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SUMMARY

: A quantitative gas-liquid chromatographic method has been developed for
the analvsis of the base composition of ribonucleic acid and deoxyribonucleic acid
hydrolysates at the macro (1.0 my) and semimicro (100 gg) levels of total nucleic acids,
and a semi-quantitative method for micro samples (500 ng of cach base). An anion-
exchinge cleanup procedure to remove perchlorates, phosphates, and other inter-
fering products released during hydrolysis of the sample is included. Silyvlation
of the bases was conducted in a closed reaction vial with  bis(trimethyisilyl)-
trifluoroaccetamide; with chromatography on a 10 w/w v, SIE-30 1oo/120 mesh
Supeleoport column. Three different ribonucleic acids and two deoxyribonucleic
acids were analvzed at the three levels, The results at cach level were precise and
in good agreement with literature values.

INTRODUCTION

Because of the importance of nucleic acids to the genetic code, many researchers
have studied the biological function and chemical structure of the various nucleic
acid components (purine and pyrimidine bases, nucleosides, and nucleotides). The
biological function of deoxyribonucleic acid (DNA)Y or ribonucleic acid (RNA)
depends on the base composition of the polymer and the sequence of the bases in
the polymer.

Many methods for the detection of the nucleic acid components have been
developed with varying degrees of quantitation obtained. These methods include
ion-exchange chromatography by Conx', paper chromatography by VISCHER AND
Cuanaarr®, paper electrophoresis by GORDON AND RErcnarn®, thin-layer chromato-
graphy (TLC) by RaNpERATIHY, paper chromatography and time of flight mass
spectrometry by STubDIER ¢f «l.8, and gas=liquid chromatography (GI.C) by MacGrrS,
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Hastizume AND SASAKIT, GEHRKE AND Ruvie®, and the authors of this paper®.

Many of these methods have been used for the analysis of the base composition
ol RNA and DNA hvdrolysates, However, before analysis, the nucleig acids must
be hydrolyzed into bases, nucleosides, or nucleotides, depending on the type of
hydrolysis employed. In 19060, JorpaN!® presented the different types of hyvdrolysis
used to obtain the various monomers., Sample plus 7o', HCIO, heated in a closed
tube ot 100° for 4o min has been aceepted as the best hydrolysis procedure to obtain
the purine and pyrimidine bases, Concentrated formic acid or trifluoroacetic acid
also has been employed to yield bases. To obtain the nucleosides or nucleotides
much milder hydrolysis conditions are necessary, and complete conversion to cither
the nucleosides or nucleotides is often not achieved.

Many rescarchers, including HepGeoTin axn Jocoroxt!, MoNjarpiNo'™, and
Lercn ef al'3, have used TLC with spectrophotometric detection and quantitation
for the analysis of the base composition. These methods are time consuming, semi-
quantitative, and the amount of sample is fairly large (more than 100 pg). An clectro-
phoretic method by Borkowskr ¢f al.' gave a good analysis on a minimum of 50 ug
of total DNAL Hiny axp KrOGerR'™ in 1967 used a combination of TLC and electro-
phoresis [or nucleotide analysis of RNA, but did not obtain quantitative data.

GLC, because of its speed, sensitivity, and quantitative aspects, appeared to
be the best miethod available for the analysis of nucleic acid base composition,
In 1966, MAcGEEY reported on the analysis of RNA by GLC The samples were
hydrolyzed with perchlorie acid, followed by ion-exchange cleanup to remove the
interfering compounds. MacGee used the N-methyl derivative, which gave multiple
peaks for some of the bases, but he was able to obtain quantitative data, Hasnrzesme
AND Sasar!l?, in 1gb8, reported the analysis of RNA using the trimethylsilyl (TMS)
derivative. The nucleic acid was hydrolyvzed with perchloric acid, and the excess
perchloric acid was precipitated with KOH. Silylation was achieved with hexamethyl-
disilazane (HMDS) and trimethvlchlorosilane (TMCS) in pyridine. Single peaks for
all of the buses were obtained, and quantitation was good: but, 20 mg of RNA
were necded for cach analysis, GEIRKE AND RUyLER, in 1968, presented o method
for the analvsis of 5 mg of RNAL The nucleie acid was hydrolyzed with perchiorie
acid, followed by precipitation with KOH and ion-exchange cleanup to remove the
phosphate and sugar. The TMS derivatives of the bases were formed with bis
(trimethylsilvhacetamide (I3SA) and chromatographed on an SE-30 column. The
method was quantitative, but 209, of the bases were lost during cleanup. In 1969,
Joconox ef al¥ reported on the analysis of RNA using the TMS derivative of the
nucleosides. The method was quantitative, but the sample size was large.

Since many biological samples are available only in microgram quantities,
these methods are not useful to determine the base composition. A method was
needed that could determine the base composition of RNA or DNA at a biologically
significant level. We reported a GLC method for the silylation and chromatography
of the purine and pyrimidine bases at macro (100 pg @), semimicro (10 pg @), and
micro (300 ng @) levels with good quantitation at all levels®. The purpose of this
investigation was to develop a method for the analysis of nucleic acid hydrolysates
‘at macro, semimicro, and micro levels. This would include the development of a
cleanup procedure which would give quantitative recovery of the bases at these
levels, This cleanup method, with the silylation and GLC method developed carlier,
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would provide o simple, quantitative, and fast method for the analysis of the base
composition of RNA and DNA in a sample size as small as 5 g of nucleic acid,

CLEANUD AND ANALYSIES OF RNA AND DNA

Apparatus

An Fand M goz2 biochemical gas chromatograph (19 and M Scientific, Division
of Hewlett-Dackard, Avondale, Pil), equipped with dual hydrogen flame detectors,
wits used in this investigation,

For clevited temperature reactions, a sand bath with a variable temperature
control (- 2,07 was constructecd.

Standards and jon-exchange cleaned nucleic acid hydrolysates were dried on
a4 00" hot plate with an TR lamp or a Go™ hot plate with o stream of pure nitrogen
gas, .

The ion-exchange columns used in this study were 4 130 nun, 9 < 1530 mm,
and 15 0 150 mun pyrex gliss with teflon stopeocks and were obtained from Fischer
and Porter Company, Warminster, Pa.

The other apparatus used in this study was described in o previous paper?,

Reagents and mnaterials

The micro reaction vials were obtained from Analytical Biochemistry Laborato-
ries, Inc., Box 1097, Columbia, Mao,

The purine and pyrimidine bases (uracil, thymine, cytosine, adenine, and
guanine) were obtained from Mann Rescarch Laboratories, New York, N Y., and
were chromatographically pure. The bis(trimethylsilyl) trifluoroacetamide (BSTIEAN)
wits purchased from Regis Chemical Company, 1101 North Franklin Street, Chicago,
I, in tellon-lined serew cap vials, Acetonitrile, methyvlene chloride, and dichloro-
cthane were of “nanograde’” purity and were purchased from Mallinekrodt Chemical
Works, St Louis, Mo, as well as formic acid, acetic acid, and perchlorie acid,
Dowex 1 Xz anion-exchange resin was obtained from Dow Chemical Company,
Midiand, Mich.: and AG 1-X2, Bio-Rex g, and AG 3-Ng anion-exchange resins
were purchased  from Bio-Rad  Laboratories, Richmond, Calif. Amberlite TR-41
and Amberlite CG-rzo resins were obtained from Mallinckrodt Chemical Works,
The water was triply distilled from an all glass distillation apparatus, The other
reagents used were of the highest purity available,

The yeast RNA T was obtained from Dr. Jasis Ross, Department of Plant
Tathology, University of Missouri; veast RNA IT and tobacco mosaic virus RNA
(TMV-RNA) were obtained from Dr. Oz Searal, Department of Geneties, Univer-
sity of Missouri, T'he salmon sperm DNA was purchased from Mann Research Labo-
atories, New York, N, Y., and the calf thymus DNA was purchased from Sigma
Chemical Company, St. Louis, Mo,

Tustrumental and chromatographlic conditions

The chromatographic columns used were 1o w/w ', GC SE-30 (straight-
chiained polymethylsiloxane) on 100/120 mesh Supelecoport (chromatographic WV
type). The column materials were packed in glass columns (borosilicate), which
were T m long with an I. D, of 4 mm. The columns were held in the chromatographic
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oven by front and back teflon ferrules on normal Swagelok fittings, For column
preparation and conditioning procedures, see our previous paper?,

‘ The instrumental conditions were @ 7.57/min temperature progriun with
4-min initial hold. The progriom ran [rom go” to 250 The detector was operated
in the 280" to 3207 region, and the injection heater was at approximately 200", The
gas flow rates were as follows: nitrogen, jo ml/min; hydrogen, 30 ml/min; air,
3ou ml/min. The attenuation for macro samples was Lo -0 32 (1.2 = 107" al.s,,
for semimicro samples it was 10 x 8 (3.2 < 10~ a.fx), and for micro samples it
was 10 02 (8 o107 afs),

Develvpment of a cleanup procedure for the analyvsis of the purine and pyvridine hases
Srom a nucleic acid livdrolysale

Before the analysis of the base composition of a nucleic acid could be performed,
it was necessary to hydrolyze the nacleic acid into its various monomers. To hydrolyze
a nueleic acid to the bases, MacGre used 70, perchlorice acid in a closed tube at
100 for 4o min. Hasmzoese axp Sasart” and GruriE AaND RuyLeY also used this
procedure in their investigations with good success.

Because the perchlorate interfered with the silyviation of the bases, it was
necessiary to first remove it from the sample. Hasinzose AND Sasarl precipitated
the perchlorate with KOH before silyvlation with HMDS and TMCS, and they were
able to obtain good results for macro sumples. GEHREKE AND RUYLE also precipitated
the perchlorate with KOHM, but because BSA wias o more powerful silylating reagent,
an fon-exchange cleanup was needed to completely remove the interfering compounds
from the sample, including the phosphate and degradation products of  ribose,
They found that approximately 20, of cach base was non-selectively lost during
precipitation, transfer, and ion-exchange cleanup. The development of a quantitative
method for the analysis of the base composition of RNA and DNA would require
05 to 100 ", recovery of the bases, thus it wis necessiary to develop acleanup method
thut would give this recovery without adding impurities and that would remove the
perchlorate and phosphate from the sample.

Trweo-colimn method

The perchlorate used for the hydrolysis and the phosphate can be removed
by anion-exchange chromatography. The perchlorate and phosphate free bases can
then be dried, made alkaline with KOH, and placed on another anion-exchange
column for the removal of neutral (sugar) compounds,

With thisoutline, the following two-column method was developed for the cleanup
of a nucleic acid hydrolysate. The method was developed with standards of each base,
ribose, and H4PO,.

TWO-COLUMN METHOD

1. Hydvolysis

() Add 0.5 ml of 704, perchloric acid to o1 myg ciach of U, 1, C A, G, ribose, and Hy PO, in
: @ 10 75 mm culture tube.

(b) Seal the tube with o teflon-lined cap and heat it ot too® {or jo min.

{(c) Cool the tube to room temperature and dilute the saimple to 3 ml with triply distilled water

2. Renmoval of anions

(1) Place the hydrolvzed sample on i 15 < 70 mm anion-exclunge column of Dowes =Xz
formate (50/100 mesh).

(b) Wash the column with 7 ¢ 3 mil triply distilled witter at a rate of 1 ml/min.
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(¢) Discard the tirst 3 ml,

(1) Colleet the next 6 = 3 mlin a culture tube (8.5 ml total capacity), evaporating while collecting
with i 9o® sand bath ind a stream of pure nitrogen gas,

(v) Evaporate to dryness,

3. Removal of newdral imolecules

(i) Dissolve the dricd sample in 2 mlof o.5 N KO

(b) Plice the sample on a9 2 6o mim anion-exchange column of Dowex 1-Na formate (30/100
mesh).

() \Wash the column with 12 < o ml triply distilled water at o rate of 1 mi/min and discird.

() Elute the column with 0 22 3 mlof 1 N formic acid.

(v) Discard the tirst 3 ml.

(f)y Collect the next 5 < 3 mlin a culture tube (4.5 mi total capacity), evaporating while collecting
with i go? sand bath and o strewm of pure nitrogen gas,

(¢) Lvaporate the siunple to complete dryness.

Note: methylene chloride was used to azceotrope the last traces of witer,

4o Nilvlation

(i) Add oz ml BSTEN and o2 ml acetonitrile containing roo g phenanthrene (internal standard),

(b) Tightly seal the vind and silvlate at 1507 for 15 min,

() Cool and inject 3 to 4 ol into the GC,

To evaluate the procedure, ciach column was analyzed independently, and
s i two-column method, For these analyses, twelve standards of 100 wg of each
base were pipetted from o stock solution (3.3 mg of cach base/1oo ml o.r N HCl ~
o.10 myg of cach base/3 ml) and dried on a 6o° hot plate with a stream of pure
nitrogen gas. Four of the samples were hydrolyzed with 7o', perchloric acid
and cleaned by the first anion-exchange column only. Another four of the samples
were dissolved in 2 ml of 0.5 &V KOH and cleaned by the second anion-exchange
column only. Then, o.4 mg ribose and o4 mg H,PO,; were added to four of the
samples, which were carried through the total two-column anion-exchange cleanup
method.

The dried samples were silvlated and analyvzed by GLC (for development of
the silylating conditions and instrumental settings, refer to our previous paper'),
The chromatographic peak areas were integrated, and the RMWRp/s values were
caleulated as follows:

Aren puse

T/ NW
RM Iy, = 0D

Areag, s,

B /MWL,

An 1., MW
R R, = b s Bl 22000
vativen ALs, £n MW,

where
Arcapnge = arca of the chromatographic peak for the base

Arearg, = area of the chromatographic peak for the internal standard
MW molecular weight

I

f

Cytosine gave two chromatographic peaks, and the RMReyr.s, was calculated by
integrating each pealk separately and adding the arcas to obtain the total area.
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From the RM Ry, viues for the twelve samples and the RATRpy s, values
for stdnd.u ds not carried through the cleanup steps, the 2, recovery was caleulated
as
n Wlun /1.5, (.1lu-x‘ le.mup)

y TCCOVETY o - - o e » 100
TR /1.5, (H(-lll(ldl(l\)

e
‘

The average 5, recoveries for the four samples for each experiment are presented
in Table I.

(One-colitnn method

As the two-column method presented was time consuming, madifications in
the procedure were made to speed up the cleanup for simplification, without atfecting
the recovery of the bases.

, Drying of the sample. The evaporation of the simple while collecting the cluate
from the anion-exchange column was very time consuming., A faster method for
drying the cluate, which did not affect the sample, was needed. Thus, to determine
the best dryving method for the column cluate, the following drying methods were
evitluated : rotary evaporation, Ivophilization, a hot plate with an TR lump, and a
Tot plate with o stream of pure nitrogen gas, Each method was studied by diluting
four aliquots (100 pg of ¢ base) in 3 ml of 0.1 A HCI with zo ml of triply distilled
water, The samples were concentrated to approximately 2 ml and then transferred
to a culture tube before cvaporation to complete dryness, derivatization, and
chromatography.

Ton-cxchange columns. ven with modifications of the dryving step, the total
method was still fairly time consuming. To further modify the method, each anion-
exchiange column was evaluated with ribose and phosphoric acid added to all samples,
Tt appearced that the second anion-exchange column wis not needed as the analysis
of standards with added ribose and H, PO, <howed that the ribose was completely
degraded by the hydrolysis, and the phosphate and perchilorate were removed by
the first anion-exchange column. Thus, the following one-column method was devel-
opud.

ONE-COLUMN METHOD
o Hyvdrolysis
Derchlorie acid plus saanple at too” for jo min.

2. Adnion-cxchange cleanup

(1) Place the hydrolyzed sample onn too o105 mum anion-exchitnge column of Dowes 1-Xa2
formite (50/100 mesh).

(b) Wash the column with 16 2 3 b of triply distilled water at oml/min,

(¢)  Discard the first 3 ml.

(1) Collect the nest 15 < 3-ml fractions in it 50- -m! beaker.

(¢) Concentrate the sample to 2 mlb on i oo® hot plide with an TR lunp,

(£) “Tramsfer the sample to o culture tube (4.5 Ml total capacity), washing the beaker with
2t mlof o N HCL

(1) BEvaporate the sample to dryness on i 607 hot plite with o stream of pure nitrogen gis.

3. Silvlation
The siomples were derivatized with B3STEFA at 1307 for 15 min.

Using this procedure, four roo-pg standards of cach base with o.4 mg ribose
and o.4 mg H,PO, were carried through the entire cleanup method. The 4 recoveries
are given in Table I
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celnidon-exchange resin, A small amount of interference, due to “fines” [rom
the Dowex 1-Nz formate anion-exchange resin passing through the porous glass
dise, was noticed on the chromatograms of the cleaned standards. A regencration
procedure was developed for the preparation of the resins to prevent {urther
contamination by “fines'’, and another anion-exchange resin was used, wiz, AG 1-X2
(a purified and sized Dowex 1-X2) resin in the acetate form.

REGENERATION OF RESIN

(1) Dlace zoo mlof the dry resin (AG 1-X2) in o 300 ml graduated cyvlinder,

(4) - Add 3 N INOF (to the so0-ml mark).

(3) Invert the eyvlinder, mixing the resin and 3 .V KO

(«)  Alow the larger resin particles to settie, then pour olf the excess SO and resin *‘fines'.
(3)  Wish the resin five times with distilled water, mixing cach time, allowing to scttle, then
pouring off the ' tines'".

(6)  Repeat steps 2 to 5 at least three times,

77 Wash the resin to neutral with distilled water,
(8)  Add 3 N acetic acid (to the 300-ml murk),

(9 Thoroughly mix, allow to settle.

(10). Pour oft the excess acetic acid and ' fines",
(11) Wiash five times with distillod witer as in step 5.
(12) Repeat steps S to o at least three times,

(13) Whash the resin to neutral with distilled water.

Using this resin regencration procedure and AG 1-Nz2 anion-exchange resin,
the one-column method was again evaluated by cleaning four 1oo-pg standards
of cach base plus 0.4 mg ribose and o.4 mg H,PO,. The dricd samples were silylated
and analvzed. The ¢, recovery for cach sample is given in Table I

Cleanup of scuimicro standards

Using the one-column cleanup method described above and the silylation
conditions and instrumental scttings developed for semimicro standards in our
previous paper?, four semimicro standards (10 pg cach base) plus 4o pg ribose and
40 g HLPO, were cartied through the cleanup procedure. A further retinement of
the onc-column method was employed; a 1/4-in. plug of glass wool was placed in
the ion-exchange column on the coarse-porosity fritted dise, then the anion-exchange
resin was added. The glass wool prevented the resin particles from passing through
the glass dise and causing extrancous peaks on the chromatograms.,

Analvsis of RN and DN at macro and seminiicro levels

Using this technique for sample cleanup and the silylating conditions presented
in our previous paper?, several types of RNA and DNA samples were analyzed at
the macro (ea. 100 pg of cach base) and the semimicro (ca. 10 pg of cach base) levels.
For macro samples, 1 mg and for semimicro samples 100 pgg of nucleic acid were

used. The mole v, composition for cach nucleic acid was calculated as follows:

, . Hmoles e
Mole ) composition ms s X 100
NMO IS ra

where
pmolesy = g /MW
:\n " 1“\\"“ - HELLS,
T Ars MWk, RAMEw.s.

ngn

Arcan/Molespy

RAM By, standard) = .
' HWEs (_ ) Arcars,/Molesy.y,
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The average mole ', composition for cach nucleic acid and standard deviations
arce presented in Tables TIL and IV, Fig. 1-8 show typical chromatograms for RNA
and DNA samples at the macro and semimicro levels,

Micro sample cleannp procedure

Initial experiments showed that, as in the silylation and chromatography
of micro standards, the cleanup of micro sample hydrolysates would require changes
from the Llcﬂ.llll]) method developed for macro and semimicro stunp]t, hydrolysates
Many types of ion-exchange cleanup were available, but since the nm:-«.ulumn
method using AG 1-N2 acetate anion-exchange resin developed for macro samples
had worked satisfactorily it was fully evaluated first,

One-coliomn method

Using the one-column method, eight micro (ca. 500 ng @ base) standards were
analysed, The dried samples were silylated with 50 41 BSTEA, 25 ul acctonitrile,
and 25 ul dichloroethane at 1350” for 30 min (for development of silyvlating conditions,
refer to our previous paper?), and analyzed by GLC, The chromatograms obtained
from these analyses contained many extrancous peaks and had bad bleed rates,
To remove as much contamination as possible, the AG 1-X2 acetate resin was again
regenerated, but greater care was used to remove all of the resin “fines’. The reagents
used for the sample preparation were redistilled to remove contamination, and the
BSTFA was evaluated to determine the best lot, 7e. the lot that gave the best
(hmmatng ams. The c1n'unmtug1.Lplnv column was conditioned at 270° until there

as little column bleed at 240", Using these refinements and very careful tec hmqm-s
tu prevent sample contamination, the 300 ng of cach base st.mcl.ud were  again
carried through the one-column method and analyvzed by G1.C.

The purines were not quantitatively  recovered from the anion-exchange
column, thus modilications in the procedure were made. One modification was
clution of the purines from the column with dilute acid, another was to place the
standards on an acidic column, and a third was to evacuate the resin before sample
application to remove trapped air because the air could form pockets which would
prevent the bases from passing through the resin at a uniform rate.

Evaluation of other jon-exchange resins

Since the one-column method with AG 1-Xz acetate anion-exchange resin
did not give good recoveries for the purines, .demm, and guanine, other ion- c\(‘lumg
resins ‘were studied which would possibly give better recovery. The following resins
were carefully regenerated and evaluated as possible replacements for AG 1-Nz:
AG 3-X4, Bio-Rex g, Amberlite [R-413, and Amberlite CG-120. These resins were
chosen because they have different polymer lattices or functional groups from AG 1-Nz.
Four standards (10 g, 2 ug, and two 5300 ng @ base) were cleaned by each resin, and
the samples were silylated and chromatographed.

LEvaluation of a charcoal column cleanup procedure

Since jon-exchange chromatography gave poor recoveries for adenine and
guanine, a different type of cleanup was attempted. SAXINGER' used a charcoal
column cleanup for the purine and pyrimidine bases and reported good recoveries
on 200 ng of radioactive adenine by counting the adenine before and after cleanup.

The charcoal column cleanup method was evaluated for nucleic acid hydrol-
ysates at the micro level. The charcoual column was initially prepared by uﬂu.\mg
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w111 w/w misture of Norit A charcoal and Celite 545 for 2 h with the following
solvents: 2 N HCL, 6 N NH,,OH, pyridine-water (1:1), pyridine, water, methanol,
benzene-methanol-water, benzene, formic acid, and water, The charcoal-Celite mix-
ture was thoroughly washed with cach reagent before refluxing with that reagent. The
prepared charcoal was placed in a g -0 150 mm ion-exchange column, column size
9 = 9 mm. The hydrolyzed standard of the purine and pyrimidine bases was placed
on the column and washed with 12 4 ml of triply distilled water and 12 ¢ 4 ml
N OHICL The bases were then eluted with 6 < 4 ml of concentrated fm'mu_ acid,
The samples were dried, silvlated, and analyzed by GLC. Semimicro standards
(ca. 1o pg (1 base) were used to evaluate this cleanup method. Initial experiments
showed that the background from the charcoal procedure was not satisfactory.,
After the charcoal was exhaustively washed with formic acid, it was then evaluated
it the semimicro and micro levels.
valuation of small ion-cxchange colwmn
Since the sample size for micro samples had been greatly reduced (ca. 500 ng
Gr; base), the large anion-exchange column (100 > 15 mm) had prevented the purines
from buing recovered, The AG 1-Xaz acetate anion-exchange resin or the glass wool
used to prevent resin fines” from contaminating the sample were probably adsorbing
the purines, thus preventing their recovery. By using a smaller amount of resin and
a Usilanized’ glass wool plug, the purines would have less sites for adsorption and
would be recovered at least semi-quantitatively.
To evaluate the small column and “silanized” glass wool plug, four micro
standards were hydrolyzed with 50 gl 7o @), perchloric acid, placed on the anion-
exchange column (column size 100 % 4 mm), and washed through the column with
25 1 ml of triply distilled water. The experiment was repeated @ number of times,
and tlm average O, recovery for cach of the bases was calculated.

Analvsis of RN and DN at the micro level

RN analysis

The three tvpes of RNA, yveast RNA I and [T and tobacco mosaic virus
(IMV-RNA), analyvzed at the macro level were analyzed at the micro level by the
procedure developed above, Approximately § pg of l\\ A were used for each analysis,
IFifty: microliters 7o ¢, pcwhlnrlv acid were ust,cl for the hydrolysis and the hydrol-
vsitte was cleaned by anion-exchange ¢ lnnnmtngr iphy using a 100 X 4 mm column
of AG 1-N2 acetate anion-exchange resin. The samples were dried, silvlated with
BSTIEA, and analvzed by GLC. The results of these analyses are presented in
Table V. Fig. ¢ shows a typical chromatogram of yeast RNA 1L at the micro
level.

DN analysi's ‘

As with the macro samples, a formic acid hydrolysis was used for the sulmon
sperm and calf thymus DNA samples to prevent thymine degradation. The anion-
exchange columns were washed with 25 < 1 ml of 0.5 N acetic acid in place of the
water wash, The results of these analyses are presented in Table VIL Fig, 10 shows
a typical chromatogram of a 5 wg salmon sperm DNA hydrolysate carried through
the procedure.

T Chromatogr., 62 (1971) 3473067



35() : ‘ DB LARINGS, Co W, GEHRRKE
RESULTS AND DISCUSSION

Audon-cxchange cleanup methods

Two-column nethod

The evaluation of the two-column cleanup method showed that a nucleic acid
hydrolysiate at the macro level could be cleaned by anion-exchange chromatography
without significant loss of any of the bases and with complete removal of the
interfering compounds, perchlorate, phosphate, and ribose. The average 2, recovery
of four macro standards for cach column and for the total method are presented in
Table 1. The first anion-exchiange column gave good recoveries for all the bases,
but the sccond anion-exchange column showed a slight loss for the purines, adenine
and guanine. The average ', recovery for the total procedure was very good, indi-
cating that the method would be acceptable as a cleanup step for the analysis of
the base composition of RNA and DNA hyvdrolysates.

TANBLI
GLC ANALYSIS AND RECOVERY OF THE PURINIE AND PYRIMIDINE BASES AT TIHE MACRO LEVEL

T'wo-column jon-exchiange cleanup method,

Colttmn Hecovery (V)0

L A on R G
I¥irst columne 03 . ) 97 07
scconmnd columne b 05 93 SN S2
Totid methode 04 - 88 ) a4

R B pgs, (after cleanup)

o Recovery (7)) mm e e LISIL N LI T L s oo
teeovery o DA Rw s, (standard) ‘

Arcap/Molesy

‘AL . o= M

R N N P rresayeg

b Cytosine gave two chromitographic peiks, cich wis integrated separitely and the arcas
were added to obtain the total area.
A veritge of four independent runs containing 1oo g of cach base.

It is considered that the inconsistancies among the values for the single
columns and the total method were due to deterioration of the stock solution as
described”.

COne-colinn method

~LBEven though the two-column cleanup method gave excellent recoveries of
the bases, it was time consuming and thus & more efficient one-step column cleanup
method wis desired.

Drying of samples. Various drying methods were evaluated which would
climiniate possible contamination of the sample and shorten analysis time. Four
drying nicthods were evaluated, véz. rotary evaporation, lvophilization, and o hot
plate with an IR lamp or a stream of pure nitrogen gas, and all gave good results
with no apparent loss of the bases. The hot plate with an IR lamp was the casiest,
fastest, and least likely to add contamination to the sample so it was used to dry
large volumes, such as the wash from the anion-exchange columns. Also, the hot
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plicte with a stream of pure nitrogen gas was used to dry small volumes because of
its speed and simplicity.

lon-exchange colinns, FFurther evaluation of cach column in the two-column
method indicated that the scecond anion-exchange column was not needed. The
perchlorate and plmsplhltu were removed by the first column, and the ribose was
completely degraded in the perchloric acid 11\ drolysis step. The one-column cleanup
methaod thus developed was evaluated with four joo-gg standards of cach base plus
ribose and H, PO, The 2 recovery is given in Table TT. No interfering peaks were
found on the chromatograms, due to the ribose or phosphate, but o few resin “fines”’
caused some extrancous peaks that could interfere with the bases at a lower sample
level.

TABLE 1
GLC ANALYSTS AND RECOVERY OF THIE PURINI AND PYRIMIDINIE BASES AT TIHIE MACRO LEVEL

One-column ion-exchange clu;mup methaod.

Sample I)um R N \ jm mele (uu/ reconery (00 A r- Nz acetate and recovery (" )
l,/' (,' (: L C o (i

! 05 us 03 92 04 94 & u3

2 5 101 0N 1o (51N QS [ [$13]

3 [$1%) 100 a7 a3 0.4 Q7 (TX? a2

| [F18) a7y [$1D) a5 05 10 g2 tor

Average 13 QN Oh Ot 95 05 0.4 9L

I| 1//\n/x s, (thum'-h t_lu.mup)
eovery i - PSRRI SN FETT)
Reeovery (M) = Ralln s, (standird)
where
Areivp/Molesp

RMBwy s, #= Arenr . Molosy ..,

R Rupc.s. (standard) is the average of four independent results,

lnluu—¢,\c11ang< resin, To achivve (|u.mt|t¢t1\c., recovery and cfticiency of cleanup
of the purine and pyrimidine bases, the anion-exchange resin was dmngud from
Dowex 1-Nz2 formate to AG 1-N2 ace tate, and a regenceration pmu,dulc of the resin
wits developed. To evaluate the AG 1-N2 acetite anjion-exchange resin, four roo-ug
standards of each base plus ribose and Hy PO, were analyzed, and the ©, recovery
is presented in Table IL No resin "fines” were observed in the samples, and the
chromatograms were free of extrancous peaks.

Semimicro samples

Analysis of semimicro (ca. 10 ug @ base) standards using the single-column
procedure with AG 1-Nz2 showed that all of the bases were quantitatively recovered,
The following average 9%, recoveries were obtained from four inclcpendcnt semimicro
standards plus ribose and phosphate: U 85 4, T 93 %, C g2 25, A 85 ¢, and G 86 ..
No extrancous peaks due to ribose degradation products, plmsplmt e, or resin “fines”’
were found on the chromatograms.

J Clhvonatogr., 62 (19371) 345-367
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RN analysis

Macro samples

Three types of RNA (veast RNA I, yeast RNA IT, and TMV-RNA) were
analyzed at the macro level (1 mg of RNA or ca. 100 ng ¢ base) using the single-
column procedure described above. The mole ', composition for cach type of RNA
was calculated by the formula presented carlier, and these values, along with the
standard deviations, are presented in Table TTI. The literature values for the veast
RNA IT and TMV-RNA were obtained from TLC data by Dr. Stnaal, Department
of Genetics, University of Missouri. The values obtained by the GLC procedure were
in excellent agreement with those obtained by TLC, IFigs. 1—3 show typical chromito-
grams of the RNA's analyzed, Each peak represents approximately 1 ogg injected,

TABLI I

MOLE PER CENT COMPOSITION OF [UNA SAMPLES

H eighin N Mole v, compositionh i S.D.e
(118) ; o e —
e 7, C A G
1oo © Yeast KNA 20,0 11,4 24.2 1.3 2005 1o 0. N7 1.y
10 Yoeast KNAT 0.8 2.3 23.09 b 1.0 20,3 - 1.7 280 6 1.2
100 Yoeist RNA T 2.2 4 20 25.1 4 0.9 20,0 - 0.0 2700 5 1.
1o Yeast KNA T 2.7 0.5 27.0 248
Literature valued 20.1 2.4.0 25.0 3001
100 TMV-RNA Q0.5 b2 3 20.2 i OWN 302 L2y 23,1 -4 1.0
1) TMVRNA 25.8 4+ 1.5 20,0 -4 2.2 REEN A I 22.3 - 0.7
Literature vitlued 20,3 8.5 20.8 25.3
o Approsimite weight of cach base in sinple of RNA analyzed.
b Mole ', composition .- /nnulcs,;/,umnlcsq-.,!,.. 100,
8.0 s Standard deviation. Four or more independent analyses,
4 Literature vidues obtained from TLC dati by Dr. Suncan, Department of Geneties, Uni-

versity of Missonri.

Nemdnicro samples

For the analysis of RNA at the semimicro level, 100 gg of RNA (ca. 10 pg ()
base) were carried through the single-column procedure. The mole ) composition
plus standard deviations for cach type of RNA are given in Table 11 The results
agree quite well with those obtained from macro samples and with TLC literature
salues, Ty pical chromatograms for semimicro samples of RNA are shown in [Figs. 4
and 5. Each peak represents approximately 250 ng injected. Becawuse of impurities
in the RNA, some samples contained as little as 5 pg of cach base. No problems
were encountered due to this decrease in total RNA or from the impurities in the
sample inalyzed.

DN analysis

Hydrolysis

Initial experiments showed that the hydrolysis of DNA with 7o ¢, perchloric
acid was unsatisfactory. Only 20 V) of the thymine was recovered under the hvdrol-
yvsis conditions used. Jorpan' indicated that perchloric acid was not the reagent

J. Chromatogr., 62 (1971} 347307
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Fig, . GLC chromatogrim of “I'MS derivatives of bases in yeast RNA T —— macro analysis,

Column: 1o w/w®, GC SE-30 on oo/t 20 mesh Supelecoport, 1 m o g mm LD, glass, Instrumental
conditions: 7.57/min temperature program from go“—~250" with it g-min initial hold. Attenuation:
o2 ot adfes, RNA sample: ©omg cich peik represents con g injected, Tnternal standard
phenanthrene. Hydrolysis with 7o, perchloric acid at 1oo” for 4o min. Ton-exchiange cleanup
by the one-column - method on a too < 13 mm AG 1-X2 acetate column. Silvlation with
200 pl BSTEN and 200 g0l acetonitrile at 150" for 15 min,

Fig, 2. GLC chromatogrim of TMS derivatives of bases in yeast WNA 1T —< muacro analysis,
For further information, sce the legend to 1P, 1,

of choice for DNA, but that concentrated formic acid plus DNA heated in o closed
tube at 175° for 2 h gave good results. The formic acid hydrolysis method was found
to be satisfactory for DNA, but not for RNA as uridyvlic acid was not completely
hydrolyzed to uracil.

Also, the one-column cleanup method had to be slightly moditied for analysis
of DNA because the formic acid was not strong enough to keep all the bases as
cations, The purines tended to be partially retained by the anion-exchange resin
with water as wash, but when 1 .V acetic acid was used to elute the bases, all were
quantitatively recovered.

Macro samples

Two tyvpes of DNA (Salmon sperm DNA and call thymus DNA) were analvzed
by the method proposcd above. One milligram of DNA was hvdrolyzed with 0.5 ml
of g8 to roo v, formic acid at 175" for 2 h. The samples were carried through the
one-column method using 1 N acetic acid to clute the colunm. The average mole
“h composition for cach DNA was caleulated and these values plus the standard
deviations are given in Table IV, The literature values were obtained from SoBeRr's
ITandbook of Biochemistry, The values obtained for the salmon sperm DNA agreed
closely: with the literature values, but the call thymus DNA values for thymine
were low and for cytosine were high as compared to the literature. [t is possible

. S Cliromgtogr., 02 (1971) 347--307
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dard: phenanthrene, Hyvdrolysis with 7o 0, perchlorie acid at oo™ for jo min. lon-exchinpe
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TADLLIE Y

MOLE PER CENT COMPOSITIONTOF DN saMPLES

Weedghin 1IN Mole v compositionh S .e
() P . - » -
) C ! ¥
100 Sialmon sperm DNA L S I S I 1.0 1 1.0 288 4 o.7 20.0 0.5
10 Silmon sperm DN A 2008 L1 20.5 1.7 1.2 1 0.2 2204 !
Fiteriture viduer 28,5 ¢+ 1.3 2000 5 0N 287 4 ol 22.4 a,74
100 Caltf thymus DNA 23.0 2 30,4 210.0
10 Calf thymus DNA 2.0 228 28.9 23.5
Literatare value 28,2 2.2 28, 21N

A pproximate weight of cach base in siomiple of DN analyvzedd,

b Mole ), composition - gmaolesp/amolespggy 0 too,

S0, Sticndard deviation. Four or more independent anilyses,
s, Standard deviation of four literature values,

¢ Literature value - average of cighleen results,

that some deamination of cytosine occurred during hydrolysis giving low cvtosine
data for the literature values, and incomplete hydrolysis of the DNA would give
low thymine vidues, Figs, 6 and 7 show typical chromatograms obtained for DNA
at the macro level, Rach peak represents co. 1 pg injected,
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Fig., 6. GLC chromatogrivm  of IMS derivatives ol bases in salmon spermy DNA - miero

analdysis, Column: ro w/w ) GUE SE-30 on too/teo m2 b Supeleoport, o om o mm 1D glass,
Instrumental conditions: 7.537/min temperature progroa from o -2507 with o g-min initinl
hold, Attenuation: o2 ror® adfss DNA sample:s tomens cech pealk represents ca. 1o g injected.
Internal standid : phenanthrene, Hvdrolysis with forese acid at 1757 for 2 b, lon-excehange
cleanup by the one-column methad o a oo <13 mm eolumn washed with 0 N aeetic aciil,
Silyvlation with soao gl BSTTTA and 2oo gl acetonitrile it 150° for 15 min.

Fig, 7. GLC chromatogram of the bases inocall thymas DNA - maero analysis, For fuether
information, see the legend to Fig. o, : :
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Semimicro samples ‘
Analysis of 100 g o DN (ca. 10 gz (0 base) using formic acid hydrolysis
gave good results, The mole 2, composition (Table TV) agreed very well with the
values obtained from macro samples of DNAL Fig, S shows a typical chromatogram
of a semimicro sample of salmon sperm DNAL Each peak represents 230 ng injected.

-
m
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4 c.1 G
[«]
% |
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o
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]

%0 15090 110 135 1& 753 210 °C

° 3 8 12 e 20 24 MIN
Fig., S. GLC chromatogriun of PMS derivatives of bises in sadmon sperm DNA - seimicro

anatlesisy Column: 1o w/w o GO SE-30 on toofrzo mesh Supelecoport, om0 4 mm 1D, glass,
Instrumental conditions: 7.57/min temperiature program  from’ go -g507 with @ g-min initial
hold., Mtenuation: 3.2 < 101 o fs, DNA sample: oo gy cach peak represents 250 nyg injected.
Internal standrivl: phenimthrene, Hydrolysis with formic acid at 1757 for 2 h. Ton-eschange

cleanup by the one-coltmn methad on o oo worg mm AG 1-N2 acetitte column washed with
t N acetic achd, Silviation with 1oo gl BSTEA and too gd scotonitreile at 1507 for 15 min.

Micro sample cleanup method

One-colwmn method

The single-column procedure using AG 1-Nz2oacetate anion-exchange resin
developed for cleaning macro and semimicro hydrolysates was fully evaluated as
a cleanup method for micro sample analysis, Initial experiments showed that extreme
care in handling samples was necessary to prevent contamination, The resin “tines”
must be completely removed, the reagents free of impurities, and the BSTEFA of
excellent quality, IEven with these careful techniques, the purines adenine and guanine
were not recovered from the anion-exchange column,

In experiments to recover the purines, the anion-exchange columns were
cluted with dilute acid (HCI or acetic acid), The purine recovery was slightly better
(approximately zo 'y, for adenine and guanine), but still too low for a semi-quantita-
tive anilvsis, An acidic anion-exchange column was evaluated and the recoveries
were improved, but still low. When the resin column was evacuated to remove
trapped air, the resulting chromatograms were cleaner, but the recovery wis not
improved. These experiments indicated that the single-column macero or semimicro
procedure, even with modifications, would not serve as a cleanup method for the
analysis of nucleie acid hydrolysates at the micro level,

S Cliromatogr., 62 (tg721) 3.47-307
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ther fon-cxchange resins

The above experiments showed that adenine and guanine at the micro level
were. lost on passing through the anion-exchange column., The AG 1-N2 acetate
resin could have active sites on which the purines were being held, thus preventing
them from passing through the column,

Other jon-exchange resins, with o dif‘erent polymer lattice or a different
functional group from AG 7-Nz, might give the desired recovery of these bases,
The following resins were evaluated as possible replacements fors AGo1-Nz: AG
3-Ng. Bio-IRex g, Amberlite TR-413, and Amberlite CG-120. To evaluate each resin,
it wis caretully regenerated, and the resin “fines” removed, Four standards (1o g,
2 g, and two 500 ng @ base) were then cleaned by cach resin, The AG 3-Ng resin
gave very clean chromatogrioms and good recoveries of all the bases for the ro-pg
standird, but the recoveries of adenine and guanine at the soo-ng level were again
low. Other experiments with modifications gave similar results at the micro level
Bio-Rex g and Amberlite TR-413 gave poor recoveries at the ro-pg of cach base level,
and the chromatograms contained many extrancous peiks. IEven with exhaustive
regenceration, the chromatograms were unaceeptable. Amberlite CG-120, @ cation-
exchange resin, gave purine recovery of 50, at the micro level, but the pyrimidines
wore completely lost, Additional experiments did not improve the purine recoveries,
and the pyrimidines were not detected.

Charcoal colinmn cleanup

The jon-exchange methods gave poor recoveries for the purines, adenine and
guanine, at the micro level, A method of cleaning up micro samples of the bases
had been developed by Dro Carn SaxiNcir, Ames Research Center-NASA, but
this method had not been used in conjunction with GLC so the method was fully
studicd. Tnitind experiments at the semimicro (10 gg @ base) level showed the regen-
eration procedure developed by Dr. SaxiNcer did not remove all of the impurities
from the charcoal, and these impurities interfered with the chromatography of the
bases by GLC, Thus, the charcoal was exhaustively washed with concentrated
formic acid (the eluting reagent) and with water to remove as much of the impuritioes
as possible, With this prepared charcoal, the semimicro experiment was rerun with
good results, The average !, recovery for twelve semimicro standards containing
H,PO, and ribose were: U g2, T g2, C 105", A 93", and G go ", No
extrancous peiks were observed on the chromatogram due to the perchlorie acid,
H PO, or ribose;: and only minor peaks were detected as coming from the charcoal.

With this method and the formic acid washed charcoal, experiments were
then made to determine the recovery of the bases at the micro (300 ng ¢ base) level.
The contamination from the charcoal observed in the initial semimicro experiment
wits agitin present so the recovery could not be ascertained. Further regeneration
ol the charcoal did not remove the impurities so the method could not be used for
micro analysis of nucleic acid hydrolysates, however, the method could be used
for semimicro analyses with good success,

Small ton-exchange colinnn
Since the amount of sample in micro analyses was greatly reduced, the

amount of perchlorie acid needed for hydrolysis was also reduced, and the amount

Jo Cliromatogr., D2 (1o7t) 3q7-307
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of resin needed to remove the interfering compounds could be Towered. The less
resin employed for cleanup would oifer fewer active sites for possible adsorption
of the purines. Also, a “silanized™ glass wool plug was used in place of normal glass
wool to decrease active sites. With these ideas, experiments were conducted with
50 wl perchlorvie acid for hydrolysis, an AG r-Nz2 acetate anion-exchange column
of 1oo = 4 mm, and 25 = 1 mlof triply distilled water as wash. Initial experiments
showed promise with adenine and guanine being recovered at approximately Go ',
Using very carcful techniques, twelve micro (500 ng ¢ base) standards were carried
through the method with an average recovery of U 069, T 33 9, C oz, A\ 70,
and G 03 2. In general, these values were too low for good quantitative analyvsis,
but could be used for semi-quantitative data. The mole ), composition of RNA
or DNA at the micro level could be semi-quantitatively determined.

Micro analysis of RN and DN

RN analyvsis

The three types of RNA (veast RNA T and T and TMV-RNA) analvzed at
the macro (1 mg RNA) and semimicro (100 pr RNA) levels were anadyvzed at the
micro (5 gz RNA) level by the method outlined above, Four independent samples
of ciach type of RNA were analyzed, and the average mole ', composition is given
in Table V. The values compare well with the mole 2, composition obtained at the
macro level, even though the micro analyses were only semi-quantitative. Fig,
shows a typical chromatogram for yeast RNA 1T at the micro level, Each peak
represents approximately 30 ng injected.

TARBLE WV
COMPARISON OF (LU MICRO AND MACKRO ANALYSES OF RN sAMPLES

500 ng of cach base standard were carrvied through cleanup with the RNA's to correct losses of
the bases on the anion-exchiange column.

HWeightn kN Mole 5, compositionh
L C o G

531 Yenst RNA (e 228 22,8 20,8 27.7
Tomy Yoeast RNA I 20,0 2.2 20,5 a8,y
5 e Yost RKNA Tle 2001 21.0 8.0 24.2
1y Yeast KNA T 20,5 20,2 Ju.2 241
5 1 TMV-RNAe 23.3 20,5 2.2 20,2
T my TMV-RNAM 20.2 25.1 200 27.0

o Weight = weight of RNA sample.

b Mole %, composition == nmolesp/nmolesgggg < 100,

¢ Fourindependent analyses foreach RNACThe standaed devintion mnged from & o.5t0 5 1.9,
LA verage vidue for cach RNA at the macro level,

DN analysis

Two types of DNA (salmon sperm DNA and calf thymus DNA) that were
analyzed at the macro and semimicro levels were analyvzed at the micro level. 1o
hydrolyze the DNA, 100 2ol of concentrated formic acid were used to prevent thymine

J. Chromatogr., 62 (1971) 347307
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FFig. 0. GLC chromitogriun of ‘TMS derivatives of bases in yeast - RNA T — micro analysis.
Colpmn: to /w2, GU STE-30 o 1oo/1 2o mesh Supelecoport, ©m < omam LD glass, Tnstrumental
conditions: 7.5 /min temperature program from go™-2507 with a g-min initial hold, Attenuntion:
8w 1o s RN A sample: 5 083 cach peak vepresents ca. 3o ng injected, ITnternal standard
phenanthrene. Hydrolysis with 7o o, perchilorie acid at oo™ for jo min. lon-exchange cleanup
by the one-column method on aoroo e g mm AG =Nz acetite column. Silyldion with 50 pl
BTN, 25 ol acetonitrile and 25 gl dichlorocthane at 150" for 3o min.

Fig. 1o, GLC chromatogram of TMS derivatives of bases in sadmon sperm DNA - micro analysis.

Column: 1o w/w o, GC SE-30 on too/t2o moesh Supelecoport, 1m s nun 1D glass: Instrumentid

conditions: 7.5%/min temperature program from go®-2307 with a -min initial hold., Attenuation
S .ortoct gtk DNA sample: 5 g cach peak represents ea. 3o ng injected. Internal standard

phenanthrene. Hydeolysis with too 2, formicacid at 175° for 2 h. lon-eschange cleanup by the

onc-column method on a 1oo 52 4 mm AG -N2 acetite column, Silvlation with o0 gl BSTIEA,
5 gl acetonitrile and 25 ¢l dichlorocthane at 130 " for 30 min.

TABLE N
COMPARISON 08 GLC MICKO AND MACROD ANALYSES OF DNA sAMPLES

o0 ng of cich base stindard were carried through cleanup with the DNA's to correct losses of
the bases on the anion exchange column,

Weeightn DN

Mole Y, composition?
T C o G
504 Sidlmon sperm DNAe 270 20, 28.0 2404
(TPl Sitlmon sperm DN Ae 28.0 21.9 28N 20.0
5.4 Call thymus DN Ae 20,4 23.0 ShW. 19.1
tmy! Calf thymus DN Av 23.0 24 30.9 1.0
Literature value ANz 21,2 2802 2.8

o AWeight == weight of DNA sample,
" Mole 2, composition == nmolesp/nmolesegm X 100,
¢ Fourindependent analyses forcich DN A The standard deviation ranged from |

- 0.3t0 f 2.7,
d Averige vidne for cach DNA ot the macero level.
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degradation, which occurs on hydrolysis with perchloric acid, The anion-exchange
column was washed with 0.5 N acetic acid in place of water-to prevent the bases
from being held on the resin, Standards were recovered using this method at U
68 U, T80 Yy, € 8g 9, A\ 74 0, and G 6O 2. Four independent simples of cach DNA
were analyzed and the average mole Y, composition is given in Table VI The
vitlues: for micro analysis of salmon sperm DNA compared well with those obtained
at the macro level, and the calf thymus DNA mole ©, composition at the micro
level compared well with Titerature vidues, but not with the values obtained at the
macro level for thymine. The hydrolysis at the macro level may have been incomploete
due to the composition of DNA, giving low thymine values. Fig, 10 shows o typical
chromiatogram for 5 pg of salmon sperm DNA hydrolvzed with formic acid. ach
peak represents ca. 30 ng injected.

SUMMARY AND CONCLUSIONS

A quantitative GLC method has been developed for the anidysis of hvdrolysates
ol nucleie acids at the macro (1 mg) and semimicro (100 pg) levels of total nucleic
acids and a semi-quantitative method for micro samples (5 #g of nucleic acid). An
anion-exchange cleanup procedure, which gave quantitative recovery of the purine
and pyrimidine bases, removed the phosphate and ribose released during hydrolysis
of the sample, and did not add interfering compounds which would affect the
silylation and chromatography of the bases, was needed. The final cleanup method
consisted of a single-column procedure using AG 1-N2z2 acetate anion-exchange resin.
GLC analysis of the bases was accomplished by first converting them to their
TMS derivative with BSTEFA followed by chromatography on a 1o w/w v, CG SE-30
100/120 mesh Supeleoport column,

First, & two-column anion-exchange cleanup procedure was developed which
gave good recovery of the bases without added contamination. However, this
procedure was time consuming and thus was modified. The modifications gave rise
to a single column cleanup procedure using AGr 1-Nz2 acetate anion-exchange resin,
which gave 95 to 100 ¢, recovery of the bases at the macro level (100 pg (o base)
and 85 to go ), recovery at the semimicro level (10 g (1 basc).

Using the one-column cleanup method, and the silylating and chromatographic
conditions developed earlier, three types of RNA (yveast RNA T and [T and TMV-
RNA) and two types of DNA (salmon sperm DNA and calf thymus DNA) were
analyzed at the macro and semimicro levels. The RNA's were hvdrolyzed with
70 ' perchloric acid and the DNA's with g8 to 1oo Y, formic acid. DNA could not
be quantitatively hydrolyzed with perchloric acid because thymine was partially
destroyed, and formic acid did not completely hydrolyze uridvlie acid in RNA to
uracil. The mole @, composition of cachh RNA and DNA was determined and found
to be in good agreement with values reported in the literature. ‘

A number of problems were encountered in the development of o micro
method for analysis of nucleic acids (5 pg). The one-column method used for niacro
and semimicro samples was unsatisfictory, because the purines, adenine and guanine,
were not recovered from the ion-exchange column, Some changes, including cluting
with dilute acid, using an acidic column, evacuating the resin to remove trapped
air, and changing the jon-exchange resin, were tried without success. Recovery
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at the semimicro level with some of the modifications was good, but at the micro
(300 ng @, base) level, the purines were not recovered.,

A charcoal column cleanup procedure was evaluated as a possible alternitive
for micro analysis. Excellent recoveries at the semimicro level (10 pg @1 base) were
obtained, but at the micro level, impurities from the charcoal column interfered
with the silvlation and chromatography of the bases. Even with exhaustive regen-
eration of charcoal and very careful techniques, the impurities could not be removed.

In micro analyses, the amount of nucleie acid swmple used was considerably
reduced, thus the amount of perchloric acid needed for hydrolysis and the anion-
exchange column size used in the one-column method could be correspondingly
reduced, Using a 1oo ¢ 4 mim AG 1-N2 acetate anion-exchange column with o
small plug of “'silanized” glass wool above the fritted glass dise and 50 gl of perchloric
acid for hydrolysis, all of the bases were semi-quantitatively recovered. Little
interference from the anion-exchange resin was observed on the chromatograms
so the procedure could be used for semi-quantitative determination of the mole
composition of RNA or DNA,

With this method, the three RNA's and two DNA's were analyvzed at the
micro level (5 pg of total nucleic acid), Hydrolysis with perchloric acid was used
for RNA and with formic acid for DNA, The mole ¢/, composition for all samples
was in good agreement with the values obtained at the macro level (1 mg of total
nucleic acicd) and with literature values,
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