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SUMMARY

The chromatographic parameters affecting the reversed-phase high-perform-
ance liquid chromatographic (EIPLC) separation of major and modified nucleosides
with a gBondapak C,s column have been studied. This investigation has resulted in
the HPLC scparation of cighteen nucleosides in a single analysis. The parameters
studied include: the mobile phase flow-rate, pH, methanol concentration, column
temperature and injection volume. Each parameter was investigated individually to
observe the effect on the chromatographic behavior of the nucleosides. The relation-
ships which we have established for the elution of the nucleosides as a function of the
respective parameters investigated can be used to predict their separation.

From these experiments, the chromatographic conditions for the separation
of urinary nucleosides were optimized using both isocratic and step gradient con-
ditions. The step gradient system is more suitable for determining the nucleoside
composition of tRNA hydrolysates, and the complete separation of the major ribo-
and deoxyribonucleosides can be accomplished. Also, we have studied the storage
stability of urinary rucleosides, and have looked for nucleotides and oligonucleotides
in normal and cancer patient urine and found none. In addition, we report a rapid
isocratic system for the scparation of m2G and t°A.

A most significant aspect of this research is the determination of the effects of
various chromatographic parameters on the reversed-phase HPLC separation of the
nucleosides. These findings provide great flexibility in the analysis of nucleosides in
that these data form 2 guide for finding optimal conditions for nucleoside separations.

‘This chromatography is of importance in the accurate determination of tRNA
composition, especially to scientists investigating tRNA biosynthesis, function and
sequence, and also for investigations on the purity of RNA and DNA isolations, and
research on DNA and its modification.

* Contribution from Missouri Agricultural l::‘xperiment Station, Journal Series No. 8417. Ap-
proved by the Director.
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INTRODUCTION

Borek and Kerr! have discussed atypical tRNAs and their origin in neoplastic
ceils. Modifications of the major nucleosides occur by the addition of methyl groups
from S-adenosyl methicnine to specific base residues by specific methyltransferase
enzymes*—* after the synthesis of the macromolecule’~". In tumor cells. tRNA methyl-
transferises are hyperactive and differ qualitatively from those present in normal
tissueS, but they are apparently normal in-benign tumors®. Such evidence would seem
to indicate that either the enzymes or the tRNAs themselves have some contrel over
celi growth and/or proliferztion. Modified nucicosides are found in the urine of both
normal and cancerous animals and humans!®~'5. As there seems to be no mechanisms
for reincorporation of these modified nucleosides into tRNA, the levels of these
nucleosices in urine reflect the extent of modification as well as 2 measure of the
turnover rate of tRNA?Y. Therefore, quantitation of modified nucleosides in urine
could indicate changes in the tRNA profile during differentiation or tumor induction.
Advantzage has been taken of these excretion products to search for biologic markers
of cancer. Such markers would either be indicative of the presence of cancer or it
would paraliel changes in tumor mass and be useful as a management guide to
therapy'>'*. Much researck has been published on studies of tRNA structure, bio-
synthesis and function'®.

Earlier methods of analysis of nucleosides include separations from urine
using cation-exchange isolation followed by silver nitrate precipitation of purines and
two-dimensional paper chr..matography'®, two-dimensional cellulose paper or thin-
layer cellulose plates’® and auion exchange coupled with two-dimensional paper
chromatography or paper electrophoresis'’. These metheds are laborious and of
relatively low sensitivity.

Scparation of nucleic acid components by column ion-exchange chromato-
graphy was demonstrated by Cobn* at about the same time that Moore and Stein™
introduced the separation technique for amino acids. Even though excellent work has
been reported by Anderson??, Uziel et /3, Kirkland®*.*S, Horvath and co-workers*-*7,
Scott et al.>® and others, the ion-exchange chromatography of nucleic acid compo-
nents has not flourished as has the area of ton-exchange chromatography of amino
acids. The ion-exchange chromatographic analysis of nucleic acid components bhas
been hampered by lack of sensitivity and length of analysis time.

More recent methods, which have been applied to a variety of biological
samples, include high-pressure cation-exchange chromatography™—>!, anion-exchange
and icn-exclusion chromatography3?—34, gas-liquid chromatography (GLC)"“Z, high-
pressure liquid chromatography*+*, thin-layer chromatography*%* and reversed-
phase high-performance liquid chromatography (HPLC)*'—°. The thin-layer chro-
matographic (TLC) method from Randerath and Randerath*® and others*s, does not
have the selectivity, efficiency of separation and reliability of quantitative measure-
ment as given by reversed-phase HPLC. However, their method uses tritium labeling
and lquid scintillation counting of the TLCspots and thus has high seasivity. Gehrke
and co-workers®—33 have used GLC for both nucleosides and bases. Although GLC
possesses gocd sensitivity, it raquires extensive purification of the samples and deriva-
tization of the compounds before chromatography. High-performance anion-exchange
chromatography has been applied to urime and tRNA hydrolvsat%“ but this
method requires an analysis time of ca. sixteen hours.



CHROMATOGRAPHY OF NUCLEQOSIDES 131

Reversed-phase HPLC offers simplicity and speed which are not available
with GLC or other modes of chromatcography. Molecules over a range of polarity
can be separated by changing the solvent strength, pH, and temperature of the column.
In 1975 Suits and Gehrke* reporied for the fisst time a reversed-phase HPLC method
for the separation of nucleic acid bases and modified nucleosides. Qur later investi-
gations and the work of Hartwick and Brown® suggest that the versatility of this
chromatographic method would be most useful in molecular biology and cancer
research involving studies of the major and modified nucleosides.

This rescarch presents the fundamental parameters of nucleoside chromato-
graphy by reversed-phase HPLC by evaluating the general effects of fiow-rate, pH,
polarity of solvent and columan temperature. On the basis of the data presented, a
method for the quantitative analysis of nucleosides in urine was deveioped®®->! and is
currently being used in our laboratories as a comprehensive and reliable method with
emphasis on studies of the composition of tRNA® and the excretion of modified

ribonucleosides by patients with different types of cancer>—3%.

EXPERIMENTAL

The chemicals, buffers, standard solutions, chromatographic columns and
other apparatus used were the same as described by Gehrke et al 5!, Davis et al.5%, and
details of the enzymatic hydrolysis of tRNA are presented by Gehrke ef al.57.

RESULTS AND DISCUSSION

Ejfect of flow-rate

A study was made to evaluate the effect of flow-rate on the performance of
reversed-phase HPLC separation oi the nucleosides, using uridine and guanosine as
typical molecules. Performance was evaluated in terms of height equivalent to a
theoretical plate (HETP), capacity factor (%), the separation factor (&), and resolution
(R). The data are presented in Table L. Over the range of 0.1 to 5.0 ml/min, the &’
and ¢ values did not change. The resolution decreased by about 1/2, from 10.24 to
5.00, while the HETP increased for both uridine and guanosine by factors of approxi-
mately 4. A flow-rate of 1.0 ml/min was found to produce a satisfactory separation of
the eighteen nucleosides within a reasonable time. Plots of log HETP vs. log g for three
selected nucleosides, at temperatures of 25 and 40°, are presented in Fig. 1. Linear
relationships were obtained at flow-rates from 1.0 to 2.5 ml/min. ,

Plots of peak height vs. flow-rate are presented in Fig. 2 for G. The linear
relationship for the product (area x flow-rate) vs. flow-rate shows that the equation
of area X flow-rate == a constant. This means that the area measureme=t is inde-
pendent of column efficiency, HETP, aad is directly proportional to the residence
time of the chromatographic band in the flow cell, thus area is inversely proportional
to How-rate.

The relation between peak height and flow-rate is the result of elution band
broadening as flow increases. Hence, the peak height is directly proportional to
column cfficiency. The plot of peak height vs. low-rate can be used as a more con-
venient and accurate method to study the relation between column efficiency and
flow-rate than the traditional Van Deemter plot.
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Fig 1. HETP of nucleosides as a function of How-rate and temperature.

Effect of pH

Fig. 3 presents a plot of adjusted retention times, f, of seventeen nucleosides
as a function of the pH of the mobile phase (0.01 M NH_H,PO, buffer containing
5% methanol). Those molecules with pK values below pH 4.0 and above 8.0 showed
little change in r3tention time with a2 change of pH, whereas, those molecules with
pK values between pH 4.0-8.0 did change retention times to a considerable extent.
Notably, =°C, m°C, m*A, A and m’G showed appreciable changes and their pK
values are 8.7, 4.3, 7.5, 3.5 and 7.1, respectively. Although m’I gave the most drastic
change, no literature values of its pK values were available. The latter would be pre-
dicted from observation and theory™ to be around pH & on the basis of its chromato-
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Fig. 3. Effect of buffer pH oa HPLC retention times of nucleosides.

graphic behavior over the observed pH range. An investigation performed without
methanol in the buffer solution (Fig. 4) shows similar pH effects. However, a some-
what different elution order was observed with these two mobile phase strengths. On
the basis of this study the optimum pH for this group of compounds should be 5.00
or 6.25.

Effect of methanol concentration on elution of the rucleosides
The cffect of methanol in the buffer was evaluated at pH 5.0 as this pH
provided a good separation of nucleosides with and without methanol present. A
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Fig. 4. Effect of buffer pH on HPLC reteation times of nucleosides.

retention time of approximately one hour was used as a practical limit to evaluate
the comapounds at various methanol conceatrations.
The information in Fig. 5 was used to establish an important parameter in

b N
TS
e EN
5
IS =
T SN
S\ :.\. : \§~>“\.\-
a - \.\-‘§:§E\
\\.\:\'
- T - \E‘

HMETHANOCL, %
Fig 5. Separation of necleocidas as a function of methanol percentage.
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optimizing the separation of the nucleosides. A plot of the log of the adjusted retention
time vs. methanol concentration produced 2 near linear relationship. Further, by
dividing the adjusted retention time of each nucleoside at each methanol concentration
(2 2)1% merrano: BY the adjusted retention time at 0% methanol (£ z)ass metnaner, 1f WaS
found that the cighteen nucleosides could be divided into four gromps, with each
nucleoside in each group having a very similar methanol selectivity factor resulting
in very low ¢ and relative standard deviation (RSD) values, as secn in Table II. The
methanol selectivity factor (MSF) expresses the retention of a nucleoside as a function
of methanol concentration, and is the ratio of the adjusted retention time for a
particular nucieoside at a given methanol concentration to the adjusted retention
time of that same aucleoside without methanol.

MSF = (t ’R)i% me:ln:oll(t 'R)O% metkanol

TABLE X

EFFECT OF METHANOL ON THE RELATIVE ELUTION OF NUCLEGSIDES

Group A: @, C, U, AICAR, T, 5°U; Group B: m°C, I, G; group C: m*C, m'I, m'G, ac‘C, m?G,
A; group D: mtA, m’G, miG.

Nuceleoside Methanol (Y%, in buffer®)
0.69 1.00 2.50 5.00 7.50 100
Metkarol selectivity factor = (') 1% mectaratd (8 7) 6% mettenat

Group A, n = 6

X 1.00 0.834 0.633 0.434 0.298 .0.230
c 0.0052 0.0099 0.074 0.019- 0.011
RSD (0 0.63 1.56 3.20 6.46 4.57
GroupB.n =3
x 1.00 0.807 0.588 0.367 0.248 0.170
G 0.0028 0.0074 0.0020 0.0040 0.0006
RSD (29 0.35 1.25 0.54 1.63 0.34
GroupC,rr =6
x 1.00 0.784 0.554 0.334 0.217 0.147
o 0.0068 0.0090 0.0108 0.0093 0.0086
RSD (%) 0.86 162 3.22 429 5.86
GroupD,rn =3 .
= 1.00 0.765 0519 0298 0.187 0.122
c 0.0021 0.0085 €.0058 0.0030 0.0035
RSD (%9 0.27 1.65 194 1.60 284 .

* Buffer: pH 5.07, 0.01 A NH.H,PO..

This shows that the effect of methanol on the retention of nucleosides in each
group is very similar as changes in the methanol concentration will not change their
e values. Conversely, changes in the methanol concentration will greatly affect the
« values of nucleosides belonging to different groups. A graphic presentation of the
four groups is given in Fig. 6. This is important information for the prediction of
nucleoside separation when using mobile phases of different methanol composition.
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The chemical and physical properties common to those nucleosides withia a group,
and their differences between groups are not understood. Were these factors known,
the prediction of the HPLC separation of a broad range of molecules would be

possible.

Effect of temperature on the elution of the nucleosides

The effect of temperature from 25 to 55° on the retention timie of eighteen
nucleosides was investigated and is shown in Fig. 7. The mobility of all the nucleosides
increased zs a linear function over the temperature range studied.

Temperature also plays a significzot role in the separation of the nucleosides,
as seen in Table I and Fig. 8. As seen in Table II1, a similar treatment of the elution
data as with the methanol selectivity factor study was conducted. In this case, the
eighteen nucleosides could be divided into three groups, based on their (¢'g),-/(¢’2)25-
values, which we have designated as the temperature selectivity factor. These data
indicate that the molecular size directly correlates with the effect of temperature cn
the elution of the nucleosides. Group I is composed of smaller molecules than those
in groups II and HI. In addition, polarity of the nucleosides is also a contributing
factor. The effect of temperature on these groups is graphically presented in Fig. 8.

As seen in Fig. 7, a log plot of the adjusted reteation times vs. temperature
gives a linear relation for ali the nucleosides studied. This relaition can be expressed
by tite equation, log (1'p) = KT -+ C, wihere ', is the adjusted retention time, T is
the temperature and C is a2 constant, for the f; at 25°. K- is 2 temperature coefficient
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TABLE I
EFFECT OF TEMPERATURE ON THE RELATIVE ELUTION OF NUCLEOSIDES
Group I: 9, m°C, U, m'A, AICAR, m°C, T, s*U, ac‘C; group II: m3G, m'I; group IIf: m’G, G, I,
m'G, m°G, A.
Nucleoside Temperature ( °C)
25 30 35 40 £5 50 55

Temperature selectivity factor = (t's) /(' =) s

GrouplLbn =9
x 1.00 0.864 0.782 0.672 0.586 0.519 0.445
1 0.079 0.016 0.022 0.026 0.035 0.030
RSD (%) 092 2.10 3.31 445 6.77 6.67
Group I, = 2
x 1.00 0.844 0.724 0.605 0.519 0.434 0.375
G 0.0028 0.0021 0.0021 0.000 0.0028 0.0007
RSD (%%) 0.340 0.299 0.350 0.000 0.65 0.189
Group lllLn = 6 .
x 1.00 0.824 0.701 0.578 0476 0.405 0348
G 0.0046 0.0359 0.0068 0.009 0.009 0.013
RSB (%) 0.56 0.85 1.18 1.93 233 3.81

»

which is a characteristic of each nucleoside. The K. values are very similar for certain
nucleosides, and those nucleosides which have very simitar K values can be divided
into three groups as seen in Table 1. We feel that K is an important chromatographic
factor which to our knowledge has not been studied. The effect of temperature on
the separation of the components of a mixture could be predicted if the Ky values of
each compoaent in the sample mixture were known.
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In a2 separate study, it was shown that the column efficiercy was significantly

increased for this C,, reversed-phase column with increasing temperatures, as seen in
Fig. 1. This change is in part due to a decreased viscosity.

Effect of sarnple vohume injected
Sampliag considerations were: investigated from the trace analysis standpoint

as it was anticipated that reversed-phase HPLC of modified nucleosides could be
used for their analysis in t{RNA. The effect of sample volume on HETP and resolution
are presented in Figs. 9 and 10, respectively. Sample volume injected had no appreci-
able effect, up f0 1000 ul, on the HETP of most of the nucleosides investigated at

HETP (mm)

03

¥
=miC
M .
o = —e- © ™G
180 500 1060
VOLUME INJECTED (i)

Figz. 9. Effect of injection volume cn HETP.
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Fig. 10. Effect of injection volume on resolution of nucleosides. Buffer: 0.01 Af NHLH,PO,, pH 5.0,
0% methanol.

a flow-rate of 1 ml/min. On studying three pairs of nucleosides which eiuted closely,
no significant change in resolution was observed when the volume injected was less
than 500 g4l (Fig. 10). The resolution of the better retained pairs was affected less
by sample volume. Therefore, with medium to large capacity factors, large sample
volumes of dilute sclutions do not adversely affect column performance.

Optimization of nucleoside separations

Based on our earlier described studies, we have developed four sets of chro-
matographic parameters for the reversed-phase HPLC separation of nucleosides.
These include (a) an improved isocratic method, (b) a rapid method for yp, () 2 two
buffer step-gradient niethod and (d) a rapid method for m2G. These four methods are
row described.

Earlier we published®! experimental conditions for a single column isocratic
scparation of seventeen nucleosides in less than 1 h. Our improved methed for the
‘socratic separation (a) and analysis of urinary nucleosides is presented for standards
n Fig. 11 and urine in Fig. 12. By elevating the temperature to 35° and doubling the
:olzmn length to 600 mm, we obtained a more efficient separation than presented
rarliers! of the known wurinary nucleosides from unidentified components present in
wine.

In addition, our routine analysis of nucleosides in urine has been improved by
ke use of 8-bromeguanesine (Br*G) as the internal standard. This internal standard
utes at a clear portion of the chromatogram, thus ecliminating any separation
woblems which would occur as a result of small changes in the separation charac-
eristics of the column. A further improvement in the reliability of the method is
chieved with absorption measurements at 254 and 280 nm. Thus, false elevations of
ucleosides by coelution of other components are detectable. The molar absorbance
atios of nucleosides at 254 and 280 nm under these conditions are given in Table IV.
Towever, the separation of ¢ in some urine samples is not optimal, as unknown
omponents coelute with this molecule. Therefore, a rapid method (b) for the analysis
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Fig. 12. Isocratic reversed-phase HPLC separztion of nucleosides in urine. Sample: 25l orine;
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TABLE IV
MOLAR ABSORBANCE RATIOS OF NUCLEOSIDES AT 254 TO 280 nm
Each vzlue an average of at least two independent analyses.
Nucleoside standard Rfeasured  Eiterctare
254[280 2601280

v 217
C 092 1.08
713 94 0.33
m'A 433
U 2.55 2.78
AICAR 1.30
m*C Q.51
m’'G 1.36
I 5.89 4.17
G 1.60 149
PCNR 1.71
£U 173
mil 3.66
m'G 1.84
ac*C 233
mG 1.80
A 471 6.67
miG 1.56
Be*G 137

of only p was developed to overcome this problemSS. Thus, to obtain a complete
profile of urinary nucleosides under isocratic conditions, two chromatographic
analyses are required.

A still more efiicient separation of urinary nucleosides was achieved using a
two buffer step-gradient elution (¢). Fig. 13 shows the separation of seventeen
nucleosides with Bi®G as the internal standard. The use of this chromatographic
system gives a complete analysis of nucleosides in wurine and is demonstrated in
Fig. 14.

The high sclectivity of this chromatography sysiem is again demonstrated in
the separation of the corresponding major ribo- and deoxyribonucleosides (Fig. 15).
These large molecules are multifunctional and have a difference of only one hydroxyl
group for a hydrogen, however, complete separation was easily achieved. In research,
this chromatography will be most useful in verifying the cross contamination of
RNA and DNA isolates, and can be used for the composition analysis of DNAS.

One approach to the study of potential biologic markers of cancer has been
to study the turnover rate of tRNA. As m2G is unique to tRNA, a rapid method for
the analysis of miG in urine would be useful in studying tRNA turnover rates. A
rapid isocratic separation of m2G (d) from a number of other nucleosides is shown
in Fig. 16. The chromatographic conditions presented in Fig. 16 were the only con-
ditions we have found which separate miG from mem®s?U. The elution position of
t°A is also presented. The analysis of a urine sample for m2G with this rapid chro-
matographic system is shown in Fig. 17. For this analysis to be performed correctly,
the pH of the elution buffer must be precisely adjusted to 4.20. At a pH of 5.1 the
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ovarian cancer patient urine. Cenditions and detection as in Fig. 13.
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Fig. 15. Reversed-phase HPLC separation of mzjor deoxyribo- and ribonucleosides. Sample:
standards, ca. 1.0 nmoles. Conditions as in Fig. 13. Detection: 254 nm, 9.02 a.u.f.s. (upper trace),
280 nm, 0.02 a.u.f.s. (lower trace).

peak shown by an arrow coelutes with miG. A pH of 4.2 is the only pH for which
m}G was completely separated from the other components in urine.

Stability of nucleosides in urine

In our study of nuclecsides as potential biologic markers of cancer, it was
necessary to determine the stability of the nucleosides in urine during storage. Fresh
urine samples were collected, pooled and divided into 0.50-ml aliquots. Duplicate
independent analyses were made to determine the original concentration of each
nucleoside, then aliquots were stored at different temperatures and pH for various
periods of time as noted in Table V. A number of analyses were made during each
storage period, but as no significant variations in the nucleoside concentrations were
observed, except for ac‘C, only the original values and the values for the samples
stored the longest period of time are presented in the table. The concentration of
ac*C changed on day oae and was significantly reduced on storage of urine at a pH
of 9.5 at —20°. The value for m*G was reduced on storage at room temperature for
7 days.

Analysis of urine for riborucleotides

Another investigation was made to determine if significant levels of ribo-
nucleotides are excreted in the urine, or if there are differences in the excretion
patteras of nucleotides between normal individuals and cancer patients. The con-
centrations of the nucleosides in a pooled sample of urine from normal subjects were
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Fig. i6. Reversed-phase HPLC separation of m3G, mom’s*U and t*A. Sample: 250 ul standards,
0.250 nmokes each; ccluman: pBondapak Gy, 600 X 4 mm; buffer: 0.01 M NH H,PO,, pH 4.2, with
159, methanol; flow-rate: 1.0 mifmin; temperature: 35°; detection: 254 and 280 am, 0.0 a.u.fs.

Fig_ 17. Reversed.phase HPLC separation of urinary m3G and t°A. Sample: 250 gl =~ 12.5 gl urine.
Conditions and detection as in Fig. 16.

TABLE V
STORAGE STABILITY OF NUCLEOSIDES IN URINE

1 = Fresh urine, prior to storage; 2 = stored at room temperature, 7 days, physiofogical p ;3
stored 2t —20°, 28 days, physiological pH; 4 = stored at —70°, 28 days, physiological pH; S
storsd at —20°, 6 days, pH 9.5,

Necleaside Storaze condition (amoles{md)

ﬂ ll

1 2 3 4 5

® 169 174 166 162 162
m'A 7.8 7.4 75 890 6.3
PCNR 454 435 447 441 424
mtL 8.7 8.4 89 8.6 8.4
m'G 4.37 423 432 4.18 289
ac'c 106 9.1 i00 10.7 262
='G 255 1.88 260 266 244
=G 7.8 79 7.8 16 1.7
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determined; the chromatogram is shown in Fig. 14. A separate aliquot of this urine
was treated with nuclease P-1 and bacterial aikaline phosphatase to convert oligo-
nucleotides and nucleotide monophesphates to nucleosides™. Analysis of this
enzymatically hydrolyzed urine gave the same nucleoside values as obtained from
the amalysis of the untreated sample. To verify the hydrolysis procedure, calf hiver
tRINA was added to an aliquot of the urine, the urine was then enzymatically hydro-
Iyzed and analyzed. The chromatogram obtained is shown in Fig. 18, demonstrating
the effectiveness of the hydrolysis procedure. Identical results were obtained from
pooled samples from ovarian cancer patients, showing no oligonucleotides or nuclec-
tide monophosphates were excreted by these patients.

Be*G,
[(R=)

ABSORBANCE

"

e S
e

—BUFFER A —«——BUFFER B
1] L] L3 L] \J L) LI I
4] 12 24 36 48 6o 72 84
MINUTES

Fig. 18. Step-gradient reversed-phase HPLC separation of nucleosides and tRNA added to urine.
Sample: 25 izl pooled ovarian cancer patient urine. Conditions 2ad detection as in Fig. 13.

CONCLUSIONS

In this research we describe the chromatography of nucleosides and illustrate
the usefulness and versatility of reversed-phase HPLC for the measurement of major
and modified nucleosides in biological samples. We investigated a numbsr of chro-
matographic parameters and established relationships with respect to the chromato-
graphy characteristics of the nucleosides.

We have found that the elutior of nucleosides is a linear function of concen-
tration of methanol and column temperature. It was found that the seventeen nucleo-
sides could be divided into groups and the effect of methanol and temperature on the
retention of nucleosides in each group is very similar. Changes in the methanol con-
centration or temperature will not affect the separation of the membess of a group;
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on the other hand, changes in these parameters will greatly alter the separatien
factors for nucleosides in different groups. This is an important Snding which can be
used m predicting the separation of aucleosides. Also, the degree of ionization of
nucleosidss is directly related to the pH of the solvent and is an important factor
affecting the ehition characteristics. The effect of pH on the retention profile of
necieosides yields significant information toward the selection of optimum separation
coanditions.

Based on this new information, we established a set of experimental conditions
for the isocratic and step-gradient reversed-phase HPLC chromatography and quanti-
tative measurement of the major and modified nucleosides in biolagical substances.
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