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INTRODUCTION

Because of the importance of nucleic acids to the
genetic code, many researchers have studiéd the biological
function and chemical structure of the various nucleic acid
components (purine and pyrimiaine bases, nucleosides, and
nucleotides). The biological function of.DNA (deoxyribo-
nucleic acid) or RNA (ribbnucleic acid) depends on the
base composition of the pblymer and the sequence of the
bases in_the polymer.

Many methods for the detection of the nuéleic acid
components have been developed with varying degrees of

quantitation obtained. These methods include ionéexchange

chromatography by Cohn (1), paper chrbmatography by Vischer
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and Chargaff (25, paper electrophoresis by Gordon and Reich-
ard (3), thin-layer chromatography by Randerath (16), paper
chromatography énd time of flight mass spectrometry by Studier
et al. (13), and gas-liquid chromatography by MacGee (4),
Hashizume and Sasaki (11), Gehrke and Ruyle (5), and the au-.
thors of this paper (6).

Many of these methods have been used for the analysis
of the bése composition of RNA and DNA hydrolysates. However,
before analysis, the nucleic acids must-be hydrolyzed into

bases, nucleosides, or nucleotides, de-

pending on the type of‘hydfolysis employed. In 1960, Jordan
(7) presented the different types of hydrolysis used to obtain
the various monomers. Sample plus 70% HC1lO, heated in a closed

tube at 100°C-40 min. has been accepted 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 con-
version to either the nucleosides or nucleotides is often not
achieved.

Many researchers, including Hedgcoth and Jocobon (8),
Monjardino (9), and Leech et al. (10), have used thin-layer
chromatography (TLC) with spectrophotometric detection and
quantitation for the analysis of the base composition. These
methods are time consuming, semiquantitative, and the amount of
sample_is fairly large (more than 100 ug). An electrophoretic
methoa by Borkowski et.al. (14) gave a gooa analysis on a

minimum-of 50 jig of total DNA. Hiby and . Kroger (15) in 1967 used a

Combination of



TLC and electfophoresis for nucleotide analysis of RNA, but
did not obtain quantitative data.

Gas-liquid chromatography (GLC), because of its speed,
sensitivity, and quantitative aspects, appeared to be the best
method available for the analysis of nucleic acid base composiQ
tion. In 1966, MacGee (4) reported on the analysis of RNA
by GLC. The samples were hydrolyzed with HClOy, followed by
ion-exchangé cleahup 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. Hashizume and Sasaki (11), in 1968, reported the analysi;
of RNA using the trimethylsilyl (TMS) derivative. The nucleic
acid was hydrolyzed with HCl1l0,, and the excess HCiOu was pre-
cipitated with KOH. Silylation was achieved with hexamethyl-
disilazane (HMDS) and trimethylchlorosilane (TMCS) in pyri4ﬁ
dine..Single peaks for all of the bases were obtained, and quan-
titation was good; but, 20 mg of RNA were needed for each
analysis. Gehrke and Ruyle (5), in 1968, presented a method
for the analysis of 5.0 mg of RNA. The nucleic acid was hy-
drolyzed with HC1lOy, 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(trimethylsilyl)—
aceéamide (BSA) and chromatographed on an SE-30 column. The

method was qﬁantitative, but 20% of the bases were lost during



cleanup. In 1969, Jocobon et al. (12) reported on the analysis

of RNA'using the TMS derivative of the nucleosides.

was quantitative, but the sample size was large.

The method

Since many biological.samples are available only in micro-

gram quantities, these methods are not useful to determine the

 pase composition. A method was needed that could determine

‘the base composition of RNA or DNA at a biologically significant

level. We reported a GLC_meﬁhod for the silylation and chroma-

tography of the purine and pyrimidine bases at macro (100 ug @);

semimicro (10 pg @), and micro (500 ng @) levels with good

quantitation at all levels (6). The purpose of this investigation’

was to develop a method for the analysis of nucleic acid hydroly-

sates at macro, semimicro, and micro levels. This
the development of a cleanup procedure which would
tative recovery of the bases at these levels. This
with the silylation and GLC chromatographic method

earlier, would provide a simple, quantitative, and

would include
give quanti-

cleanup method,
devélbped

fast method

for the analysis of the base composition of RNA and DNA in a

sample size as small as 5 ug of nucleic acid.



EXPERIMENTAL

'CLEANUP AND ANALYSIS OF RNA AND DNA

1. Agearatus

An F and M 402 Biochemical gas chromatograph (F and M
Scientific, Division of Hewlett Packard, Avondale, Pennsyl-
vania), equipped with dual hydrogen fléme detectors,was used
in this investigation.

For elevated temperature reactions, a sand bath with a
variable temperature cont;bl (+ 2.0°C) was constructed. _

Standards and ion-exchange cleaned nucleic acid hYdroly-
sates were dried on a 60°C hot plate with an IR (inffared) lamp or a
60°C hot plate with a stream of pure N, gas.

The ion-exchange columns used in this study were 4 x 150 mﬁ,

9 x 150 mm, and 15 x 150 mm pyrex glass with teflon stopcocks
and were obtained from Fischer and Porter-Compény, Warminster,v
Pennsylvania.

The other apparatus used in this study was described in

a previous paper (6).

II. Reagents and Materials

The micro reaction vials were obtained from Analytical

BioChemistry Laboratories, Inc., Box 1097, Columbia, Misso@ri.
i
The purine and pyrimidine bases (uracil, thymine, cytosine,
3
!
adenine, and guanine) were obtained from Mann Research Labora-

tories, New York, New York, ahd were chromatographically pure.



" The bis(trimethylsilyl)trifluoroacetamide (BSTFA) was purchased
from Regis Chemical Company, 1101 North Franklin Street, o
Chicago; Illinois, in teflon lined screw cap vials. Acetohitriie,
methylene chloride, and dichloroethane were of "nanograde" purity
and were purchased frém Mallinckrodt Chemical Works, St. Louis, *
Missoufi,'as.well as formic acid, acetic acid, and perchlori¢ .
acid. | o Dowex 1-X2 anion
exckange resin was obtained from Dow Chemical Company, Midland,
Michigan; and AG 1-X2, Bio-Rex 9, and AG 3-X4 anion exchange
resins were purchased from Bio-Rad Laboratories, Richmond, Cali-

- fornia. Amberlite IR-4B and Amberlite CG-120 resiné,were
obtained from Mallinckrodt Chemical Works. The water was

triply distilled from an all glass distillation apparatus. The
other réagents used were of the highest purity available.

The yeast RNA I was obtained from Dr. James Ross, Depart-r
meﬁt of Plant Pathology, University of Missouri; Yeast RNA II )
and Tobacco Mosaic Virus RNA (TMV-RNA) were obtained from Dr.

Om Sehgal, Department of Genetics, University of Missouri. The
Salmon Sperm DNA was purchased from Mann Research Laboratories,
New York, New Yofk, and the Calf Thymus DNA was purchased from

Sigma Chemical Company, St. Louis, Missouri.

III. Instrumental and Chromatographic Conditions

The chromatographic columns used were 10 w/w% CG -SE-30

(straight chained polymethylsiloxane) on 100/120 mesh Supelcoport



(chromatographic W type). The column materials were packed

in glass columns (borosilicate), which were 1.0 meter long l
with_an inside diameter (I.D.) of 4.0 mm. The columns were
held in the chromatographic oven by front and back teflon
ferrules on normal SWagélok fittings. For column preparation;'
and conditioning procedures, see our previous paper (6).

The instrumental conditions were a 7.5°C/min temperature
program with a &minute.initial hold. The program ran from
90°C to 260°C. The detector was operated in the 280°C to
320°C region, and the injection heater was at approximately
y200°C. The gas flow rates were as follows: N, = 40 ml/min.,
Hy - 30 ml/min., and air - 300 ml/min. The attenuation for
lgggzg_samples.was 10 x 32 (1.2 x 10 °® amps full scale deflection,
AFS), for semimicro samples it was 10 x 8 (3.2 x 107'° AFS),

and for micro samples it was 10 x 2 (8.0 x'10'1‘ AFS).

IV. Development of a Cleanup Procedure for the Analysis of the

Purine and Pyrimidine Bases from a Nucleic Acid Hydrolysate

Before the analyéis of the base composition bf a nucleic
acid could be performed, it was necessafy to hydrolyze the
nucleic acid into its various monomers. To hydrolyze a
nucleic acid to the bases, MacGee used 70% HC10, - in a closed ,
tube at 100°C-40 min. Hashizume and Sasaki (11) and Gehrke
and Ruyle (5) also used this procedure in their investigations

with good success.



Because the perchloraté interfered with the silylation
of the bases, it was necessary to first remove_it’from the
sample. Hashizume and Sasaki precipitated the perchlorate
with KOH before silylation with HMDS and TMCS, and they were
able to obtain good results for macro samples. Gehrke and
Ruyle also precipitated the perchlorate with KOH, but because
BSA was a more powerful silylating reagent, an ion—egchange |
cleanup was needed to completely remove the interféring compounds
from the sample, including the phosphate and degradation~pro—'
ducts of ribose. They found that approximately 20% of each base
was non-selectively lost during precipitation, transfer, and
ion-exchange cleanup. | The development of a quantita-
tive method for the analysis of the base composition of RNA
and DNA would require 95 to 100% recovery of the bases; thus it
-was necessary to develop a cleanup method that would give this
recovery without adding impurities and removing the perchiorate

and phosphate from the sample.

A. Two Column Method

The perchlorate used for the hydrolysis and the phosphate
can be removed by anion exchange chromatography. The per-
chlorate and phosphate free bases can then be dried, made |
alkaline with KOH, and placed on another anion exchange célumn

for the removal of neutral (sugar) compounds.



With this outline, 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 H;PO,.

Two Column Method

1. Hydrolysis
a. Add 0.5 ml of 70% HClO4 to 0.1 mg each of U, T, C,
A, G, ribose, and H3PO,in a 16 x 75 mm culture tube.
b. Seal the tube with a teflon lined cap and heat it
at 100°C-40 min.
c. Cool the tube to room temperature and dilute the

sample to 3.0 ml with triply distilled water.

2. Removal of Anions

a. Place the hydrolyzed sample on a 15 x 70 mm
anion exchange column of Dowex 1-X2 formate
(50/100 mesh) .

b. Wash the column with 7 2 3 ml triply distiiled
water at a rate of 1 ml/min. |

c. Discard the first 3.0 ml.

a. Collect the next 6 x 3 ml in a culture tube (8.5 ml
total capacity), evaporating while collecting with

a8 90°C sand bath and a stream of pure N, gas.

e. Evaporate to dryness.
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3. .Removal of Netural Molecules
a. - Dissolve the dried sample in 2.0 ml of 0.5 N KOH.
b. Place the sample on a 9 x 60 mm anion exchange

column of Dowex l-X2 formate (50/100 mesh).

c. Wash the column with 12 x 4 ml triply dis-
tilled water at a rate of 1 ml/min. and discard.

d. Elute tﬁe column with 6 x 3 ml of 1.0 N HCOOH.

e. Discard the first 3.0 ml.

f. Collect the next 5 x 3 ml in a culture tube (4.5 ml
total capacity), evaporatiné while collecting with
a 90°C sand bath and a stream of pure N, gas.

g. Evaporate the sample to complete drYness.

Note: CH;Cl, was used to azeotrope the last traces

of water.

'_4. Silylation

a. Add 0.2 ml BSTFA and 0.2 ml CH3;CN containing 100 ug
‘phenanthrene (internal standard).

b. Tightly seal the vial and silylate at: 150°C—15 min.

c. Cool and inject 3 to 4 pl into the GC.

To evaluate the procedure, each column was analyzed inde- .

pendently, and as a two column method. For these analyses,

12 standards of 100 pyg of each base were pipetted from a stock

“solu-
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tion (3.3 mg of each base/100 ml 0.1 N HCl = 0.10 mg ééch
base/3.0 ml) and dried on a 60°C hot plate with a stream of
pure N, gas. Four of the samples were hydrolyzed with 70%
HC10, and cleaned by the first anion exchange column only;
Another four of the samples were dissolved in 2.0 ml of 0.5 N -
KOH and cleaned by the second anion exchange column only.
Then, 0.4 mg ribose and 0.4 mg H3;PO, weré added to four of
the samples, which were carried through the total two column
anion exchange cleanup method.

The dried sampies were silylated and analyzed by GLC
(for development of the silylating conditions and instrumental
settings, refer to our previous paper (6)). The chromatograéhic_

peak areas were integrated, and the RMR - values were calcu-

B/IS
lated as follows:

Area
Base
dp / MW
RMRB/IS B B
AreaIS ’
I1s / MW1g
RMR _ M 918 "
B/1S Aig ¥ 95 X vy
IS
AreaBase = Area of the chromatographic peak for the base
AreaIS = Area of the chromatographic peak for the internal
standard

‘MW = Molecular weight
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Cytosine gave two chromatographic peaks, and the RMRC/PHEN,waS

calculated by integrating each peak separately and adding the
areas to obtain the total area.

From the RMR values for the 12 samples and the RMR

B/IS B/IS

values for standards not carried through the cleanup steps, the

% recovery was calculated as

. RMR
% recovery = B/IS (after cleanup) X 100

RMRB/IS (standards)

The average % recoveries for the four samples for each ex-

periment are presented in Table I

B. One Column Method

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

Drying of the Sample. The evaporation of the sample while

collecting the eluate from the anion exchange column was very
time consuming. A faster method for drying the eluate, which
did not affect thé sample, was needed. Thus, to determiné the
best drying method for the column eluate, the following

drying methods were eﬁaluated: rotary evaporation, lyophi-
lization, a hot plate with an IR lamp, and a hot plate

with a stream of pure N, gas. Each ﬁethod was studied by dilu-.

ting four aliquots (100 ug of @ base) in 3.0 ml of 0.1 N HCl with
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20 ml of triply distilled water. The samples were.concéntrated,
to approximately 2.0 ml and then transferred to a cultﬁre tube
before evaporation to complete dryness, derivatization, and chro-
matography.

Ion-Exchange Columns. Even with modifications of the

drying step, the total method was still fairly time consuming.

To furthér modify the method, each anion exchange column was
evaluated with ribose and phosphoric acid added to all sampies.;
It appeared that the second anion exchange column was not

needed as the analysis of standards with added ribose and H3;PO,
showed that the ribose was completely degraded by the hydrolysis,
and the phosphate and perchlorate were removed by the first
anion exchange column. Thus, the following one column method -

was developed.

One Column Method

1. Hydrolysis

HC10, plus sample at 100°C-40 minutes. .

2. Anion Exchange Cleanup
a. Place the hydrolyzed sample on a 100 x 15 mm
anion exchange column of Dowex 1-X2 formate
(50/100 mesh).
b.  Wash the column with 16 x 3 ml of triply distilled

water at 1 ml/min.

c. Discard the first 3.0 ml.
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d. Collect the next 15 x 3 ml fractions in a 50 ml
beaker.
e. Concentrate the sample to 2.0 ml on a 60°C hot

plate with an IR lamp.
£. Transfer the sample to a culﬁure tube (4.5 ml
 total éapacity), washing the beaker with 2 x
1.0 ml of 0.1 N HCI.
g. Evaporate the sample to dryness on a 60°C hot.

plate with a stream of pure N, gas.

3. Silylatioh
The samples were derivatized with BSTFA at

150°C-15 minutes.

Using this procedure, four 100 ug standards of each base
with 0.4 mg ribose and 0.4 mg H3PO, were carried through the

entire cleanup method. The % recoveries are given in Table IT.

Anion Exchange Resin. A small amount of interference,due’
to "fines" from the Dowex 1-X2 formate anion exchange resin .
passsing through the porous glass disé, was hoticed on the chro-
matograms of the cleaned standards. A regeneration procedure
was developed for the preparation of the resins to pfévent further

' and another anion exchange resin was

contamination by "fines,'
used, AG 1-X2 (a purified and sized Dowex 1-X2) resin in the

acetate form.
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Regeneration of Resin

1. Place 300 ml of the dry resin xAG 1-X2) in a
500 ml graduated cylinder.

2. Add 3.0 N KOH (to the 500 ml mark).

3. Invert the cylinder, mixing the resin and 3.0 N KOH.

4f Aliow tﬁe larger resin particles to settle, then
pour off the excess KOH and resin "fines."

5. Wash the resin five times with distilledeater,
mixing each tlme,'allow1ng to settle, then pouring off
the "fines.".

6. Repeat steps 2 to 5 at least three times.

7. Wash the resin to neutral with distilled,water.w

8. Add 3.0 N acetic acid (to the 500 ml mark).

9. Thoroughly mix, allow to settle.

10. Pour off the excess acetic acid and "fines."
11. Wash five times with distilled water as in Step 5.
12. Repeat steps 8 to 11 at least three times.

13. Wash the resin to neutral with distilled water.

Using this resin regeneration procedure and AG 1-X2
anion exchange resin, the one column method was again eval-
uated by cleaning four 100 pg standards of each base plus
0.4 mg ribose and 0.4 mg H3PO,. The dried samples were si-
lylated and analyzed. The % recovery for each sample is given

in Table II.
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C. Cleanup of Semimicro Standards

Using the one column cleanup method
described aboVe}and-the silylation conditions
and instfumenﬁal settings developed fof semimicro standards
in our previous paper (6), four semimicro standards (10 ug
each base) plus 40 ug ribose and 40 ug H;PO, —~ were carriea
through the cleanup procedure. A furthér refineﬁent of the

one column method was employed; a 1/4" plug of glass wool

was placed in the ion-exchange column on the coarse porosity,

fritted disc, then the anion exchange resin added. The glass

wool'prevenfed the resin particles from passing through the

glass disc and causing extraneous peaks on the chromatograms.

v. Analysis of. RNA and DNA at Macro and Semimicro- Levels

Using this technique for sample cleanup and thé silylating
conditions presented in our previous paper (6), several types
of RNA and DNA samples were analyzed at the macro (ca. 100 ug
of each base) and the semimicro (ca. 10 ug of.each base) levels.
For macro samples 1.0 mg and for semimicro samples 100 ug
of nucleic acid were used. The mole % composition for each

nucleic acid was calculated as follows:

' umOleBase
Mole % Composition = —Ta X 100
H total
umolesB = ugB/MWB
g _ AB « MWIS X.. ug‘I’S
B AL MW, RMRy /7
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AreaB / Moles

: _ B
RB/IS (standard) Area . sMoles

IS

RM

The averagevmole % composition for each nucleic acid and
standard deviations are presented in Tables III and 1IV. Figures
1 to 8 show typical chromatograms for RNA and DNA samples at

the macro and semimicro levels.

VI. Micro Sample Cléanup Procedure

Initial expériments showed that, as in the Silylation and
chromatography of micro standards, the cleanup of micro
sample hydrolyates would require changes from the cleanup
method developed for macro and semimicfé sample hydrolysates.
Many types of ion-exchangé Cleanup were available, but since

the one column method using AG 1-X2 acetate anion exchange

resin developed for macro samples had worked satisfactorily

it was fully evaluated first.

A. One Column Method

Using the one column method, 8 micro (ca. 500 ng @ base)
standards were analyzed. The dried sémples were silylated
with 50 uyl BSTFA, 25 ul CH3;CN, and 25 pl C1lCH,CH,Cl at
150°C-30 min. (for development of silylating conditions, refer
to our previous paper (6)), and analyzed by GLC. The chro-
matograms obtained from these analyses contained many extraneous
peaks and had bad bleed rates. To remove as much contamination

_qs_poséible,“the AG 1-X2 acetate resin was again regenerated,
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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 deter-
mine the best lot, i.e. the lot that gave the best.chromatbgrams.
The chromatographic column was conditioned at 270°C until |
there was little column bleed at 2405C; Using these‘réfine-
ments and very careful techniques to prévent sample contamination,
the 500 ng of each base standards were again cérried thfough'
the one column method and analyzed by GLC. |

The purines‘Were not quéntitatively recovered from’ the anion
exchange columﬁ,:thus.modifications.in the procedure were made .
One modification was elution 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.
samplé application'UJremove trapped air because the air could .
form pockets which would prevent the bases from passing through

the resin at a uniform rate.

B. Evaluation of Other Ion-Exchange Resins

Since the one column method with_AG 1-X2 acetate anion

exchange resin did not give good recoveries for the purines,
adenine and guanine, other ion-exchange resins were studied
which would possibly give better redovery. The following
resins were carefully regenerated and evaluated as possible
replacements for AG 1-X2: AG 3-X4, Bio-Rex 9, Amberlite IR-4B,

and Amberlite CG-120. These resins were chosen because they
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have different polymer lattices or functional.gfoups than
AG 1-X2. Four standards (10 ug, 2.0 pg, and two 500 ng @ base)
were cleaned by each resin, and the samples were silylated

and chromatographed.

C. Evaluation of a Charcoal Column Cleanup Procedure

Since'ion;exéhange chromatography gave poor recoveries
for adenine and guanine, a different type of cleanup Was |
attempted. Saxinger (17) used a charcoal column cleanup
for the purine and.pyrimidine bases and reported good re-
coveries on 200 ng of radioactive adenine by counting ﬁhe
adenine before and after cleanup.

| The charcoal column cieanup method was evaluated for

nucleic acid hydrolysates at the micro level. The charcoal

column was initially prepared by refluxing a 1/1 w/w mix-
ture of Norit A charcoal and Celite 545 for 2.0 hours with
the following solvents: 2 N HCl; 6 N NH,OH; pyridine/water
(1/1); éyridine; water; methanol; a mixture of benzeneéi

. methanol-water; benzene; formic acid;.and water. The char-
coal-celite mixture was thoroughly washed with each reagent
before réfluxing with that reagent. The prepared charcbal
waé placed in é 9 x 150 mm ion-exchange column, column size
9 x 9 mm. The hydrolyzed standard of.the purine and pyrimidine
bases was placed on the column and wéshed with 12 x 4 ml of
triply distilled>water and 12 x 4 ml1 1.0 N HC1l. The bases

were then eluted with 6 x 4 ml of concentrated formic acid.
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The samples were dried, silylated, and analyzed by GLC.
Semimicrovstandards ( ca. 10 uyg @ base) were used to eva-
luate this cleanup method. 1Initial experiments showed that
the background from the charcoal procedure was not satls—
factory. After the charcoal was exhaustively washed w1th
formic acid, it was then evaluted at the semimicro and

micro levels.

D. Evaluation of small Ton-Exchange Column

‘Since the sample size for micro samples had been greatly
reduced (ca. 500 ng @ base), the large anion exchange cblumn
(100 x 15 mm) had prevented the purines from being recovered.
The AG 1-X2 acetate anion exchange resin or the glass wool
used to prevent resin "fines" from contaminating the sample
were probably adsorbing the purines, thus preventiné their
recovéry. By using a smaller amount of resin andva "silanized"
glass wool plug, the purines would have less sites fqr adsorptidn
and would be recovered at 1east.semi—quantitatively.
| To evaluate the small column and "silanized" glass wool:
plug, four micro standards were hydrolyzed with 50 ul 70%

HC104, placed on the anioﬁ exchange column (column size 100 x
4 mm), and washed through the column with 25 x 1 ml of triply
distilled water. The expe;iment was fepeated a number of times,

and the average % recovery for each of the bases was calculated.
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VII. Analysis of RNA and DNA at the Micro Level

A. RNA Analysis

The three types of RNA (Yeast RNA I and IT and Tobacco
Mosaic Virus (TMV - RNA) analyzed at the macro level were
analyzed at the micro level by the procedure developed above.
Approximately 5.0 ug of RNA were usedlfor each anélysis. |
Fifty microliters 70% HC1lO, were used for the hydrolysis, and
the hydrolysate was cleaned by anion exchange chromatography
using a 100 x 4 mm column of AG 1-X2 acetate anion exchange
resin. The samples‘were Qried, silylated with BSTFA, and
analyzed by GLC. The results of these analyses are presented
in Table V. Figﬁre 9 shows a typicél éhromatogram of Yeast

RNA II at the micro level.

B.- DNA Analysis

As with the macro samples, a HCOOH hydrolysis was used
for the.Salmon Sperm and Calf Thymus DNA samples to prevent
thymine degradatiop. The anion exchange coiumns were washed
with 25 x 1 ml of 0;5 N acetic acid in place of the water
wash. The results of these analyses arelpresented in Table
VI. Figure 10 shows a typical chromatogram of a 5.0 ug

Sélmon Sperm DNA hydrolysate carried through the procedure.
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RESULTS AND DISCUSSION

I. Anion Exchange Cleanup Methods

A. Two Column Method

The evaluation of the two column cleanup method showed

that a nucleic acid hydrolyéate 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_ribdse.
The average % recovery of four,macfo standards for each col-
umn and for the total method are presented in Table I; "The first
anion' exchange column gave good recoveries for all the baséé,
but the second anion-exchange column showed a slight loss

for the purines, adenine and guanine. The average % recovery
for the total procedure was very good, indicating that the
methéd would be acceptable as a cleanup step for the analysis'

of the base composition of RNA and DNA hydrolysates.

B. One Column Method

Even though the two column cleanup method gave excellent
recoveries of the bases, it was time consuming and thus a more

efficient one step column cleanup method was desired.



23

" TABLE |

GLC ANALYSIS AND RECOVERY OF THE PURINE
AND PYRIMIDINE BASES AT THE MACRO LEVEL

TWO COLUMN 10N-EXCHANGE CLEANUP METHOD

a .
Recovery , %

Column - b

U T ¢ A G.
First Column® 3 - % 9 9
Second Column® 96 95 93 88 8
Total Method® 94 - 8 9 99
B ecovery, % - RMRB)1s after cleanup . .'100

RMRg ) =

RMRg/(s standard

AreaB/MolesB

Area | S/MolesI S

bCytosine gave two chromatographic peaks, each was intégrated
separately and the areas were added to obtain the total area.

CAverage of four independent runs containing 100 ug of each base.
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1. Drying of Samples. Various drying methods were eva- -

luated which would eliminate possible contaminatidn of the sam-
ple and shorten analysis time. Four drying methods were eval?
uated:_~rotary evaporation,;lyophilization, and a.hot plate
with an IR lamp or é stream of pure N, gas; and all géve

good results with no apparént loss of the bases. The hot

plate with én IR lamp was the easiest, fastest, and least likely
to.édd contamination to the sample so it was used to dry

large volumes, such as the wash from the anion exchange columns.
Also; the hot plate with a stream of pure N, gas was used to

dry small volumes because of its speed and simplicity.

2. Ion-Exchange Columns. Further evaluation of each

column in the two column method indicated that the second anion
exchange column was not needed. The péfchlorate and phosphate

were removed by the first column, and the ribose was completely

degraded in the HC1lO, hydrolysis step. The one column cleanup
method thus developed was evaluated with four 100 ug standards

of each base‘plus ribose and H3POy. The % recovery is given

in Table II. No iﬁterfering peaks were found on the chromato-

grams, due to the ribose or phosphate, but a few resin "fines"

caused some extraneous peaks that could interfere with the

bases at a lower sample level.

3. Anion Exchange Resin. To achieve quantitative

recovery and efficiency of cleanup, of the purine and pyri-

midine bases, the anion exchange resin was changed from Dowex
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TABLE |1

GLC ANALYSIS AND RECOVERY OF THE PURINE
AND PYRIMIDINE BASES AT THE MACRO LEVEL

ONE COLUMN 1ON-EXCHANGE CLEANUP METHOD

Dowex 1-X2 Formate and Recoverya-, D__

Sample |
1 95 95 95 92
2 95 101 98 102
3 99 100 97 95
4 96 97 - 96 95
Average 96 9% 9% 96
| | 3
Sample - AG 1-X2 Acetate and Recovery% %
1 94 | 94 92 95
2 | 96 98 98 96
3 94 97 94 02
4 95 100 92 - 101
Average 95 95 94 . 9%
RMR A
TRecovery, % = RMRB”S through cleanup 00,
B/IS standard |
Area,, [Moles
o o Molesg

R = , and
B/IS . ArealS/MoIesIS

RMRB/I S standardwas the average of four independent results.
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1-X2 formate to AG 1-X2 acetéte, and a regeneration procedure
of thé'resin'was developed. To evaluafe the AG 1-X2 acetafe
anion exchange resin, four 100 ug standards of eaéh basétplus
ribose and H3;PO, were analyzed, and the % recovery is pre-
sented in Table II. No resin "fines" were observed in the_

samples, and the chromatograms were free of extraneous peaks.

C. Semimicro Samples

Analysis of semimicro (ca. 10 ug @ base)

standards using. the single column procedure with AG 1-X2

showed that all of the bases were quantiatively recovered.
The following average % recoveries were obtained>f£om four
independent semimicro standards plus ribose and phosphate:
.U,— 85%,'T - 93%, C - 92%, A - 85%, and G - .86%. No extra-.
neous peaks due to ribose degradatioﬁ products, phosphate,

or resin "fines" were found on the chromatograms.

II. RNA Analysis

A. Macro Samples

Three types of RNA, Yeast RNA i, Yeast RNA II, and TMV—RNA,
were analyzed at the macro level, 1 mg of RNA, (ca. 100 ug @ base)

the single column procedure described above. The mole % compo-

sition for each type of RNA was calculated by the formula pre-‘
sented earlier, and these values, along with the standard. de-
viations, are presented in Table III. The literature values

for the Yeast RNA II and TMV-RNA were obtained from TLC data

using
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by Dr. Sehgal, Department of Genetics, University of Missouri.
The values obtained by the GLC procedure were in excellent
agreement with those obtained by TLC. Figures 1, 3, and 4

show typical chromatograms of the RNA's analyzed. Each peak

represents approximately 1.0 ug injected.

B. Semimicro Samples

For the analysis of RNA at the semimicro lével, 100 ug'
of RNA (ca. 10 ug @ base) were carried through the single

column procedure. The mole % composition plus-standard de-

viations for each ﬁype of RNA are given in Table III; ‘The
results agree quite well with those obtained from macro sam-
ples and with TLC litera#ure values. Typical chfomatogramS'
for semimicro samples of RNA are shown in Figurés 2 ana 5.
Each peak represents approximatély 250 ng injected. Because
of impurities in the RNA, some samples contained as little
as 5.0 ug of each base. No problems were encountered dﬁe to
this decrease in total RNA or from the impurities'in the

sample analyzed.

III. DNA Analysis

A. Hydrolysis

Initial experiments showed that the hydrolysis of DNA
with 70% HClO, was unsatisfactory. Only 20% of the thymine !
was recovered under the hydrolysis conditions used. Jordan (7)

indicated that perchloric acid was not the reagent of choice
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for DNA, but that concentrated formic acid plus‘DNA heated
in a closed tube at 175°C-2 hrs.'gave_good results. The
formic acid hydrolysis method was found to be satisfactory
for DNA, but not for RNA as uridylic acid was not .

completely hydrolyzéd to uracil.

 Also, the one column cleanup method had to be slightly

modified for analysis of DNA because the formic acid_was not
strong enough to keep all the bases as cations.. Thé purines
tended to be partially retained by the anion-exchange resin

with water as wash, but when 1.0 N-acetic acid waé used tél'

elute the bases, all were quantitatively recovered.

B. Macro Samples

Two types of DNA, Salmon Sperm DNA and Calf Thymus
DNA, were analyzed by-the method proposed abéve. ‘One milli-
gram of DNA was hydrélyzed with‘0.5 ml.of 98 to 100% HCOOH
at 175°C-2.0 hrs. The samples were carried through the
one column method using 1.0 N acetic acid to elute
" the column. The average mole % composition for each DNA was
calculated and these values plus the standard deviations are
given in Table IV. The literature valueé were obtained

from Sober's Handbook of Biochemistry. The values obtained

for the Salmdn Sperm DNA agreed closely with the literature
values, but the Calf Thymus DNA values for thymine were iow
and for cytosine Qere high as compared to the literature. It
is possible that some deamination of cytosine occurred during
hydrolysis giﬁing low cytosine data for theiliteraﬁure-values,

and incomplete hydrolysis of the DNA would give low thymineA



29
TABLE 11

MOLE PERCENT COMPOSITION OF RNA SAMPLES

R ) ' .. b ]
Loa Mole % Composition™
Weight RNA ; < A6
100pg  Yeast RNA | 20.6 24,2 205 8.7
st 1.4 +13 #0914
10ug  Yeast RNA | 20.8 239 263 280
S.D. 423 +10 +17 +12
100 ug  Yeast RNA 11 22 251 260 2.6
| . D. | £20 +0.9 £0.6  +11.
10ug  YeastRNA Il - 2L7 26.5 21.0  24.8
Literature Value® 2001 246 250 301
100 g TMV-RNA 26.5  20.2 0.2 231
S. D. +23  +0.8 +27  +10
10pug  TMV-RNA 25.8  20.0 3.3 223
-~ S.D. +15 $2.2  tl2  +0.7
Literature Value® 26.3 185 2.8 253

aApproxim‘ate weight of each base in sample of RNA analyzed.”'

bMole % Composition = uMoIesB/uMoIes X 100

Total
®s.D, = standard deviation. Four or moreindependentanalyses

CIL|terature values obtained from TLC data by Dr. Sehgal Depa rtment
of Genetics, Unlver5|ty of Missouri.



FIGURE 1

GLC CHROMATOGRAM OF THE BASES IN YEAST RNA-I

RESPONSE

-

MACRO ANAI.YSIS

Derivative .. .. ... . .TMS
Injected .. .. .ca. 1.0pg@
Initial Temp. .. ... .. 90°C
Initial Hold .. .. 4 min
Program Rate .. .7.5°/min
Final Temp. .. ... ..250°C
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GLC Column 10 w/w %
GC-SE-30 on 100/120 mesh
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Phenanthrene as |.S.
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RNA Sample ... ..1.0 mg
Hydrolysis .. ..70%HCIO4
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Ion-Exchange
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FIGURE 2

‘GLC CHROMATOGRAM OF THE BASES IN YEAST

RNA |

SEMI MICRO ANALYSIS o

| o RNA Sample . . . .. 100 g
Derivative .. .. .. .. . TMS Hydrolysis . . .70% HCIOg4
Injected . . ... .. 250 ng @ 100°C—40 min
Initial Temp. ....... 90°C Ion-Exchange o :
Initial Hold . . . . . . .. 4 min Cleunup ....One Column
Program Rate . . .7.5°/min Method
Final Temp. .. ... .. 250°C 100 x 10mm
Attenuation . .3.2x10"10AFs AG-1x2-Ac

' ' Silylation ,

C Column 10 w/w % GC-SE- BSTFA—-100ul -
30 on 100/120 mesh  CH3CN-100gl
Supelcoport . - 150°C—15 min
1.0m x 4mm. i.D. Glass A ' |
Phenanthrene as L.S. : o G

o PHEN :
U c-1
i : C-2
o
Vol i
UL L |
90—ISO-90 110 135 160 185 210 235 °C
0 4 8 12 16 20 24 "MIN

RESPONSE




RESPONSE

RNA i
“ MACRO ANALYSIS
It
L. RNA Sample .. .. . 1.0 mg
| Derivative . .- -TMS Hydrolysis . . .70% HCIO4
Injected . .ca. 1.0ug @ Base 100°C—40 min
Initial Temp. ..90°C ' '
ous . lon-Exchange
Initial Hold . . ... . .. 4 min
' . Cleanup .. ..One Column.
Program Rate .. .7.5°/min ' ' Method
Flnal Temp ....... 250°C AG-1 x2_Ac
, Attenuation . . 1.2x10-9 AFS 100 x 10mm
ol el -
GLC Column 10 w/w % GC-SE- Silylation BSTFA—200!
A ;
30 on 100/120 mesh CH3CN—200p
Supelcoport 150°—15 min
1.0m x 4mm 1.D. Glass _
Phenanthrene as L.S. PHEN
G .
v C-1
C-2
"90=1S0O-90 110 135 160 185 210 235°C
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FIGURE 3

GLC CHROMATOGRAM OF THE BASES IN YEAST
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GLC CHROMATOGRAM OF THE BASES IN
TMV-RNA

MACRO ANAI.YSIS

{rNna Sumph ...... g Omg

Derivative .. ... .. .. ™S Hydrolysis . . 70% HCIO4
Injected . .ca. 1 0,u.g @ Base 100°C—40 min
Initial Temp. ..90°C lon- Exchange o
Initial Hold . . . . . . .. 4 min Cleanup .. ..One Column
||Program Rate . . .7.5°/min ‘Method
'|Final Temp. ..250°C AG-1x2-Ac
Attenuation 1.2x10-9 AFS . 100 x 10mm
GLC Column 10 w/w % GC-SE- Silylation '
30 on 100/120 mesh | BSTFA—200u!
Supelcoport . PHEN CH3CN—200u!
1.0m x 4mm 1.D. Glass 5 150°C—15 min:
Phenanthrene as I.S. 1l A -
| G
u |
C-1 '
C-2
|
|
L.[LJ L |
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GLC CHROMATOGRAM OF THE BASES IN.

TMV-RNA
SEMIMICRO ANALYSIS
Derivative ... .. ... .TMS RNA Sdmple .....100 ﬂQ
Injected . . . .. ca. 250 ng @ Hydrolysis .. .70% HCIO4
Initial Temp. . .. .. .. 90°C ' 100°C—40 min
Initial Hold .. ... . .4 min fon-Exchange
Program Rate .. .7.5°/min Cleanup ... .. One Column
Final Temp. ...250°C Method
Attenuation . .3.2x10 1 OAFs © 100 x 10mm
GLC Column 10 w/w % GC-SE- : AG-1x2-Ac
130 on 100/120 mesh Silylation
Supelcoport ' BSTFA—100ul
1.0m x 4mm 1.D. Glass : CH3CN—100pul
Phenanthrene as 1.S. A 150°C=15 min
u * PHEN
|
| 4
I i
.
L
Voo G
c1 &2
B
N S
90 1ISO 90 110 135 160 185 210 225°C
i+ + —4 } } + +——4
0 4 8 12 16 20 24 MIN
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" MOLE PERCENT COMPOSITION OF DNA SAMPLES

| | D
S | - Mole % Composition
Weight - DNA T ¢ - A c
100pg  Salmon Sperm DNA 28.9 219 28.8 2.6
s.D.¢ t14 +l6 0.7  #0.5
~10pg  Salmon Sperm DNA 2.8 2.5 3.2 22.3
'S.D. - Ctl1l #L7 +0.2 L4
Literature Value® 285 211 287 223
509 +15 +0.8 £0.9 0.7
10ug Calf Thymus DNA  23.6 244  30.4  2L6
10pg  Calf Thymus DNA . 246 22.8 289 2.5
Literature Value® 28.2 212 28.4 218

3 pnpproximate weight of each ase in sample of DNA analyzed.

b e | ,_

Mole % Composition uMoIesB/uMolesTotaI x 100 |

®S.D. = standard deviation. Four or more independent analyses. -
dS D. = standard deviation of four Ilterature values

L|terature Value = average of eighteen results.
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FIGURE 6

GLC CHROMATOGRAM OF BASES IN SALMON
T ' SPERM DNA | |
| MACRO ANALYSIS -

DNA Sample . . .. ..1.0mg

RESPONSE

Derivative .. ... ... .TMS Hydrolysis .. ....HCOOH
' Injected . .ca. 1.0ug @ Base : 175°C—=2.0h
Initial Temp. .. .. ... 90°C lon-Exchange o
Initial Hold . . .. .. .. 4 min Cleanup .. ..One Column
Program Rate ..7.5°/min ' "~ Method.
Final Temp. .. ... .250°C Wash ... ... 1.0 N HAc
Attenuation . .1.2x10f9AFS Column ... .. 1'00 x 10mm -
Column 10 w/w % GC-SE- . AG-1x2-Ac
30 on 100/120 Mesh SiIYquion
Supelcoport | BSTFA—200pul
1.0m x 4mm L.D.- Glass { . 'CH3CN;-2OOMI
|| Phenanthrene as LS. I 150°C—15 min
] C-1 1 , A G
I 1 |
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B R A .
| ! : ! i
{ | . iE
| | c2 i
) o '

J ULLJ | \w |
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GLC CHROMATOGRAM OF THE BASES IN.

SALMON SPERM DNA
SEMI MICRO ANALYSIS

=
Derivative ... .. ... .TMS
Injected . . . . . .. 250 ng @
Initial Temp. .90°C |
Initial Hold .. .. ... 4 min Sample . ... ... ... 1009
Program Rate ..7.5°/min. “Hydrolysis .. ... . HCOOH
Final Temp. 256)°C - - 175°=2.0 h
' Attenuation . . 3. 2xlO'l AFS lon-Exchange
Cleanup . . . .. One Column
GLC Column 10 w/w % GC-SE- : Method
30 on 100/120 mesh Wash .. .. ... .1.0 N HAc
SUP°'¢°P°"* Column . . . .. 100 x 10mm
1.0m x 4mm 1.D. Gluss PHEN ' AG-1 x 2-Ac
Phenanthrene as I.S. " R Silylation .
I BSTFA—100yl
c-1 G CH3CN-—100ul
| " A 150°—15 min
“ | c-2
90 1SO 90 110 135 60 185 210 °C
o 4 8 12 16 20

B .
24 MIN
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GLC CHROMATOGRAM OF THE BASES IN CALF

THYMUS DNA
MACRO ANALYSIS
Sample .. .. ... ... 1.0mg
Hydrolysis .. ....HCOOH
175°C—-2.0 h
L lon-Exchange o
Derivative .. .. .. .. .. TMS Cleanup . . . .. One Column
Injected . .ca. 1.0ug @ Base Method
Initial Temp. .. ... .. 90°C Wash ... ... ..1.0 N HAc
Initial Hold .. ... . .4 min Column .. ..100 x 10mm
Program Rate .. .7.5°/min . AG-1x2-A¢
- Final Temp. . .230°C Silylation ]
a' Attenuation . .l..2x'IO AFS ' BSTFA—200!
Z : CH3CN--200ul
o GI.C Column 'IO w/w % GC-SE- ‘sooc_ls min N
a 30 on 100/120 mesh _
b~ Supelcoport
e 1.0m x 4mm L.D. Glass A _
Phenanthrene as I.S.
PHEN
T c-1 G
c-2 ;
I
J\ i
90°-1SO- 90° 110° l§5° _lq0° 185° 210° 235°C
0 4 80 12 16 20 24 MIN .
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values. Figures 6 and 8 show typical chromatograms obtained
for DNA at the macro level. Each péak represents ca. 1.0 pg

injected.

c. Semimicro Samples

Analysis of»lOO pg of DNA (ca. 10 ug @ basef using
formic acid ﬁydrolysié gave good.fesults. ‘The mole %‘com_
positioﬁ_(TableﬁIV) agreed very well with the ?alues'Ob—
tained from macro samples of DNA. Figure 7 shows a typical chro-
matogram of a semimicro sample of Salmon Sperm DNA.Y Each

peak represents 250 ng injected.

Iv. Micro Sample Cleanup Method

A. One Column Method

The single-column procedure using AG 1-X2 acétate anion
éxchange resin deﬁeloped for cleanihg macro and semimicro
hydrolysates was fully evaluated as a cléanup method for gig£é
sample analysis; Initial‘experiménts showed that extreme care
in handling samples was necessary to prevent contamination.

. The resin "fines" must be completely removed, the reagents

free of impurities, and the BSTFA of excellent quality. Even:_
with these careful techniques, the purines, adenine and guanine,
were not recovered from the anion exchange column.

In experiments to recover the purihes, the anion- exchange
columns were eluted with dilute acid (ﬁCl or acetic acid).

" The purine recovery was slightly better (apprqximately 20%_for‘

adenine and guanine), but still too low for a semi-quantitative
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analysis. An_acidic anion exchange column was evaluated and

the recoveries weré improved, but still low. AWhen the resin

column was evacuatéd to remove trapped air, the resulting
chromatograms were cleaner, but the recovery Wasunot improved.

These experimehts indicéted»that the single column macro or semimicro
procedure, even with.modifications; would not serve as a

cleanup méthod for the analysis of nucleic acid hydrolysates

at the micro level.

B. Other Ion-Exchange Resins

" The above experiménts showed that adenine and guanine at the micro
_ levelvwere_lost on'paésing tthUgh:the anion exchange.column.The Ag 1-X2
aéetate resin could have active sites on which the purines
were being held, thus.pfeventing them from passing through
the column.
OtherAidn—exéhange resins, with a different polymer
lattice or adifferent functional group than AG 1-X2, might
give the desiréd recovery of these basés;. The following
resins were evaluated as possible replacements for AC 1-X2:
AG 3-X4, Bio-Rex 9, Amberlite IR-4B, and Amberlite CG-120.
. To evaluate each resin, it was caréfully regenerated, and the
fésin "finesg" removéd. ‘Four_standards_(io vg, 2.0 pyg, and
tﬁo 500 ng @ base) were then cleaned by'each resin. The
AG 3—X4 resin'gave'very clean chrohatograms and good reco-
veries of all the bases fo: the 10 ug standard, but the re-

coveries of adenine and guanine at the 500 ng level were again

low. Other experiments with modifications gave similar results
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at the micro level. Bié—Rex 9 and Amberlite IR-4B gave ?oor
‘recoveries at the 10 ug each base level, and the chromatograms
contained many extranedus peaks. Even with éxhaUstive fegéne—
ration, the chromatograms were unacceptable. Amberlite CG—120;
a cation exchange resin, gave purine recovery.of 50% at ﬁhe
micro level, buf the pyrimidines.were coﬁpletely lost. Addi-
tionai éxperiments did not improve the purine recoveries, and

the pyrimidines were not detected.

cC. Charcoal Column Cleanup

The ion-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 Dr. Carl Saxinger, Ames Researéh penﬁer-NASA, but this
method had not been used in conjunction with GLC so the
method was fully studied. 1Initial experiments at the semi-
micro (10 ug @ base) level showed the regéneratioﬁ prbcedure:
developed by Dr. Saxinger 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 cohcentrated formic acid (the eluting
reagent) and wifh water to remove as much of the iméurities'

as possible. With this prepared charcoal, fhe semimicro
experiment was férun wiﬁh good results. .The average $ recovery
for 12 semimicro standardsAcontaining H3PO, and ribose were:

| U - 92%, T - 92%, C - 105%, A - 93%, and G ~ 90%. No extraneousA

peaks were observed on the chromatogram due to the HClOu, H;PO,,
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or ribose; and only minor peaks were detected as coming from .

the charcoal.. |
With this method and the fofﬁic acid washed charcoal,'

experiments werg_then ﬁade to determine the recovery of the

bases at the micro (500 ng @ base) level. The contamination

from the charcoal observed in the initial semimicro experiment
was again present so the recovery could not be ascertained.
Further regeneration of the charcoal did not remove the im-

purities 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.

D. Small Ion-Exchange Column

Since the amount of sample in micro analysés-was‘greatly
reduced, the amount of HC1O, neéded for hydrolysis was alsd
'_reduced,and the amount of resin needed to remove the inter-
fering compounds coula be lowered. The less resin employed
for cleanup would.offer:fewer activé 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 ul
HC10, for hydrolysis, an AG 1-X2 acetate anion exchange columh
of 100 x 4 mm, and 25 x 1 ml of tfiply distilled water as wash.
Initial experiments showed promise with adenine and guanine
being recovered at approximately 60%. Uéing.very careful

techniques, 12 micro (500 ng @ base) standards were carried
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"through thé method with an average recovery of‘U - 66%,

T - 538, C - 92%, A - 76%, and G -65%. In general, these
4values were too low for good quantitative analysis, but could
be used for semi-quantitative data. The_mOie % composition'
of RNA or DNA at the micro level could be semi-quantitatively,

determined.

V. Micro Analysis of RNA and DNA

A. RNA Analysis

The three types of RNA (Yeast RNA I and II, and TMV—RNA)
analyzed at the macro (1.0 mg RNA)'ahd semimicro (100.ug RNA)
levels were analyzed at the micro (5.0 pg RNA) level by the
method outlined above. Four independent-samples of gach type
of RNA were analyzed, and the averagé mole % composition is
given in Table V. The values compare wéll with the mole % com-
position obtained at the'macro level; even though the micro
analyses were only semi-quantitative. Figure 9 shows a typical
chromatogram for Yeast RNA II at the micro level. Each peak ‘

represents approximately 30 ng injected.

B. DNA Analysis

Tﬁo types of DNA (Sélmon Sperm DNA-and Calf Thymus DNA)
that were analyzed at the macro and semimicro levels were
analyzed at the micro level. To hydrolyze the DNA, 100 ul
of concentrated formic acid were used to prevent thymine de--

gradation, which occurs on hydrolysis with HClO,. The anion.
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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 ét U -~ 68%,.T - 80%,
_‘C —’89%; A - 74%, and G - 66%. Four independent_samples of
éach DNA.were.analyzed and the‘éverage ﬁole 3 composition is
given ih Table>VI. The values-for micro analysis of Salmon
Sperm DNA compared well with those obtainéd at the macro.level,
and the Calf-Thymus DNA mole % composition at the miéro level
¢6mpared Well with literature values, but not with thézvalues
obtained at the macro level for.thymine.b_The hydrolysis at the macro
level may.have been imcomplete due tb thébcéﬁposition of DNA,
giving low thymine values. Figure 10 sﬁows_a typical chroma-
togram for 5.0 pg of Salmon Sperm DNA hydrolyzed with HCOOH.

Each peik represents ca. 30 ng injected.



- TABLEV -

" COMPAR| SON OF GLC MICRO AND MACRO
ANALYSES OF RNA SAMPLES |

| D
. ..a - Mole % Composition ,
Weight” RNA U _C_ A G
5ug Yeast RNA I° 22.8 228 2.8 2.1
Img  YeastRNA | 20,6 242 265 287
5pg  Yeast RNA 11° 26,1 216 286 2.2
Img  YeastRNA || 265 2.2 302 2.1
5ug TMV-RNA® 233 2.5 242 262
d

Img  TMV-RNA 212 251 260 2.6

aWeight weight of RNA sample.

Mole % Composition = nMoles /nMoIes X 100

Total

“Four independent analyses for each RNA. Standard deviaﬁon
ranged from £0.5 to +1.7. |

Average value for each RNA at the macro level.

Note: 500 ng each base standards were carried through clean up
with the RNA's to correct Iosses of the bases on the anion
excha nge column,
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'TABLEVI

COMPARISON OF GLC MICRO AND MACRO
ANALYSES OF DNA SAMPLES

. a | Mole % Composition

Weight A T C A G

5ug  SalmonSperm DNA® 27.9 2.4 289 224
img®  salmon Sperm DNA* 8.9 219 288 206

5ug  CalfThymus DNA® 2.4 230 285 19.1

1mg®  Calf Thymus DNAS 236 244 304 216

Literature Value 282 2.2 282 218

“Weight = weight of DNA sample;'

B/nM°|eTotal x 100

~ “rour independent analyses for each DNA. Standard deviation
~ ranged from 0.3 to +2.7.

bMol.e % Composition = nMole

dAverage value for each DNA at the macro level.

Note: 500 ng each base standards were carried through cleanup with
the DNA's to correct losses of the bases on the anion ex-
‘change column.
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"FIGURE 9

GI.C CHROMATOGRAM OF THE BASES IN YEAST RNA I
MICRO ANALYSIS |

Derivative ... .. .. . .TMS

Initial Temp. .. .. ..90°C
Initial Hold .. ... ..4 min
Program Rate . . .7.5°/min
Final Temp. .. .. ..250°C

Attenuation . .8x10"'AFs
Column 10 w/w % GC SE-

30 on 100/100 mesh ~ Sample ...... Sug.
Supelcoport Hydrolysis . . O% HCI94
1.0m x 4mm L.D. Glass °°7C—4° min
Phenanthrene as I.§. ~  lon-Exchange
Cleanup. . . .. One Column
| ~ Method
- ~ AG-1x2-Ac
‘l.g - 300 x 4mm
Z Silylation ... . .BSTFA—50ul
O | . CH3CN—25p
% . CI{CHq)2CI—-25ul .
o o | 150°C—30 min
* PHEN Injected .. .. ......6.0pl
ca. 3I0ng@
G

90°15090° - 170°  135°  160° 185° 210° °C
0 4 8 12 16 20 24 MIN

J
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GI.C CHROMATOGRAM OF BASES IN SALMON
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MICRO ANALYSIS -
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SUMMARY AND CONCLUS IONé

A duantitaﬁive GLC method has been developed for the
.ana1y51s of hydrolysates of nucleic acids at the macro
(1.0 mg) and semimicro (100 ug) levels of total nucleic
acids and a semi- quantltatlve method for micro samples (5.0 ug
of nucleic ac1d), An- anion exchange cleanup procedure,whlch
éave quantitative recovery of the purine and pyrimidine bases,
femoved.the phosphate and ribose released during hydrolysis
of the sample, and did not add interfering compouﬁds which
would affect the silylation and chromatography of the bases,.
was needed. The final cleanup method consisted of a single
cOluﬁn procedﬁre using AG 1-X2 acetate anion exchange resin.
GLC analysis of the bases was accomplished by first converting
dthem to‘their TMS-derivative with BSTFA followed by chroma-.
tography on a 10 w/w% cG—SE-3O 100/120 mesh Supelcoport column.

'First, a two column anion—exchange cleanup procedure was“.
developed which gave good recovery of the basesiwifhouf added
contamination. However, this procedure was time consumino and
thus was modified. _ o The
'modificatloos gave rise to aAsingle column cleanup procedure
using AG 1-X2 acetate anion exchange resin, which Qave 95-£¢
100% recovery of the bases at the macro level (100 ug @ base)‘
and 85 to 90% recovery at the semimicro level (10 ug @ base).

Using the one column cleanup method, and the silylating |
and chromatograpﬁic conditions developed earlier, three types

of RNA (Yeast RNA I and II and TMV-RNA) and two types of DNA
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(salmon Séerm and Calf Thymus) were analyzed at the macro
and semimicro levels. The RNA's were hydrolyzed_withA
70% HC1lO4 and the DNA's with 98 to 100% formic acid. DNA
could not be guantitatively hydrblyzed with HClOu'because
vthymine was partially destroyed;kand formic acid did not
completely hydrolyze uridylic acid in RNA to urécil. The .
mole % composition of each RNA and DNA was_determined.and~
found to be in good agreement with vélues :epofted in the
iiterature.— |

A number of problems werefehcounteréd in the~developemnt>.
bof a micro method for analysis of nucleic

acids (5.0 ug). The one column method used for macro

and semimicro samples was unsatisfactory, because the purines
adenine and guanine} were not recovered from the ion-exchange
column. Some changes, including eluting with diiﬁte acid,
using‘an acidic column, evacuating the resin to remove
trapped air, and changing the ion-exchange resih,AWere
tried without success. Recovery at the semimicro level with
some of the modifiéations was good, but.at the micro (500 ng
@ base) level,lthé purines were not recovered.

A charcoal column cleanup procedure was evalqated as
a possible alternative fér micro analysis. Excellent re-
coveries at the semimicro level (10 ug @ rase) ﬁere obtained,
but at the micro level, impuritiés from the charcoal column

‘interfered with the silylation and chromatography of the bases.
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Even wiﬁh exhaustive regeneration of charéoal.and the very
_éareful techniques; the impurities could not be removed

-In ﬁicro analyses, the amount of nucleic acid sample
used was considerably reduced, thus the’amounﬁ-of HC10,
needed»for‘hydfpiysis and the anion exchange column size
used in the onelcolumnv method could be correspondingly
reduced. Using a 100 x 4 mm AG 1-X2 acetate anion exchange
gblumn with a small plug of "silanized" glass wool above the
fritted glass.disc and 50 ul of HC1O,
for hydfolysis, all of the bases were semi—quantitafively
recovered. Little-interférence from the anion exchange
resin was obSerﬁed on the chromatbgrams so the procedure
could bé used for semi-quantitative determination of the mole
% composition of RNA or DNA. |

With this mefhod, the three RNA's and.two DNA's were
' analyzéd at .the micro level (5.0 ug of total nucleic acid).
Hydrolysis with HClO, was used for RNA and HCOOH for DNA.
The mole % composition for all sampleé was in gdodlagreement .
with the valﬁeg obtained at the macro 1ével (1.0 mg of tofal

nucleic acid) and with literature values.
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