This article was downloaded by:

On: 27 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Nucleosides, Nucleotides and Nucleic Acids

MICIEOS.idES} Publication details, including instructions for authors and subscription information:
Niucleotides http://www.informaworld.com/smpp/title~content=t713597286

Isolation and Characterization of 3-(3-Amino-3-Carboxypropyl)Uridine

from Human Urine
Girish B. Chheda?; Henry A. Tworek?; Arvind K. Bhargava®; Elliot Rachlin; Shib P. Dutta® Helen B.
Patrzyc®
 Departments of Biophysics Roswell Park Memorial, Institute Buffalo, New York ® Laboratory

L i ey, Medicine Roswell Park Memorial Institute, Buffalo, New York ¢ Department of Medicinal Chemistry,
Dot ldun University of Utah, Salt Lake City, Utah

WOLLUME 24 MNUMBER 4 i)

To cite this Article Chheda, Girish B. , Tworek, Henry A., Bhargava, Arvind K. , Rachlin, Elliot , Dutta, Shib P. and
Patrzyc, Helen B.(1988) 'Isolation and Characterization of 3-(3-Amino-3-Carboxypropyl)Uridine from Human Urine',
Nucleosides, Nucleotides and Nucleic Acids, 7: 4, 417 — 429

To link to this Article: DOI: 10.1080/07328318808075388
URL: http://dx.doi.org/10.1080/07328318808075388

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformworld.conlterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597286
http://dx.doi.org/10.1080/07328318808075388
http://www.informaworld.com/terms-and-conditions-of-access.pdf

09: 10 27 January 2011

Downl oaded At:

NUCLEOSIDES & NUCLEOTIDES, 7(4), 417-429 (1988)

ISOLATION AND CHARACTERIZATION OF 3-(3-AMINO-3-CARBOXYPROPYL )URIDINE
FROM HUMAN URINE®

Girish B, Chhedaft*, Henry A. Tworektt, Arvind K. Bhargava$
Elliot Rachlint, Shib P, Duttatt and Helen B. Patrzyctt

Departments of Biophysicstt and Laboratory Medicine$§,
Roswell Park Memorial Institute
Buffalo, New York 14263
and
Department of Medicinal Chemistry?
University of Utah
Salt Lake City, Utah 84112

Abstract: A new modified nucleoside, 3=(3-amino~3-carboxypropyl)-
uridine was isolated from a 24 hour collection of a normal human urine.
The structure was assigned on the basis of UV, NMR and mass spectrometry
data and confirmed by comparison of the spectral data and HPLC

mobilities with those of an authentic sample. Origin and significance
of this nucleoside 1in relation to tRNA is discussed. The new nucleoside

is present also in the urine of cancer patients but in smaller amounts,

Introduction

We have been engaged in the isolation and characterization of modi-
fied nucleosides present 1in human urinel’z, Of more than 65 modified
nucleosides known to be present in mammalian tRNAP, 21 have been

isolated from human urine. Included among these are the anticodon adja-~

*To whom inquiries should be addressed.

a) This study was presented in part at the 35th conference of the
American Soclety for Mass Spectrometry and Allied Topics, May 1987,
Denver, CO.

b) Abbreviations used are: tRNA, transfer ribonucleic acid; acp3U,
3-(3-amino-3-carboxypropyl)uridine; tbA, N-[(N-9- g -D-ribofuranosyl-
purin-6-yl)carbamoyl]-L-threonine; TMS, trimethylsilyl; CML, chronic

myelogenous leukemia; nucleoside Q, queuosine,
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Fig. 1. 3-(3-amino-3-carboxypropyl)uridine

cent modified nucleosides t6Al and 1-methylinosinel. In addition
to these nucleosides, a number of other modified nucleosides such as
2'-O-methyluridine3 and N2,N2-dimethylguanosinel are also
excreted routinely 1n human urine. With the exception of queuosine4
and 1nosine5, the modified nucleosides are blosynthesized by altera-
tion of the four common nucleosides present within the tRNA precursor
polynucleotide chains6, In contrast to the insertion of modified
bases such as queine and hypoxanthine, modified nucleosides cannot be
incorporated into the macromolecular nucleic acids. As a result,
modified nucleosides once released in the process of tRNA turnover,
cannot be re-utilized; they are either metabolized or excreted intact in
urine7’8. Much remains to be learned about the process of tRNA
turnover and ahout the metabolism of the modified nucleosides in man.
Reported herein is the isolation and characterization of a hyper-
modified nucleoside 1dentified as 3-(3-amino-3-carboxypropyl)uridine
(acp3U) (Fig. 1) 1solated from the urines of a normal volunteer and
two cancer patients. This study constitutes the first report on the

presence of acp3U in urine.

MATERTALS AND METHODS

Neutral charcoal (Norit) was purchased from Fisher Sclentific Co.,
and Celite 545 was obtained from Johns-Mansville Co. DEAE cellulose
(DE-23) and AG1-X8 formate (200-400 mesh) anion exchange resin were
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obtained from Whatman and Bio-Rad Labs., respectively. Deuterium oxide
(99.96 atom % D) was purchased from Aldrich Chemical Co. Glass dis~-
tilled methanol was ohtained from Burdick & Jackson while the deionized
distilled water used in reversed-phase high performance liguid chroma-
tography (RP-HPLC) was prepared in our laboratorv. Silvlating reagent
bis(trimethylsilyl)trifluoroacetamide containina 1% trimethyvlchlore-
silane was purchased from Reais Chemical Co. An authentic sample of
acp3U was kindly provided by Professor James A. McCloskey of the
University of Utah.

Ultraviolet (UV) spectrophotometry, Ultraviolet spectra were

recorded on a Cary 219 spectrophotometer which was zeroed with water
using the auto baseline feature,

Nuclear magnetic resonance (NMR) spectrometry. NMR spectra were

determined on a Bruker WP-200 (200 MHz) spectrometer hy utilizina the
Fourier-transform/ quadrature phase detection mode, Sample temperatures
were maintained at 30° with the BVT-2000 tempnerature controller of the
WP-200 spectrometer, Unless stated otherwise, the chemical shifts
reported here are given in (§) pom, and are measured from internal TSP
(sodium 3-trimethvylsilvlpropionate-2,2,3,3-d4), 'The urinary unknown was
lyophilized three times from 99.5% N30 and then dissolved in 99.9%

D20 for NMR analysis.,

Mass spectrometry (MS) and gas chromatography/mass spectrometry

(GC/MS). Low resolution mass spectral and GC/MS studies were carried

out using a Finnigan 4000 quadrapole instrument interfaced to an INCOS
data system. High resolution exact mass determinations bhv peak matching
(R = 10,000) were performed on a Varian MAT 731 instrument, Sample
introduction was via the direct probe inlet with solvent reagent removal
in the probe lock prior to prohe insertion.

All samples were analyzed as their trimethylsilyl (TMS) derivatives
which were formed by heating approximately 0.02A263 units (800 ng) of
vacuum dried material with anhydrous pyridine and bis{trimethylsilyl)-
trifluoroacetamide (BSTFA) containing 0,1% trimethylchlornsilane (TMCS)
(1:1) in a sealed melting point capillary tube at 78.5°C for 1 hour,

A fused silica capillary column (30 meter 1long, 3% S¥-30, 25 um
film thickness) was fitted directly into the ion source allowing for
maximum sensitivity. Samples were injected in the splitless mode (in-

jector temp. 280°C) and the column oven was temperature programmed from
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80°C (2 min., hold) to 280°C at a rate of 10°C/min, for each rnn., All
mass spectral information was obtained at an ionizing voltage of 70 ev,
Chromatography

Reversed phase high performance liquid chromatography (RP-HPLC).

RP-HPLC was carried out on an Altex Model 332 gradient liquid chromato-
graph, equipped with an Altex model 420 system controller programmer and
an Altex model 153 analytical UV detector with a 8 pL flow cell set at
254 nm and with the C-R1A Altex recorder and inteqrator. For the
preparative chromatography, a Zorbax reversed phase ODS C18 column
(21.2 mm x 25 cm, 8 pm) fitted with a 5,0 ml injection loop was used.
For the purification and coinjection studies an Ultrasphere reversed
phase ODS Cy18 column (10.0 mm x 25 cm, 5 um) fitted with a 2.0 ml
injection loop was used. The following RP-HPLC solvent systems were
used for coinjection studies: A) isocratic, 5% methanol in water, flow
rate, 3 ml/min; B) isocratic, 0.1 M ammonium acetate buffer, pH 5.3,
flow rate, 3 ml/min; C) isocratic, 0.1 M ammonium acetate buffer, pH
3.8, flow rate, 3 ml/min; D) gradient elution with O *15% methanol in
water in 15 min, flow rate, 3 ml/min.

Isolation of unknown urinary nucleoside I, A 24 hr urine collec-

tion from a normal male human volunteer (1490 ml) was adjusted to pH
3.6, filtered and passed through a column (3.8 x 50 cm) of charcoal-
celite (50 g each)., The column was washed with water (v3 1) until the
washings were chloride free. The column bound material was eluted with
2N NH40H in 50% aqueous ethanol (“3 1) until the absorbance at 260 nm
was below 0.20. The eluate was concentrated to 100 ml and applied to a
column (3,8 x 50 cm) of AG1-X8 formate anion exchange resin (200 gq)
equilibrated with water. The column was washed with water (v3 1) until
the absorbance of the eluate at 260 nm decreased below 0,2, The con-
centrated water eluate (50 ml) was applied to a DEAE cellulose (50 q)
column (3.8 x 50 cm) equilibrated with 0.14 M boric acid10, The column
was washed with 0.14 M boric acid (1,5 1) and then eluted with 2 1 of
0.7 M boric acid to obhtain the desired nucleoside fraction., The 0.7 M
boric acid fraction was evaporated to dryness by repeated additions of
methanol (4 x 100 ml)., The salt free residue was dissolved in 15 ml
water, filtered and applied in three injections to a Zorbax preparative
RP-HPLC column. A gradient of 0 +» 25% methanol (in 1 hr) in 0.1 M

ammonium acetate buffer (pH 7.0) with a flow rate of 8 ml/min was used
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for elution. The unknown I was isolated from the combined pool of
material eluting at 18 min. Purification to homogeneity was achieved on
a semi-preparative Ultrasphere RP-HPLC column with the unknown nucleo-
side eluting at 26 min in water at a flow rate of 4 ml/min (160 .g).

The purified material exhibited UV spectra with a Apzx (nm) at
263 (pH 6.0), 263 (pH 1.0), 263 (pH 11,0) with a similar molar extinc-
tion at all pHs. This material was used for all subsequent characteri-
zation studies. The unknown nucleoside was isolated also from the 24 hr
urine collections of a CML patient (42 ug) and a lung carcinoma patient
(120 ug).

RESULTS

The ultraviolet spectra of the unknown urinary nucleoside I (Fig.
2a) exhibited maxima at 263 nm in neutral, acidic and alkaline media
with almost no change in the molecular extinction coefficients. These
maxima coupled with the similar wolecular extinction coefficients at the
above plis is suggestive of an N-3 substituted uridine. Retention time
of the urinary nucleoside 1 on RP-HPLC and differences in NMR resonances
clearly excluded 3-methyluridine as a structure for this unknown.
Investigation of other known modiried nucleosides suggested that this
substance could be the other 3-substituted uridine occurring in tRMNA.
This led to the comparison of the UV spectra and other physico-chemical
parameters of the unknown nucleoside witn those of acp3U (Fig.
2b)11_

The NMR spectrum of the unknown nucleoside in DZO revealed a pair
of doublets centered at 7.89 ppm and 5.97 ppm suggesting that these
could be assigned to the Cg-H and Cg=H protons of the uridine moiety
(Figq. 3a)., A doublet centered at 5.94 ppm and multiple peaks in the
3.6-4.5 ppm region were consistent with the splitting patterns of the
anomeric proton and the other rihose protons, respectively., In addition,
the multiplet centered at 2.25 ppm could be assiqned to the protons on
the B -~carbon of the side chain >CH-CHaCHy attached to a pvrimidine
moiety. The NMR spectrum of authentic acp3U in D0 revealed 3 sets
of doublets at 7,89, 5,98 and 5.95 ppm and a mnltiplet centered at 2,23
ppm (Fig. 3b, Table 1). These resonances agreed well with those present

in the NMR spectrum of the urinarv nucleoside I.
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Fig. 2. Ultraviolet spectra of (a) unknown urinary nucleoside

(1), and (b) authentic acp3U.
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Fig. 3. NMR spectra of (a) unknown urinary nucleoside

and (b) authentic acp3U in D,0.

Mass spectrometry studies gave further insiqght into the structure
of the unknown urinary nucleoside I, The TMS derivative of urinary
unknown I gave a molecular ion at m/z 633 with an M-15 ion at m/z 618
(Fig. 4a). Rased on the mass spectra ohtained by McCloskey and his
associates!! this is a spectrum of the tetra trimethylsilyl derivative
(TMS)4 of acp3U. The measured exact mass of the M-15 ion was
618,2543 suggesting a molecular composition of Co5H51N30g8S1ig
(calcd., 618,2519) for the molecular ion of the silylated compound and
C13H19N30g8 for the free nucleoside. The ions at masses 516 and
461 are unique to this urinary nucleoside and arise from the modified
base, while the ions at m/z 349, 259, 243 and 217 correspond to the

unmodified sugarl1,12, High resolution mass measurement of the ion at
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Table 1
Chemical Shifts (§) and J Values (Hz) for !Inknown flrinary

Nucleoside I Compared with Anthentic acp30 in D30

Componnds Cg-H(J) C5=H(T) Cy-H(J) >CH-CH-CHy

nknown urinary

nucleoside (T) 7.89 (8,0) 5,97 (8.1) 5.94 (4,.3) 2.25(m)
Authentic
acp3U 7.89 (8.1) 5,98 (8.0) 5.95 (4.2) 2.23(m)

m = miltiplet,

516,2378 shows that it represents the characteristic loss of
COpMgt! (calcd, 516,2381), in further support of the molecular
composition of Cy3HigN308, corresponding to a molecular weight
of 345 for underivatized I,

The mass spectra of the tetra TMS derivative of the aunthentic
sample are identical to those of the urinary unknown I (Fig. 4b), 1In
addition to the tetra TMS derivative, a penta ™S darivative was also
formed from hoth the unknown I and the synthetir acp3u, The latter
derivative gave a molecular ion at m/z 705 and M-15 ion at m/z 690,

The retention times on RP-HPLC of the naturally occurring nucleo-
side I and that of the authentic acp3U are very similar in four
solvent systems as shown in Table 2, On coinjection with authentic
acp3U, the mixtnre eluted as a sinqgle discrete homogenocus peak in four
solvent systems further supporting the identity of the unknown.
Complete agreement in UV, NMR and GC/MS spectral data and HPLC and GC
retention times with those of the authentic sample unequivocally identi-
fied the unknown urinary nucleoside T as 3-(3-amino-3-carbhoxypropyl)-

uridine,

DISCUSSION
The new nucleoside acp3U was isolated in the amount of 160 yugq

from the 24 hour urine collection of a normal human volunteer, It was
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Tahle 2
Comparison of RP-HPLC Retention Time (min.) of Unknown Urinary

Nucleoside (I) and Authentic acp3uy

Solvent System¥*

Compounds (n) (B) (c) (D)
Unknown urinarv nucleoside (I) 9.15 19,40 11.83 11,81
Authentic acp3U 9.07 19.74 12.06 11.76
Mixture of I and authentic acp3y 9,28 19,36 12,01 11.76

*See Material and Methods section for solvents,

found also in the 24 hr urine collections of one CML (42 ug) and lung
carcinoma (120 ug) patient, This hypermodified nucleoside was origin-
ally isolated from the extra region (loop III) of trNAPhe  of E.
ESll”’13'14- The ubiquitous presence of acp3J in tRNA from
15, 16, lupine seed‘7, rat18,

Drosophila melanogaster wheat germ

and bovine liver as well as human liver and placental® guggests its
conservation in evolution., One notable contrast is its location in the
extra loop (loop III) in the procaryote E. coli tRNA and its relocation
into the dihydrouridine loop (loop I) in the higher eucaryotes. Another
interesting feature is its anomalous location in tRNA, since more than
20 hypermodified nucleosides are situated either in the first position
(Wobble position) of the anticodon, e.qg. nucleoside 0O, or adjacent to
the 3'-end of the anticodon, e.q. tPA20, The relevance of acp3U in
terms of location and function remains unknown. To date, detection of
acp3U has been exclusively through tRNA sequencing. Fxcretion of the
free nucleoside I in human urine or any other biological fluids has not
heen reported previously.

As to the origin of this material, Nishimura2! has shown that
biosynthesis of acp3U in procarvote tRNA occurs at the macromolecular
level. The proposed mechanism involves the cleavage of S-adenosyl-L-

methionine to generate 5'-deoxy-5'-methylthioadenosine and a 3-amino-3-

carvoxypropyl moiety which reacts with an appropriate uridine in tRNA to

form acan at a specific site, Similar mechanisms exist in mammalian
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systems for the biosynthesis of acp3022. In analogy with the other
modified nucleosides, it 1is suggested that the wurinary acp3U is
derived from human tRNA turnover7.

Any deficiency in substrate or modifying enzyme could result in
undermodified (hypomodified) triA23,  The detection of decreased
levels of acp3U in the urines of the two cancer patients may suggest a
perturbation of this modification mechanism in the neoplastic state.
For example, the hypermodified nucleoside Q was absent or markedly
reduced in a variety of tumor tRNAs24, 25 suggesting a relationship
between the neoplasia and hypomodification26-28- Rapidly regenerating
normal rat liver was also found hypomodified for nucleoside Q and for
acp3U29- It would appear therefore, that growth regulation and tRNA
turnover rates significantly influence the modification phenomenon.

Functions of hypermodified nucleosides in general are not well
understood; however their structural complexity and specific site
locations encourages one to speculate that they might play a definite
role in the regulation of tKNA interaccions30»31, While the specific
3

significance of acp U remains unclearl?s32, its ubiquitous presence

in a wide range of organisms invites speculation as to its importance in
tRNA biomechanisms. As has been suggested, a decreased wurinary
excretion level may mark an increase in abnommal cellular processes
occurring with the neoplastic transformation. Altered levels of
modified nucleosides excreted in the urine may, therefore, prove use-

ful for monitoring abnormal enzymatic and blochemical cellular events.
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