCATG
CGCTTCATGCGACGATTGGGCGAGTATTTGAAGGGATAACAAGCCAAACGTGCT
TGAATCGAGTGTCAACCTGTATCATAGTATGAACCTATATGATAGTATGAAG
ATGCCTAGCTAACATGAGGTGAAATCGTGCATGCGTTGGGTGTGGTATTGAC
AGGGGATATCTGCCCGACACGCGGTCTTGTGGCTGATGCCGCAGACGTAAAAC
AGACGTTCCGGCTCATTGAAAACGCAGATTTTGCCCTCGGCAATTTTGAGATGCCG
CTCACGGATCAAGTTAGAGCAGTTGAGAAGCTGCTAAACATTAAGGCTGATCCGTC
CATCGCTCCTACACTTTCGGAGCTTGGGCTCGACATGGTGACGGTAGCCAACAAT
CACGCGGTCGATTACGGCTGGGAGGGGCTTTCCCAGACCATCGACCTGTTGCGGT
CGCAGGGTCTGACTGTCATAGGCGCCGGCTCAAACATCGCTGAGGCTACGGCGC
CGGCGATCGCAACGGTGGCAGGCAGGCAAATTGGAGTGCTTGCCTATTCGTGCCT
CCTGCCGACCGGCATGTCGGCAGGGATCAATCGACCTGGCATCGCTCCCATCCAC
GTGCAGACATCATACGAAATCGATCCCTACTATCAGATGGAGGAGCCTGGCGACC
TGTCTGCAGTGCGCGCCAGAACGCAAGCCAGGGAGACCGACGTGGAGGLGGLG
GTTGCGGCAATCCGCGCGCTCCGCAACAAGTGCGACACGCTCATCGTCACAATTC
ATTGGGGTTTCGGATCGGGAGAGGAGCTCGCCGAATATCAGCTACCGCTGGCGCA
AAGGCTAATTGACGCCGGCGCAGACATTATCCATGGGCACCATCCGCATGCAGTT
CACCCCATCGGCTTCTATCGCGGCAAGCCTATTTTCTTTGGTTTGGGCACCCTGGT
CGGCCAGCAGGTTTTTCTCGATGCGCCGCCGGCCGTGCGGGCGCTCTGGGCAGA
AATGTCGCCGGACGGATATGTCGCAACCATTTCGATTTCGCAATCCAACGTTCTCG
GGATCGAGTTAACCCCGACTACCCTGAATTCTGATCGCCTTCCCTTAATCGCAAAG
GACAATGATTTCGATCGGATACATCACCGTCTGGTGAGCCTGTCGGCGCCGTATG
GAGCCAATATCGAATTGGACGGAACGGTCCTGCGTGCCAGTGCCGCCGCACTGG
ATTGCCAGAGAAATTGAATTTTCCACAACAAAAAAAGGGGAATAGCCATGGAA
AAGAAAACGACAACTATCTGCCTCGATGCGGAGATGACGCGCCGCTTGTTTACTG
GCGGTGCTGCAGCTTTCTTCGCGGCGCTTGGCCTCGGGGTAGGGTCCGAAGCCA
GTGCGCAGGAAAAGGTCATCGCCATCAGCTTTCCGAACTCCTCGACAATCGGTGC
AGTGATCACCACCCTCAATCAGGCAAAGCGCGCGGCAAGGAACTCGGCTTTAATG
TCATCGTCGATGATCCGGGCAGCGACCTGAACAAGCAGATCAACACGATCAAG
ACCTGGATCCAACAGAAGGTCGCCGTTATCGTCTGTGTCGTCTTGCAGCCACA
GGTCTTTGTGGCGATCGCAAAACAAGCACGCGATGCCGGCATCGCGTGGATAACC
TATGGCGAGAAGATCGAGAATCAGAACGCCACGGTGGGGTATGCTCAATATGACG
ACGGTCGCCGCCTAGGCGAGTATGCTGGCCAGTGGATCACCGAGAATCTCGGCG
GCGCCGCCAAGGTCGCGATCCTCGGCTATGAAAAGGGCTCATGGGGACAACTGC
GCGGCAATGGCATTAAGGACGGCCTTAAGGCACACGCTCCCAATGTAGAGATCGT
CGCTGAGCAAGACGCGATCACTCCGACGGAAGGCCTGAACGTCACCCGCACGAT
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CCTCCAGGCGCATCCGGACGTGAACGTCATCCTCGGTGTTGAGGATCCAGCGACA
GAAGGCGCCTACAAGGCTTGGATTGCCGCCGGCAAGGATTCCAAGGATCCCAAG
GCCTTCATCGGCGGCATGGACGGAACGCCCCCGGCGCTTAAGCTGCTGCGCGAG
GGGG

Protein Sequences Obtained from Translation of ORFs

Open reading frames in the 25.2-kb region were translated to their corresponding
peptide sequences using DNASTAR software and are listed below (“aa” represents
amino acids).

orf-1 (63 aa) Strand: + From: 138 To: 329
MPGVVSTLAVAAGQPIKAGDVLLSIEAMKMETALHAERDGTIAEVLVRAGDQID
AKDLLVVYG

orf-2 (114 aa) Strand: - From: 468 To: 812
MAGLTVHVLDIMNGIPGGGMRIDFLRLDGTDKFHLKTLFTNAEGRTDEPVLTSS
DMMSGTFELMFHVKDYFRRGGTDATFFELVPVRFKIVSTHVHHHVPLVVAPWG
YQSYMGT

orf-3 (291 aa) Strand: - From: 812 To: 1687
MTLREFVDVFGGIFEHAPWVAERACLSRPFASVYEMHRKMMDVVRRCDESEKV
GLLRGHPELGGREARAGEMTPDSSSEQSRLGLDRLSEAEFSEMTELNRLYDEKFG
FPCMICLRLHVKRDTVVAEHRRRLLNDRQTEIENCIEQVGQITERRLRERVRESQ
RTRRAISTHVLDSGNAGGAQGMVIELQRFEGGGYTTVARVTTDEVGRAQLLDAE
EMRPGRYQMILQAGAYLAEHGTPSTFIDVIPVLFEVDDPYQNYHIPLIVGRYAFS
VYKGGIPALASGPTREDVR

orf-4 (306 aa) Strand: + From: 2421 To: 3341
MGQMNGNHPQKDRNYRGYGRHAPRVFWPGGARVAVNIQVNYEEGAEYSYAR
DGRNEGAGEFLGSLSGIADRSVESAFEYGSRAGFWRLARLLDEYRIQATVNACA
VAVERNLEVGDYLREAKHEIACHGYRFEEVWNLTREEERQRIHAAIESLTKTCGE
RPVGWISRLMSSDNTRELLVEEGGFLYDSDALNDDLPYFVDVSNKPHLVVPLSFT
YNDGRFIMGGCDDPAAFAQYCCGALDELRREGITHPKMMTVSLHPRIIGQAGRI
VALRRFIEHASEAGDVWFARRSDIAQWWIDHHKEFAS

orf-5 (396 aa) Strand: + From: 3364 To: 4554
MSRPLRVTIIGAGIGGLSAAVALRKIGADVTVVERAPELRAAGAGICMWPNGAQ
ALHALGIANPLEMVSPILHRVCYRDQHGRVIREMSIDKLTELVGQRPFPLARSDL
QAALLSRLDPALVRLGGACVSVEQDANGVRAVLDDGTEIASDLLVGADGIRSVV
RNHVTGGTDRLRYHYTTWLGLVSFGLNLTPPGTFTFHVQDSKRVGLLNVGDDR
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LYFFFDAVPSGEANPDGVRAELRHHFDGWCSEVTTLVEALDEAKTNRLPVHDLD
PLASFVNGRIVLIGDAAHATTPTLGQGGALAMEDSLVLARHLAESTDYGSALAS
YDNERLMRTRQVVLASRARTAATLGIDNTSAQTWQKQLTDDASQDFLEQLVDI
HRAGPLAAWPHDRQEGVAT

orf-6 (225 aa) Strand: + From: 4551 To: 5228
MTHSLIVSVDVITQHRPAFEEWLRSSFLAATGVPGVAADPVCFRGMRVETRYRT
YQPTPSYIVIFQLEGDPAEVTGAKAFSDWWTKGVAARFEWVEKQSWVVAELVS
GPPPPFDYSRVLFTQVDLRPAHQSGWARWYDEVHIPQSRLVPGMFRAENRRFAA
VEIATARWHCSAKPSFIHLVPIEDSADIVQGAATPEFLALIADTQAQWAGALESA
ASTLCERFR

orf-7 (377 aa) Strand: + From: 5225 To: 6358
MSRSGKLIVVGDVVPTRALPSDWHPFGEADFVFGDLEVPLTERGLRWDKPVSYR
AAPDRARELAGVGFGLVSLANNQAMNYGRTGLVDTITALDQAGVPFIGAGPDLE
AALKPHITELGGKRIAFIGLTCVAPRHWDAGADRSGLAVLRPRQAAEIDPAWAA
EEPGVAPTVHTWLDDDALARAAAAVQRALEHADLVVAAVHWGVGSSYQITGY
QRQLGHALLNAGAALVLGSHPPPLQGFERTNAGLISYSLGTFIRQQPQEGVGLAL
SAAYSRMPRESAILELTVKGGRFSEAHVHPAVLDDDGIARQVSGERARRIIRTILD
RSTGLIPNPAQGEEPETLTIHLDNEFATGSDRPSDGSMVPSGPEVAARQGPR

orf-8 (523 aa) Strand: + From: 7903 To: 9474
MTSNPAVQVGEAPRNGAPLLSLSGITKRYPTVVANENIDLDVSAGEIHAVLGENG
AGKSTLMKIIFGVAQPDAGTIYWQGHPVRIDSPAHARELGISMVFQHFSLFEAITV
AENISLTVPGTLKELSRRIRETGQEFGLKVEPAALVCNLSVGQRQRVEIIRCLLQEP
KLLILDEPTSVLPPPNVEQLFETLRRLVAKGMSILYISHKLEEIRSLCHSATILRQG
RVSGHVIPAETSSHALASLMIGRDLPKTAHPPARQDGAVRLRVANLSSHDPDPHI
VNIDDLSLEVRSGEILGIAGVSGNGQHMLSKMLSGEEVLAPSEKHRIELMGTAVA
HENAGRRRNLGLSFVPEERLGRGAVPPFSLADNSLLTGHRMGMTGRGMVRNQP
RDAFTDQCIADMNVVCAGSKSNAASLSGGNLQKFIVGREIMMAPKVLVIAQPTW
GIDVGAAAMVRQKLVDLRDTGTAILLISEELEELFEISDRIVVMFKGRASPALDAR
ATDAETIGRMMIGDIAAPLFSEAAQ

orf-9 (363 aa) Strand: + From: 9471 To: 10562
MNIRQPFVLVPRQRQSRIALIAVPLVTISLTVIAAFFLFAGLGADPGIVLYTFFIEPL
SSAYNLGEVLIKASPLILIAQGLAISFRAKVWNIGAEGQLIIGAICASLIPIYWSHSD
SMLMLPGMILIGAAAGMVWAGIAALLRTRFNASEVIVTLMLTEIARQLLYFLVT
GPLRDPMGYNFPQSVLFPSAALYPTFGGVGVRANLSIFITLAVTIICWVFVSKSFA
SFKLLVGGTTPAAARYAGFLPKQAVWISLLIGGAVAGLAGVGEIAGPIGKLQRIIS
PGYGFAAIIVAFLGGLNPIGIVFAGMLMAVVYVGGDNSLVTANIPASASVVFQGL
LLVFYLATAVFARYEIRRAPPPLIPA

orf-10 (307 aa) Strand: + From: 10572 To: 11495
MMDALTFVVAGAFAMATPLMLAALGELVTERSGVLNLSVEGMMAIAAAIAFM
TTHDTGSFLLGFAAGGVSGLLLSVVFALLVLVFLANQVVAGLAVGILGLGLSALL
ARSYEGMTILPMGKITIPILSDLPLVGPILFRQDVMVYLAIGSAITLAWFLFKTKRG
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LVLRVVGENPQAAHSIGLRPIRVRFIAVLFGGLMAGLGGAYVSIVLTPLWSQGMI
AGRGWIAVALVVFACWRPIRLTVGAYLFGVVLLLDLAIQALGLSIPSVILTCMPY
ALTIVVLTIVSSDASRIRLNAPVSLGENFRPAN

orf-11 (359 aa) Strand: + From: 11533 To: 12612
MKIWVRTLLGATALGLLLSGPAASDPFKIGYIIPNAIGEAGWDHELERGRQAIVD
HFGDKVQVNAVNGVGEGPDATRVMNRMAADGTNMLILGAFGLMNDGLVLAR
RYPDLKVLHYGGYVNEPNFATLALRHYEASYLCGMAAGMAAKTGNLGVVAAF
PLPEVLSIMNAYVLGAQSVNPDIKPVKVVWLNSWFDPAKEKAAAESLASQGAE
VLYSLFPGTPSTVSTAEQLGVYVTVTLSDNTMFAPTKHLCSAQAEFGPALIRKIQ
DAIDGKFVGDDTFSGVKDGSMGIAGLSPDLSEEQKKQIMARLEEMRNGSFQPFR
GPIMSNTGQEIAAEGTNLDDTAIKSMKFLVKGIDTTLPN

orf-12 (269 aa) Strand: + From: 12768 To: 13577

MNFTPKSCLNGLKKFLIRAMLLVAASHGLSTSALAQTFSANQLQLHFGGGYRFG
GNGAETTTRTMLEFQHFSAYKYGDLFFFADVYRDHQWDGTSNRVNFYGEGYA
HLSAKSLGGIPFGEESFLADIGPGIGFNAGQDFLVAIYGARASFKVPGFSVLTFGV
YAYDNQIDPYGRDLDTTYQATLVWDIPFAIGDQKFSTGGVLDLIGSQGVGVEEQI
YFQPEIRWDVANALGQKAGSFDLGLRYVHFNNKYGVDGVDENAMSVFVSKKF

orf-13 (791 aa) Strand: + From: 14359 To: 16734
MFADINKGDAFGTWVGKSVPRREDADILAGRAEYIADIKLPGMLEAAFLRSPFA
HARIVSIDVSQALALPGVYDVMVGADIPDYVKPLPLMITYQNHRETPTSPLARDI
VRYAGEPVAVVAAINRYVAEDALELIVVKYEELPVVASIDASLAVDGPRLYEGW
PDNVVAKVSSEIGDVDAAMASADLVFEERFEIQRCHPAPLETRGFIAQWDFKGE
NLNVWNGTQIINQCRDFMSEVLDIPASKIRIRSPRLGGGFGAKFHFYVEEPAIVLL
AKRVKAPVRWIEDRLEAFSATVHAREQVIDVKLCAMNDGRITGIVADIKGDLGA
SHHTMSMGPVWLTSVMMTGVYLIPNARSVAKAIVTNKPPSGSYRGWGQPQANF
AVERMVDLLAHKLQLDPAAVRRINYVPEARMPYTGLAHTFDSGRYEVLHDRAL
KTFGYEAWLERQAAAQAQGRRIGIGMSFYAEVSAHGPSRFLNYVGGRQGGYDI
ARIRMDTTGDVYVYTGLCDMGQGVTNSLAQIAADALGLNPDDVTVMTGDTAL
NPYTGWGTGASRSITIGGPAVMRAATRLREKILSIARHWLQADPDTLVLANRGV
MVRDDPGRYVSFASIGRAAYCQIIELPEDVEPGLEAVGVFDTVQLAWPYGMNLV
AVEVDEDTGAVSFLDCMLVHDMGTIVNPMIVDGQLHGGIAQGIAQALYEELRY
DENGQLGTGSFADFLMPTASEIPNMRFDHMVTESPLIPGGMKGVGEGGTIGTPA
AVVNAIENALRPITNSKLNRTPVTPDRILTAISAGACA

orf-14 (297 aa) Strand: + From: 16725 To: 17618
MRMKPTAFDYIRPTSLPEALAILAEHSDDVAILAGGQSLMPLLNFRMSRPALVLD
INDISELQQVRCENDTLYVGSMVRHCRVEQEEIFRSTIPLMSEAMTSVAHIQIKTR
GTLGGNLCNAHPASEMPAVITALGASMVCKSEKRGERVLTPEEFFEGALQNGLQ
SDELLCEIRIPVPSQYVGWAFEEVARRHGDFAQCGAAVLIGAEDRKIDYARIALC
SIGETPIRFHALEQWLIGRPVGNDLPADVKLHCREILDVAEDSTMTAENRAKLAS
AVTSRAIARAADRIVHLDVKRG

orf-15 (167 aa) Strand: + From: 17623 To: 18126



175

MSSHVISLTVNGQAIERKVDSRTLLADFLRDELRLTGTHVGCEHGVCGACTIQFD
GEPARSCLMLAVQAEGHSIRTVEALAVDGCLGALQQAFHEKHGLQCGFCTPGLL
MTLDYALTADLHIDFSSDKEIRELISGNLCRCTGYQNIINAIKSVSPTTEIAKSEELV

orf-16 (149 aa) Strand: + From: 18123 To: 18572
MKFEGNYDIDAEPKKVWELLNNPEVLHKSIPGCEEVIQTSPVKYEAVVTLKIGPI
KARFQGHAEMTEQQPPNQCVIIFQGSGGIAGMARGEAKVLLTPNDRGTELTYIA
DVVIGGKIAQIGSKLIEGTARKIADQFFSNFVNYISVNVP

orf-17 (106 aa) Strand — From: 18559 To: 18879
MIACSAARRLTIRLEPHNPPAEERLGVRLLTRTTRSVAPTEAGTRLIVGVAPGVDR
IETELAAIDGLAVDQRNAISELFQMQCHLIRLRMNSTEHIATFNCVFTGH

orf-18 (466 aa) Strand: + From: 19308 To: 20708
MDLFIKNVRVITENGSFEGGVAVDKGVIAQITGANGHVDADETIDAEGLYLLPGII
DAHSHFSHPGREFEGFEAGTRASAAGGVTTAIDMPLADIPPMATAKAHAAKYEM
VKDLCVADYAFWGGLIDDNLEHLDEQNELGVVAYKAFMRRSSSYPKVDDGQLF
TGLQKTAKFGNIVGVHAENDTLIEHLEKRLKAEGRHDRMAWNDSHPIESELEAI
NRAILLAKAAASSLY IVHISWAGGVDTVREAAHRGQDVYAEVCAHHLCFDLDD
YLRVGPRLRSAPPIRSRPEVEELWDRVLRGKVDVIASDHSPFLPDLYKAGENDV
WQGTGGITGIQSILPAIHITEGVHMRGLSWELLVKMMSSNPARIFGIYPRKGAIVPG
ADADFALVDPQKVWTLQTEDLFYRYKESPYVGKEFCGRVERTIVRGKTVFLEGK
ITADKGYGQLVRRESATHGRPLHKHQQSVRHL

orf-19 Strand: 266 aa Strand: + From: 20736 To: 21536
LVAGGLPDQRQLLSSRAVFTPAYAIIPGSVLRDIVSSALPEWRDTRLWVLARPLS
GFAETFSQYYMEVSPGGGSEDPEPDPHAQSAIFVTAGTMTITTNGVQHRMVKGS
FAFIPAGQVWQIINPSAEICRFQWIRKKFEPAGKLGTPPAIFTHEDKAAGVSMCDE
PPLWGSVRFIDPSDLRYDMHINIVWFEGGATIPFMETHVMEHGIYILEGKAVYRL
NSDWVEVEAGDFLWLRAFCPQALYAGGPDGLRYLLYKDVNRHMKLL

orf-20 (429 aa) Strand: + From: 21910 To: 23199
MIENDWVSILELTKLMDCRKKSSSEGNFPPDTKIWSGTMNGSSAVGLESTLNVIE
RFISFNTESSRSNLELVDWVEGSVKGPRVSCFRTFNAEKSKATLCITVGPPVDGG
VVLSGHIDVVPVEGQAWSSDPYSLRQADGRLYGRGTCDMKAFGAIAVAHIPYFL
ASNIAKPVHIVLSYDEEVTSRGSIAVIEEFGRSLPKPSSVIVGEPTMMKVADTHKSI
STYYTTVTGHEAHSSKPNIGANAIMGACELVDELYRFAARLEKETDPSGGLEPAY
STINVGTISGGTARNILARECKFHWEFRGLPGIPQDLAVRHLERYASAKVLPRLRR
YTDDATISTIVGTEVPGLVREPGSMAETLALKLSESNETVAMPFATEAGQFQVRG
YPTVLCGPGNVDQAHQPDEYIAVDQVESCMRFMRRLGEYLKG

orf-21 (343 aa) Strand: + From: 23347 To: 24378
VADAADVKQTFRLIENADFALGNFEMPLTDQVRAVEKLLNIKADPSIAPTLSELG
LDMVTVANNHAVDYGWEGLSQTIDLLRSQGLTVIGAGSNIAEATAPAIATVAGR
QIGVLAYSCLLPTGMSAGINRPGIAPIHVQTSYEIDPYYQMEEPGDLSAVRARTQ
ARETDVEAAVAAIRALRNKCDTLIVTIHWGFGSGEELAEYQLPLAQRLIDAGADII
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HGHHPHAVHPIGFYRGKPIFFGLGTLVGQQVFLDAPPAVRALWAEMSPDGY VAT
ISISQSNVLGIELTPTTLNSDRLPLIAKDNDFDRIHHRLVSLSAPYGANIELDGTVLR
ASAAALDCQRN

orf-22 (84 aa) Strand: + From: 24409 To: 24663
MEKKTTTICLDAEMTRRLFTGGAAAFFAALGLGVGSEASAQEKVIAISFPNSSTIG
AVITTLNQAKRAARNSALMSSSMIRAAT

orf-23 (168 aa) Strand: + From: 24729 To: 25232
LQPQVFVAIAKQARDAGIAWITYGEKIENQNATVGYAQYDDGRRLGEYAGQWI
TENLGGAAKVAILGYEKGSWGQLRGNGIKDGLKAHAPNVEIVAEQDAITPTEGL
NVTRTILQAHPDVNVILGVEDPATEGAYKAWIAAGKDSKDPKAFIGGMDGTPPA
LKLLREG



Table C1. A complete list of all the 23 open reading frames (ORFs), including two

SEQUENCE SIMILARITY OF ALL THE OPEN READING FRAMES
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incomplete ORFs (orf-1 and orf-23) of the caffeine gene cluster present on the
25.2-kb genomic DNA fragment of Pseudomonas sp. strain CBB1.

Gene No. of Homologous Database* GenBank accession no.: Identity
no. codon protein Organism name (%) ¥
Gene-1 108/  pyruvate NR CCE97797.1 87
1151  carboxylase Sinorhizobium fredii
Glutaconyl-CoA SwissProt  Q9ZAA7.1 46
decarboxylase Acidaminococcus
subunit gamma fermentans DSM 20731
Gene-2 114 hydroxyisourate NR YP_002976942.1 48
tmuH hydrolase Rhizobium leguminosarum
5-hydroxyisourate ~ SwissProt  Q92UG5.2
hydrolase 2 Sinorhizobium melilot 1021 45
Gene-3 291 OHCU NR YP_003695277.1 41
tmuD decarboxylase Starkeya novella DSM 506
OHCU SwissProt  D4GPUS8.1 40
decarboxylase Haloferax volcanii DS2
Gene-4 396 Chitin deacetylase ~ NR ZP_08883006.1 56
Saccharopolyspora spinosa
Chitin deacetylasel SwissProt  013842.1 34
Schizosaccharomyces pombe
Gene-5 385 FAD-binding NR YP_003741647.1 39
tmuM monooxygenases Erwinia billingiae Eb661
Zeaxanthin SwissProt  Q40412.1 32

epoxidase

Nicotiana plumbaginifolia
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Gene No. of Homologous Database = GenBank accession no.: Identity
codon protein Organism name (%)

Gene-6 255 transcriptional NR NP_824803.1 29
regulator (MerR) Streptomyces avermitilis
TBCC domain- Q5FVR8.1 31
containing protein ~ SwissProt  Rattus norvegicus

Gene-7 377 capsule synthesis NR YP_003320833.1 36
protein, capA Sphaerobacter

thermophilus

PGA biosynthesis ~ SwissProt  P96738.1 29
protein CapA Bacillus subtilis

Gene-8 523 ABC transporter, NR ZP_05782548.1 60
fused ATPase Citreicella sp. SE45
Ribose import SwissProt  Q1AXG5.1 37
ATP-binding Rubrobacter xylanophilus
protein RbsA 1 DSM 9941

Gene-9 363 ABC transporter, NR YP_559078.1 52
inner membrane Burkholderia xenovorans
subunit LB400
Uncharacterized SwissProt  005254.1
ABC transporter Bacillus subtilis
permease (yufP)

Gene-10 307 ABC transporter NR YP_472019.1 55
permease (sugar) Rhizobium etli CFN 42
Uncharacterized SwissProt  005255.1 41
ABC transporter Bacillus subtilis
permease (yufQ)

Gene-11 359 basic membrane NR ZP_05781700.1 41
lipoprotein Citreicella sp. SE45
Purine-binding
protein SwissProt  Q2YKI6.1 33

Brucella melitensis
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Gene No. of Homologous Database = GenBank accession no.: Identity
codon protein Organism name (%)
Gene-12 269 nucleoside-specific NR YP_003023750.1 27
channel-forming Geobacter sp. M21
protein Tsx
Uncharacterized SwissProt Q96A22.2 32
protein C11orf52 Homo sapiens
Gene-13 791 Xanthine NR YP_003395893.1 50
cdhA dehydrogenase Conexibacter woesei DSM
molybdopterin 14684
binding subunit
Carbon monoxide  SwissProt  P19919.2 35
dehydrogenase Oligotropha
large chain carboxidovorans OM5
Gene-14 297 Alcohol NR ADV16272.1 41
cdhB dehydrogenase Alicycliphilus denitrificans
medium subunit
CO dehydrogenase SwissProt  P19914.2 32
medium chain H. pseudoflava
Gene-15 167 aldehyde oxidase NR YP_002521823.1 66
cdhC small subunit Thermomicrobium roseum
CO dehydrogenase SwissProt  P19915.2 51
small chain H. pseudoflava
Gene-16 149 CO dehydrogenase NR YP_004305439.1 50
subunit G (CoxG) Polymorphum gilvum
Tripartite motif- SwissProt  Q5BIM1.1 27
containing protein Bos taurus (cattle)
Gene-17 106 transcriptional NR YP_004730098.1 72
regulator (lysR) Salmonella bongori
Histone Q613L4.1 30
deacetylase 4 SwissProt  Caenorhabditis briggsae
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Gene No. of Homologous Database = GenBank accession no.: Identity
codon protein Organism name (%)

Gene-18 466 allantoinase NR ZP_09354491.1 42

orfl Bacillus smithii 7-3-47FAA
Allantoinase SwissProt  Q1AS71.1 45

Rubrobacter xylanophilus

Gene-19 266 allantoin NR EFY89705.1 61

orf2 catabolism protein Metarhizium acridum
YIbA (encoded by  SwissProt  P75713.1 26
yIbA) Escherichia coli K-12

Gene-20 429 acetylornithine NR YP_001832172.1 60

orf3 deacetylase ArgE Beijerinckia indica
Acetylornithine SwissProt  Q9CLT9.2 60
deacetylase Pasteurella multocida

Gene-21 343 capsule synthesis NR YP_003320833.1 36
protein, capA Sphaerobacter thermophilus
PGA biosynthesis ~ SwissProt  P96738.1 29
protein CapA Bacillus subtilis

Gene-22 84 alkyl hydro- NR YP_004602138.1 38
peroxide reductase [Cellvibrio] gilvus
7-cyano-7- SwissProt  Q2FS65.1 37
deazaguanine Methanospirillum hungatei
synthase JF-1

Gene-23 168 sugar ABC NR YP_004223511.1 39
transporter protein Microbacterium testaceum
D-ribose-binding SwissProt  POA2C5.1 37

periplasmic protein

Salmonella typhimurium

¥ % identity was determined by aligning the gene product of each orf with the
homologous protein using the ClustalW2 [Larkin et al., 2007].

*Database used in BlastP search.
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Table D1. A comprehensive list of all the known food, beverage and other consumables

containing caffeine*.

Product Serving Caffeine Caffeine consumed
size consumed per per unit volume
serving (mg) (mg/oz.) (ppm)
Coffee

Generic Brewed (Espresso) 1o0z. 40 40 1352
(range: 30-90)

Generic Brewed (Regular) 8 oz. 133 16.6 562
(range: 102-200)

Generic Brewed (Instant) 8 oz. 93 11.6 393
(range: 27-173)

Generic (Decaffeinated ) 8 oz. 5 0.6 21
(range: 3-12)

Starbucks (Espresso) doppio 2 0Z. 150 75 2536

Starbucks (Espresso) solo 1oz 75 75 2536

Starbucks Brewed (Grande) 16 oz. 320 20 676

Starbucks Latte (Grande) 16 oz. 150 9.4 318

Starbucks (Espresso Decaf.) 1oz 4 4 135

Einstein Bros. (Espresso) 1oz 75 75 2536

Einstein Bros. (Regular) 16 oz. 300 18.7 634

Dunkin Donuts (Regular) 16 oz. 206 13 440




Table D1 continued

182

Product Serving Caffeine Caffeine consumed
size consumed per per unit volume
serving (mg) (mg/oz.) (ppm)
Tea
Generic Brewed tea 8 oz. 53 6.625 224
(range: 40-120)
Black tea 1 Minute brew 5oz. 21-33 42-6.6 142-223
Black tea 3 Minute brew 5oz 35-46 7-9.2 237 -311
Black tea 5 Minute brew 5o0z. 39-50 78-10 264 -338
Canned iced tea 5o0z. 22 - 36 4472 149 -243
Iced tea 12 oz. 67 - 76 56-6.3 190-214
Instant tea 5 0z. 22-36 4.4-72 149 -243
Generic Brewed (Grande) 8 oz. 53 6.6 224
(range: 40 - 120)
Starbucks Tazo Chai Latte 16 oz. 100 6.25 211
Snapple, Lemon (Diet Version) 16 oz. 42 2.6 89
Snapple, Peach (Diet Version) 16 oz. 42 2.6 89
Snapple, Plain Unsweetened 16 oz. 18 1.1 38
Snapple, Kiwi Teawi 16 oz. 10 0.6 21
Arizona iced tea, black 16 oz. 32 2 68
Arizona iced tea, green 16 oz. 15 0.9375 32
Nestea 12 oz. 26 2.2 73
Loose-leaf tea (Black) N.A. 25-110 N.A. N.A.
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Product Serving Caffeine Caffeine consumed
size consumed per per unit volume
serving (mg) (mg/oz.) (ppm)
Soft Drinks
Coca cola (Regular) 12 oz. 35 2.9 98.6
Coca cola (Diet coke) 12 oz. 47 3.9 132
Coca cola lime (Diet) 12 oz. 47 3.9 132
Coke Red (Reg. and Diet) 12 oz. 54 4.5 152
Coke Black 12 oz. 69 5.75 194
Coke Black Cherry Vanilla 12 oz. 35 2.9 98.6
Pepsi (Regular) 12 oz. 38 3.2 107
Pepsi light (Diet) 12 oz. 36 3 101
Pepsi Lime 12 oz. 38 3.2 107
Pepsi Vanilla 12 oz. 37 3 101
Pepsi Twist 12 oz. 38 3.2 107
Pepsi One 12 oz. 54 4.5 152
Mountain Dew (Reg. and Diet) 12 oz. 54 4.5 152
Mountain Dew MDX 12 oz. 71 59 200
Dr. Peeper (Regular) 12 oz. 42 3.5 118
Dr. Peeper (Diet) 12 oz. 44 3.6 124
Mr. Pibb (Regular) 12 oz. 41 3.4 116
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Product Serving Caffeine Caffeine consumed
size consumed per per unit volume
serving (mg) (mg/oz.) (ppm)

Mr. Pibb (Diet, Zero, and Xtra) 12 oz. 41 3.4 116
Tab, Shasta Cola (Reg. & Diet) 12 oz. 45 3.75 127
Royal Crown Cola (Reg./Diet) 12 oz. 36 3 101
Sunkist Orange Soda 12 oz. 41 3.4 116
Jolt Cola 12 oz. 72 6 203
Vault 12 oz. 71 5.9 200

Alcoholic Beverages*
MillerCoors Sparks 16 oz. 214 13.4 452
Anheuser-Busch 10 oz. 55 55 186

Energy Drinks
5-hour Energy (Extra Strength) 2 oz. 242 121 4091
5-hour Energy (Regular) 2 0Z. 215 107 3635
5-hour Energy (Decaf) 2 0Z. 6 3 101
Spike shooter 8.4 oz. 300 36 1208
Cocaine 8.4 oz. 288 34 1159
Monster Energy 16 oz. 160 10 338
Full Throttle 16 oz. 144 9 304
Rip it 8 oz. 100 12.5 423
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Product Serving Caffeine Caffeine consumed
size consumed per per unit volume
serving (mg) (mg/oz.) (ppm)

SoBe No Fear 8 oz. 83 10.4 351
SoBe Adrenaline Rush 8.3 oz. 79 9.5 322
Red Bull (Reg. and Sugar-free) 8.3 oz. 80 9.6 326
Rockstar Energy 8 oz. 80 10 338
Amp 8.4 oz. 75 8.9 302
Tab Energy 10.50z. 95 9 306
Glaceau Vitamin Water 20 oz. 50 2.5 84.5

Over-the Counter Drugs

Diuretics
Aqua Ban 1 tab. 200 200 mg / tablet
Permathene Water Off 1 tab. 200 200 mg / tablet
Pre-Mens Forte 1 tab. 100 100 mg / tablet
Diurex 2 tabs 100 50 mg / tablet

Weight control aids
Zantrex-3 2 tab 1,223 611.5 mg / tablet
Dexatrim 1 tab 200 200 mg / tablet
Dietrac 1 tab 200 200 mg / tablet
Prolamine 1 tab 140 140 mg / tablet
Appredrine 1 tab 100 100 mg / tablet
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Product Serving Caffeine Caffeine consumed
size consumed per per unit volume
serving (mg) (mg/oz.) (ppm)
Stimulants
No Doz (max) 1 tab. 200 200 mg / tablet
Caffedrine capsules 1 tab. 200 200 mg / tablet
Vivarin 1 tab. 200 200 mg / tablet
Cold/Allergy Remedies
Dristan / Drisdan A-F 1 tab. 30 30 mg / tablet
Triaminicin 1 tab. 30 30 mg / tablet
Coryban-D 2 tab. 32 16 mg / tablet
Neo-Synephrine 2 tab. 32 16 mg / tablet
Pain Relievers
Menstrual Relief 1 tab. 60 60 mg / tablet
Anacin 2 tab. 64 32 mg / tablet
Excedrin 2 tab. 130 65 mg / tablet
Midol 2 tab. 64 32 mg / tablet
Vanquish 2 tab. 66 33 mg / tablet
Cope 1 tab. 32 32 mg / tablet

Other Caffeine Products Containing Commonly Available to Children.
Like Breakfasts/ Chocolates/ Snack Bars

Pit Bull Energy Bar

1 oz.

165

165 5579
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Product Serving Caffeine Caffeine consumed
size consumed per per unit volume
serving (mg) (mg/oz.) (ppm)
Snickers Charged 1.830z. 60 32.8 1108
Hershey’s Dark Chocolate Bar  1.450z. 31 21.8 737
Hot Cocoa mix 8 oz. 3-10 04-12 13-42
SumSeeds (Energized seeds) 3.50z. 120 34 1159
Oatmeal (Morning spark) 1 packet 60 60 mg. / meal
Breath Fresheners/Gums*
Jolt Caffeinated Gum 1stick 33 33 mg / stick of gum
Penguin’s Mints (all 3 types) 3 mint 21 7 mg / tablet of mint
Foosh Energy Mints 1 mint 100 100 mg / mint tablet
Perky Jerky 1 oz. 150 150 5072
Wrigley’s Alert Energy Gum 8 piece. 320 40 mg / piece of gum
Other Commonly Use Products
Shower Shock Bathing Soap 12 wash 2400 200 mg / wash
Spazz Stick lip balm 1stick. 250 250 mg / stick
Spot on Energy Patches/Tattoo 1 Patch. 20 20 mg / Patch

*A complete list of 150 items containing caffeine is available on the Web at the
following address http://www.energyfiend.com/caffeine-in-candy. Other sources of
information are Barone, 1996; Carillo, 2000; Juliano, 2005; McCusker, 2006; Reissig,
2009; Heckman, 2010; Gopishetty, 2011; Summers, 2011 and other Web sites like FDA
and www.cspinet.org/new/cafchart.htm.

¥ These products are either withdrawn from market or currently under FDA scrutiny for

potential health safety related issues.
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APPENDIX E
PUBLICATIONS AND PRESENTATIONS

Publications

Mohanty, S. K., Yu, C. L., Das, S., Louie, T. M., Gakhar, L., & Subramanian, M. (2012).

Delineation of the Caffeine C-8 Oxidation Pathway in Pseudomonas sp. Strain CBB1 via
Characterization of a New Trimethyluric Acid Monooxygenase and Genes Involved in

Trimethyluric Acid Metabolism. Journal of Bacteriology 194(15): 3872-3882.

Mohanty, S. K., Yu, C. L., Gopishetty, S., & Subramanian, M. (2013). Validation of

Caffeine Dehydrogenase as a Suitable Enzyme for Development of a Rapid Caffeine

Diagnostic Test. Chemical Research in Toxicology (manuscript submitted).

GeneBank Contributions (Nucleotide)

1. JQ743481.1, Pseudomonas sp. CBB1 TmuM (tmuM) gene, complete cds.
2. JQ743482.1, Pseudomonas sp. CBB1 TmuH (tmuH) gene, complete cds.

3. JQ743483.1. Pseudomonas sp. CBB1 TmuD (tmuD) gene, complete cds.

Presentations

Mohanty, S. K., Yu, C. L., & Subramanian, M. (2012). Development of a Rapid

Colorimetric Assay for Detection of Caffeine in Beverages and Body Fluids Using
Caffeine Dehydrogenase from Pseudomonas sp. CBB1. University of lowa 21" Center

for Biocatalysis and Bioprocessing Conference, lowa City, 1A, USA.



189

Mohanty, S. K., Yu, C. L., Louie, T. M., & Subramanian, M. (2012). Development of a

Rapid Colorimetric Assay for Detection of Caffeine in Beverages and Body Fluids Using
Caffeine Dehydrogenase from Pseudomonas sp. CBB1. 112" General Meeting of

American Society for Microbiology, San Francisco, CA, USA. (ASM Student Award).

Mohanty, S. K., Yu, C. L., Louie, & Subramanian, M. (2011). New Pathway for Caffeine

Degradation in Pseudomonas sp. CBB1: Novel Enzymes, Genes and Metabolites. .

University of lowa College of Engineering Research Open House, lowa City, 1A, USA.

Mohanty, S. K., Yu, C. L., Louie, & Subramanian, M. (2011). New Pathway for Caffeine

Degradation in Pseudomonas sp. CBB1: Novel Enzymes, Genes and Metabolites.
University of lowa 20" Center for Biocatalysis and Bioprocessing Conference, lowa

City, IA, USA. (Usha Balakrishnan Outstanding Student Poster Award)

Yu, C. L., Mohanty, S. K., & Subramanian, M. (2011). Purification, Characterization,

and Molecular Cloning of a NAD(P)H-Dependent Trimethyluric Acid (TMU)
Oxidoreductase from Caffeine-Degrading Strain Pseudomonas sp. CBB1. 111" General

Meeting of American Society for Microbiology, New Orleans, LA, USA.

Mohanty, S. K., Yu, C. L., Louie, T. M., & Subramanian, M. (2010). Purification of a

Novel NAD(P)H-Dependant Trimethyluric Acid (TMU) Oxidoreductase Responsible for
TMU Degradation in Pseudomonas sp. CBB1. University of lowa College of

Engineering Research Open House, lowa City, 1A, USA.
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Yu, C. L., Mohanty, S. K., & Subramanian, M. (2010). Purification and Characterization

of a NAD(P)H Dependent Trimethyluric Acid (TMU) Oxidoreductase from Caffeine-
Degrading Strain Pseudomonas sp. CBB1. 19" Center for Biocatalysis and Bioprocessing

Conference, lowa, IA.

Yu, C. L., Mohanty, S. K., Louie, T. M., & Subramanian, M. (2009). A Novel NAD(P)H

Dependent Trimethyluric Acid (TMU) Oxidoreductase is Responsible for TMU
Degradation in Pseudomonas sp. CBB1. 18" Center for Biocatalysis and Bioprocessing

Conference, lowa City, 1A.
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