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‘ ‘ABSTHAC?AWt

Several différent deoxyiibonucleic acid (DNA) -
solutions are enzymatically digested to the deoxyribonucleo-
side level, Each enzyme digest 1s then subjected to Sephadex
L1i-20 column chromapography embloying a methanol:water
gradiént elution system. The.samples of'intérest are the

enzyme digests of rat liver DNA which has been reactéd with

the carcinogen dimethylnitfésamine (D¥YA) in vivo and of

calf thymus DNA which. has been regcted with the carcino-
gen methy} methanesﬁiphonaté (hﬁs) in vitro. ?eaks which
are resolved from the céiumn chromatography of an enz#nme
digest of normal rat liver DNA are identified by thin layer
chromatogravhy and spectral characteristics. Dowex 50W-X4
column chromatﬁgraphy which employs an ammonium formate
elution buffer is ﬁsed as a further supportive_means‘of
jdentification of peaks from the Sephadex LE-20 column
chrématography. Discussion is presented asito the validity
of the Dowex 50W-X4 .column chrOmatograify as a means of
identification of peaks. Some\guggestions are made to

exnlain Ehe differences seen In the Sephadex LH-20 chroma-

.tographic elution profiles of the methylated DNA saﬁples.

11
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f'fi The topic of cancer research 1s always one of

.7

Tl ' CHAPTER I

A

I'TRODUCTIO”

-~

w

.ﬁreat interest as it deals with the matter of human l1life or

death, This chapter deals with some of the history of cancer

research and also gives a brief description of the chromato-

graphic systém which was used to spudy enzyme digests of
rat liver DNA which had been reacted with the careinogen
dimethylnitrosamine in yivo and calf thymus'DNA which. had

#

been reacted with the carcinogen methyl methanesulphonate
1; ElEEé The other DNA samnles studied were calf thymus
human placenta and salmon sperm DNA. These* samples acted as
controls for the experiment.

The firSt class of carcinogenic agents studied\

in history were the polycyclic aromatic hydrocarbons

(PAHs). PAYs are present in tar, tobacco smoke, polluted

“eity air and charcoal-broiled or smoked foods (1), Early

research dealing with the carclnogenicity of these com-
pounds was done by Yamagiwa et al. who achleved experimen-
tal irnduction of cancer by applying a coal distillate to
Tabbits' ears(2). In }932. Cook et al. showed that tumours
developed at the site of treatment in mouse skin with 1:2-
teﬁZpyrene and some' of its derivatives(3,4). Cook et al.
were able to isolate cancer producing compou;as ffom eoal
tar in pure form(5). From these initial findings, much has

been done to investigate the manher in which PAHs induce

-

cancer. 1



- "

One theory is that the DNA {s modified by the
carcinogen, Carcinogenic PAHs have been shown to become
covalently bound 'to nucleic'acids in mouse“skin(é,?). ThHis

binding has been shown to occur at specific reactive sites.

- .
>

in DNMA(R,9,10,11), ‘Some of .these sltes are shown\in Figure -1, '
Experiments have shown that the carcihogen is first metabo-

r

lized to~an active form called the "ultimate carcinogen“l
before becoming covalently .bound to DNA(Q;lZ,lj).

In this fesearch, rat liver DYA héd been allowed
to redct with the carcinogen dimethylnitrosaminé‘(DMNAP
An vivo. DENA acts specifically in the rat lives, kidney
and lung tissue as a carcinogenic agent{14). DENA is not
usually 1ngestéd by an individual. quever, nitrosamines

are—egsily synthestbqlunder acld conditions by mixing

secondary amines with '1trous acid (1) as shown in the

<
reaction below:
R acid . R >
B/I‘TH + HNOZ e R" NalWQ  +-= 920

It fhe R group 1s made a methyl group, then dimethyl-
nitrosamine will be the substance synthesized. ‘The stomach
vresents a perfect acidic environment for the reaction of
amines with nitrite salts. The amines could come from
-1ngested food and some drugs such as piperazine and the
nitrite salts from sausages and other preserved: meat,
Mitrites are also generated from nitratés'by certain
bécteria.in the intestinal flora. Humans méy therefore be

exposed to DHNA indirectly.
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Figure 1. Possible Reaction Sites in DNA .Components (12),

Arrows“ind;cate possible sites of hyﬁrocgrbon )

attachment, ) ‘ :

g



FIGURE 1

Possible .Reaction Sites in DNA Components . -
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Enzymatic éctivation of DMXNA has been found to be
necessary to cause the methylatlon of DNA(S), Theffirst step
in activation }g hydroxylation of DMNA by means of hydroxy-
lase enzymeé found in"normal liver cells.‘The total activa-

.

tion reaction is shown in Figure 2. N
A formaldehyde by-product is formed when the.
_‘hydroxyrated derivative decomposes to monomethylnitrosamine;

14

When 1%C_D¥¥A was administered to rats, of the C—iabél,"ﬁ

7% appeared as products in the urine, 40% as expired carbon
diloxide and the rg;t'was evenly distribute& in the tissues
(15). fhe products in the urine would probably be formalde-
hyde and formic. acid. Formaldehyde forms a complexX with
reduced glutathione (GSH). Glutathione is a sulfhydryl com-
pound utilizeq in biological oxidations. Using nicétinamide
adenine dinucleotide (NADY) as the oxidizing agent, for-
maldehyde dehydrogenase (FDH) acts on the afore-mentgoned

complex to produce formlic acld., A proposed mechanism is

showﬁ;in Pigure 3 6)., The formic acid 1s then excreted in

the urine. )

Formaldehyde oxldatlon may not stop at the fofmic
acld level but may go on to the carbon dioxide level by
means of reaction of formic acid with hydrogen peroxide by

the mechanism shown below H17):

peroxisome catalase
Hp0p é " < Hp0
HCOOH co, B

This reaction takes place in the peroxisomes which are found

in rat liver cells, the location of DINA activation.



Figure 2. The DMEKA Activation Reaction,

(Adapted from Irving (8) p.206.)
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. FIGURE 2 .
The DMNA Activation Reaction
-
EC
‘ 3 .
N—N=—0
H/
o
Urine COp
\\ A
_ ‘ . or
HCQOH  C; Pool
EC .
H30\ hydrox ? \N N'ﬂ 5
- e -HCHO
_N—NO “————p g ™' _((\o kj\:—_—_-m
HC ylation 2 \¢ } »
SR OH
3 o—§
(a) ' )
3
l - _‘\/--._'_.

CH
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+
CH—N=N
 OH
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Figure 3.'F5}ma1dehyde Mepabolisﬁ-$16)--’
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FIGURE 3

” - Formaldehyde Metabollsm_

GSH  +  HCHO ~—— 5 GS-CH,-OH

FDH  + GQ-CHZAOH-—-———-—>-FDH.GS-CHZ-QH

‘ ' i NADR + HY 4
NADY 4+  FDH.GS-CH,-OH

? FDH.GS-CHO

FDH,GS-CHO + Hp0 ——— = FDH + GSH + HCOOH



E]
10

The carbon dioxide so formed could then be expired }rom

14

the' rat and repreSent the 40% of the ~ C-label previously

mentioned. .

The other 53% of the 1Ll'C-la‘DeZL'was found to be -
generally distfibutéd In the tissues, This could be due éo
the fact that foxm?}dgﬁyda/ﬁanigé Incorporated in to the Cq
metabolic bool of the rat. Some formaldehyde also binds to
amlinoe groups in vurine and pyrimidlne bases, nucleocsldes
and nucleotides(18), The meaSurements of 1“0 distribution
In the rat were done eight hours after the administration
of the l4C-Dpva. 4 ;

. Heconsidering thefactivation reaction, it 1s seen
“that a carbonium lon 1is éenerated: This electrophile could

react -with any cellular nuclecphlle such as DNA, RNA an%/

protein. Enzyme digests of DNA from rats treated with DIKNA

in vivo seemed to indicate that methy;ation had occurred at
the V-7 and 0-6 positions in guanine and at the N-3 and
O-4 positions in thymine(19). It is tHought that this.
alkylation might be responsible for the initlation of
tumours because the alkylated derivatives could serve as
miscoding bases during DNA replication(19). The varying
capabllity of cells in different tissues to repalr this
DNA damage might account for the tissue specificity
observed with dialkylnitrosamines(19).

Calf thymus DNA was methylated in vitro by the
carcinogen methyl methanesulphonate (¥NS). The DNAF

nucleophile is thought to react with FiS in an SNZ (nucleo-

At
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philic substitution) Teaction (20) as shown ‘below (adapted
‘ »
from (21)):
CH,e - ' CH ' - ChH
H 3 oGy
C=3=0 0=8=0 -O=?=O
| [ )
0 C - 0.
H\l . :
C.L ———— -
N . H ', H - + ;
] _ ' N .
T H H\C/H
‘DNA DNA . Ny
DNa

If the MMS were administered in vivo, the methanesulphonic
acid by-product would be excreted 'in the urine.

methyl ﬁéthane;ulphon&te has been shown to induce
tumours in rat kidney Epd brain(lg). Thisttype of direct-
acting alkylatihg carcinogen 1is important tq huméns since
it 1s a highly reactive chemical used in chemical labora-
tories as an intermediate in organlc syntheses. Therefore,
veople working in these laboratories would be exposed to .
this cércinogen. The main site of alkylation by this
compound in vitro and in vivo seem to include the N-1, N-3
and N=7 positions iﬁ~aden1ne as.well as the N-3 and N-7
position in guanine(22). A ’‘small proportion of the
methylation products in DNA are derived from reaction on 4
the 0-6 and C-3 positions of guanine(20,22),

In this research, a chromatograpnic system was
investigated which Baird and Brookes (273) describeq for, the
lsolation, of 7—methylbenz(a)anthracene—BH-DNA products as

deoxyribonucleosides using a water:methanol gradlent
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elutlon technique from a Sephadéx LH-20 column(23,24), '
Unfortunately, no technique then available was sensitive_
enough to detéxgiffthe structure or the DNA-bound hydro-‘m
carbon, W}th the advent of field dggorption mass svectro=-
metry (f.a.m.s.), a meZns wasjprovided which could be
capable of determining the preziously ment ioned st;ucture.
The f.d.m.s. technigque proaucgs more intenSé molecular ions
and less fragmentetion than the usual mass épectroﬁetric
Ptechniques. It- is not ngeessary to velatilize the sample and

for this reason a great many moclecules with low volatility

and/or low thermal stability, such as deoxyribonucleosides,
4

i amenable to f.d.m.s. analysis. -

Preliminary woqk showed that a variety of unde-

iivatizedimethylated purine and p&rimidine.bases; oxy—'

and deoxyriﬁonucleqsides and their analogues énd nucleotides

were gmenable.to f.d.m,s. analyéisEZS). The most notable

feature initheirlf.d.m.s; analysls is the presence of an

Iintense ¥ or ¥+F ion., The ma jor fragmenté%ion process in

nucleoside spectra involves the'rupture of the glycosidic

bond leadiﬁg to thelformation of ' the constituent sugar and

base ions. Samplgg obtained from the Baird and Brookes

' Sephadex LH-20 column chromatography oflan enzyme digest éf
calfl thymus DNA bad been analyzed by f.d.m.s, analysis by
.Lau(25) Detectipn of -dGue in one of the eluted- peaks was
accomplished with 2 X 10 -9 moles of.the deoxyribonucleoside.

- This work seemed to be promising as the detection level was

in a range in which the DNA-bound carcinogen products were

' l- T A
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suspected to be found. If the DNA-bound carcinogen products

could be detected by f.d.m.s. anai}sis. fhen their struc-
tﬁres could be determined, |

The following work exami%ed the resolutlion of the
Sephadex LH-20 éolumn chromatographic system for enzyme
digests of DNA whilch had been reactqd with alkylating carciho-
gens both in vivo and ig vitro. It was hoped that this
lsystem’would be capable of resolving the methylated nucleo-
sideé from the non—methfiated nupleosides. If" this resolu-
tion were possible, then in a future work, the resolved
hucleosides cguld be subgecte}‘to f.d.m.s. analysis in order
to elucidate the positi;n of methylation in the DNA molecule.
The Baird and Brookes éhrOmatoéraphlc system has also been
‘shown to be capable of rlsolving DNA-bound hydrocarbon
products from normal nucleosides(éB.zk) so that another future
application would be the analysis of enzyme dligests of DNA.
samples which had been reacted with PAEs both in vivo and

in vitro, ..
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CEAPTER II 1k

EXPERIFENTAL _
A, VETHODS AYD FATERTALS® = - E

1) Materials "

The foilowing‘ﬁaterials were commercially

available: P?,C.S, scintillation cocktail (Amersham/Searle);

—r

sodium dihydrogen phosphate (AnalaR); sodium citrate, sodium

&cetate, perchloric acid (J.T. Baker Chemical Co.); yeast
RNA{(E.D.H.); human placenta DNA, bovine ‘serum albumin.
. (Calbiochem.); 95% ethanol (Consolidated Alcohols Ltd.);

sodium pramihosalicylate, ligquified ﬁhenol, m-cresol,

sodium chloride, diethyl ether; Zﬁethoxyetﬁanol, 1sopropanol.

phosphorous pentoxide, sodium hydroxide, magnesium chloride,

methanol (spéctra-analyz d): apmonium formate, Nilliﬁore

:y‘filters,\butanol,‘formic acid, lithium chloride (Fisher
Sclentific Co. Ltd.); ammonium hydroxide (Nallinck;odt
Chemlical Works); ribonuclease Ty, deaxyribonuclea;e I,
th§phod1esterase, alkaline phosphatase, calf thymus BNA;
salmon éperm DNA, 2'-deoxyadenosine, 2'-deoxycytidine,
2'—de0xyguanosiné, 2'-deoxythymidine, Coomaésie Brilliant
Blue G250. dye, Sephadex LE-20 resin, Dowex 50W-X4 200-400
mesh resin (Sigma Chemical Co.). ‘ .

The sample of rat liver DNA. methylated by the

. . " )
carclinogen DMNA in‘vivo and the szmplé of calf thymus DNa

methylated by the carcinogen mﬁé?ig Vitro were both cbtained
Tfrom the laboratory of Dr. D.S, Sarma who is now assoclated

with the Department of Pathology, University of Toronto



A

School of y¥edicine, Toronto, Ontarilo, Canada.

15
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2) DrA Isolation from Rat Liver T ‘\\\

¥istar rats were obtained from the Department of
svchology, University of Nindsor The -adult rats were kept
on a standard diet: —~
DNA was isolated by a method designed by I».’.'frby(Z’ﬁ)
With 'some modifications.
| Step 1 i -
Four rats were decapitated and the livers quickly
removed and weighed, The livers were chopped on a miass
plate with a sharp knife. A 10 ml portion of ice-eold 6”
(w/v) sodium p~ aminosalicvlate solution was added for each
gram of chopped liver., The crude suspension was homogenized
in a Waring blender at &4 C for 1 min.
One portion of the crude homogenate was mixed with
one portion of a mixture composed of phenol, water'and m-
cresol 'in a ratio 10;1.1:1.4 (v/v{v). The resultant emulsion
was stirred for 1 h at room temperafure. The emulsion was
broken by centrifugatio:)at 11,?00‘x g (G.S5.A. rofor) in a
Sorvall RC2-B centrifuge for 20-30 min, The aqueous layer "
was extracted with the phenol-cresol mixture for a second

15 min tinme interval in like manner. The aqueous layer was

. Siphoned off Mnto a heaker and chilled to OOC.

Step 2 ‘

Two portions of ice-cold 95% ethanol were added

dropwise to one portion of the chilled aqueous layer.

[
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After this addition was completed, the solution wats allowed {

to stand for 1 h at OOC. The resultant stringy precipltate
was rolled ocut on a glass rod and was then dissclved 'In a
20 wl portion of an ice-cold 0.015 i sodium chloride-0.0015§ i
softum ditrate solu?ion pH 7.0, fhis solution was made 1.5 i
in sodium chloride in order to promote selective ribonucleic

: o .
acld (RNA) vrecipitation and was left at 4 C overnight.

Step 3 ‘

| The next day, the solutlon was centrifuged for 10
min at 37,000 x g (S8-34 rotor) in a Sorvall RC2-B centri-
fuge refrigerated to OQC. Two portions of ice-cold 95% .
ethanol were added drOpwise to one portion of the Supg;i
natant. After this addition was completed, the solution was
allowed to stand for 1 h at OOC, The resultant stringy pre-
clpitate was rolled.oup on a glass rod and then was dissolved
in a 50 ml portion of a 0.0IS‘E sodium chlorlde—0.00159M
scdium citrate sclution pHE 7.0 by gentle shaking in a
Precision Scientific Co, Dubnoff metabolic shéking }ncubator

o
at 4 C overnight,

Step 4
Qhe resultant opalescent solution was cenﬂrifuged at
160,000 x g {A-170 rotor) on an International preparative
ultracentrifuge iodel B-60 for 1 h to sediment any glycogen
that had precipitated overnight. A solution composed of a

1.5 ml portion o{yg 0.1 ¥ sodium chloride-
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0.01 ¥ scdlum acetate sdiution pPH 5.0 and.an aliquot of a L8
2.7 H'ammoﬁiuﬁ‘sulphate suspension of ribbnuclease Tq
containing 12,000lun1ts was added to the clear supernatght
This solution had previously been heated to 80 C for 10 min
in order to remove any contaminating deoxyribonuclease

activity, The enzyme digest was 1ncubated at 37°C for 30.

min,

Step 5

A 100 ml vol of phenol was extracted with three
100 ml portions of a 0.15 M sodium chloride~0,015 i sodium
citrate solution pi 7.0 by means of a separatory funnel. A
50 ml portion of 'the extracted phenol was mixed with the
ribonucleasé Ty digest solution.lThe emulsion was stirr%d
for 20 min at room temperature in order to extract the
orotein of the enzyme Into the phenol lgyer. The emulsion
was broker by centrifugatior at 37,000 x g (SS-34 rotor) in
a Sorvall RC2-B centrifuge for 10 min, The process of phenol
extraction on the aqueous layer was repea%ﬁd a second time
in like manner. The agueous layer was then extracted in a
separatory funnel with an equal volume of diethyl ether in
Prder to remove any traces of phenol. Nitrdgen gas was
bubbled through the aqueous layer in order to drive off any
trace sl dié%hyl ether, The solution was then chilled to

o
0 C.
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Step 6 ‘

o A 2.0 g sample pf'sol£d sodiunl acetate was added to
the solution in order to maintain any traces of glycogen 1n
“solution and to help promote DNA orecipitation In the next
additlion. Two volumes of ice-cold 2-ethoxycthanol were. added
dropwise to ono-volume of the solution. After this addition
was completed, the solution was allowed to set for 1 h at
0 C The stringy precipitate was rolled out on a 5lass rod
and then was mixed with a 5.0 ml portion of a 0,015 W~ sodiuﬁ
chloride-0,0015 M sodium citrate solution pH 7.0, The mixture
was gently shaken overnight at MOC as mentioned in Step 3.

Step 7 |

]

®  DNA was precipitated by the dropwise addition of an
lce-cold 5.4 ml volume of isopropanols After this addition
was completed, the solution was allowed to set at O°C for

1 h, The DNA fibres were'theo wound on a glass rod and
washed consecutively with 10 ml portions of ice- cold 75%
ethanol-1% sodium chloride, 75% ethanol and 95% ethanol in
order to remove any contaminating substances which would be
adhering to the surface of the fibres. The fibres were placed

on a watch glass in vacuo over phosphorous pentoxide in
o B

Pl

order to dry.
Step 8
After drying, the fibrds were welghed ard the yield
was calculated in terms of mg of DA per gm of liver, Analysis
was made as to the content of RNA and protein and the T

value was measured as outlined in the i“ethods BCL}
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3) Evaluation of DNA Purity

The types of DVA tesf#ed were calf thymus, human
placenta, rat liver and sélmon sperm.

a) RNA Content ' |

A 10 unit aliquot of a DNA solutionlwas hade 0.3 KN
dn Sodiuﬁ.hydroxidéfwfhis solution was theq heated for 2'h"
at SOQC. The optical density (0.D.) was then measured at
260 nm in a Beckman Acta KV spectrophotometér on a 604l
sample of the incubated solution. The aliquot was added to
a 1.5 ml portion of a 0,05 sodium dihydrogen phosphate
solution pH 5.0,

A 0,05 ml ice-cold portion of concentrated (7%%)
perchloric acid solution was added to each millilitre of
incubated.éoluti?n and DVA preclipitation was allowed to
proteed at 0 C for 1/2 h., The solution was then filtered
through a ¥illipore filter (pore size Q.454). The filter
was washed twice.with 1.0 ml portlions of a 0,5 N solution of
lce-cold perchloric acid. The 0.D. was then measﬁ}ed on the
Tiltrate as mentioned before, A percentage of the RNA
content was calculated by the following equation:

0.D, (of the filtrate after
260nm perchleric acid treat-

FRYA = ment ) dilution 100
0.D.5¢0pnm (of the DVA solution A factor * /Jf“
5 before perchloric -

acid treatment)
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b) Protein Content

Protein content was dete}mined by a method outz
lined by Sedmak and Grossberg (27). This method uses the .
Coomassie Brilliant Blue G250 dye and is specific for poly-
-.peptideé and péoteins of molecular weights greater than
BOQO. This method was chosen due to its sensitivity (<1.dﬂg
of albumin)}. The Towry protein assay would™not be‘sﬁitable
.1f the bases adenine, eytosine, gdéning and/or thymine were
present because the Folin reagent binds to these species
éspecially to guanine (28). Although only polynucleotides
were generated by DN¥ase I digestion of the DxA samples, the "
possibility still existed that some nucleic acid bases could
be present in solution. These Species do not interfere with
the Coomassie Blue technique.
Standard concentrations of bovine serunm albumin
(B.S.A,) were prepared using a 0.01 M sodtum dihydrogen
phosphate-0.01 ¥ magnesium chloride buffer pH 6,0, A.1.5 ml
aliquot of each®of the concentrations of B.S.A, solution
was mixed with a 1.5 ml.portion of a 0.06% solution of the
Coomassie Blue dye prepared in 3% perchlorie acld. The blue
‘fcolour was allowed to develop for 8 minutes, An absg;bance
reading was measured at 520 nmn, the wavelength oﬂhmaximum
absorbance_of the_dye:protein complex, An absorba;;e
reading was also measured at 465 nm, the wavelength of
maximum absorbance of the léuko form of the dye. A ratio

was calculated for each of the B.S.A. concentrations as

follows:

1



absorbance at 620 nm a

Ratlo = S¥sorbance at 465 nm

Prom this ra%io was subtracted the following ratio:

absorbance of the buffer blank + dye at 620 nm -
absorbance of the buffer blank + dye at 465 nm

This subtracfion was necessary as the buffer itself reacted
with the dye. The éo:rected ratios and their correspgnﬁing
protein concentratlions were subjectéd to least squares
analysis in order to determine constants to be used in the\
determination of any unknown protein concentrations.

A 50 unit aliguot of DRase I activity was added to
each of the following samples and the volume wés_brought to
1.5 millilitres with the -sddition of buffer:

a) an empty test tuype in order to determine the contribu-
tion of the enzyme to the protein assay.

b) an aliguot of the buffer solution contalning a 7.54E

portion of B.S.A. protein in order to determine if the
Duase I solution contained any proteolytic activity.

) aliquots of the buffer solution containing 700ug
vortions of each of the DNA samples to be assayed.

A 7.54s portion of- B.S.A. protein was added to a 1.5 ml

volumi of buffer. This sample was compared with the sample

containing B.S.A. protein and DNase, (b), in order to check
for any proteolytic activity in the Diase I solution, A
?OQag portion of commercial calf thymus DNA was brought to
1.5 millilitres with the addition of buffer in order to
provide aléample of intact DNA with which the Coomassie Elue
dye could react. The dye and DHA complex was expected to

precipitate from solution (27). A 1.5 ml volume of the buffer

was Measured out as a buffer blank, The afore-mentioned
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samples were allowed to stand for 2 h at Troom temperature‘tﬁ
allow Diase digestion of DNA, After 2 h, all the sblutions
were assayed by the Cooméssle Blue technigue. The ratio
for the buffer as well as for the DNase was subtracted from
the appropriate samples. Using the corrected ratio and the
standard protein data, it was possible to détefmine the
amount of protein in each saﬁple.

The Tollowing calculation was done to obtain tﬁe
percent protein content in DNA:
Protein Concentration

A g/ml X 1.5 ml
(Least Squares Analysis)

X 100
2004 DNA
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c) Tﬁ Leasurement

The T, values for the 1solate% rat liver DNA and the

wrat liver D¥A methylated in vivo by DEENA were reasured

| followingla methoed outlin;d by Irving (8), 4 0.6 unit
aliquot of DNVA was mixed into a 3 ml portion of a 0.0ij M
sodium chloride-0..0015 » sodium clitrate solution pk'7.0,
The temperature of the solutién was Increased at a rate of
about O.Soc/min. Th; optical denéity (0.D.) was noted at
250 mm at 1°C intervals ﬁntil the temperature was 1000 away
from the Tm value at which point the 0.D. was noted.at O.5°C
intervals. The data were plotted on a graph with the’ 0,D.
values on the ordinate axis and the temperature 1n°C on the
abscissa axis.

The half-height of the Curve was used to determine
the Tﬁ value. The low plateau 0.D. value was subtracted from
the high plateau 0.D. value and the differencé was divided by
2. The number obtained was then added to the log plateau 0.D,
value and the corresponding temperature, Ty value, was inter-
polated from the graph,

The T, values fgr calf thymus, salmon sperm andg
human DWA were measured following the method of harmur &

Doty (29). The only difference in the method was the incu-
bation medium. In this case, a 0.15 ¥ sodium chloride-
0.015 ¥ sodium citrate solution pH 7.0 was used., The data

were measured and plotted ‘and calculations made as before.

N
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4) Purification Ei Human Placenta' DNA

“The DVA was dissoived 1n'a‘m1niﬁal quantity of
0.015 ¥ sodium chloride-0.0015 ¥ sodium citrate solution
pH ?lO. The solution was then treated as‘de cribed in the
lethods 2), steps-4, 5 & 6 making allowances for the volgme
of solution used. Due to the low quantity of DNA, the
Stringy precipltate was not rolled out on a glass rod, but
was filltered by suetidn on a Buchner funnel. The filter
ﬁaner.disc was‘soaked In a 10 'ml portion of & 0.01 i
magnesium chloride solution pH.6.0 ovérnightf'

ET l1lter paper was removed the next day aéd
the solutidn was again:filtered by s?ction to remove any
paper fibres. The 0.D. at 254 nm was measured on an aliquot
of the solutlon and: the units of PNA were calculated, The
solution was tested for purity as described in the Methods

3) a, b & c.

-
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5) Preparation for’Chromatography ' -

é)'Sample Dissclution and Dialysis

| AL.O me sample of DNA was dissolved in a 4,0 ml
portion of a 0.0l ¥ magnesium chloride solution pH 6.0
overnight, Thé next day, the total number of units of DNA
were calculated. The assumption was made that the only
abSorbing.species pfesent was intact DYA. If there were any
béses; nucleotides, nucleosides and/or D¥A fragments
present, Eﬂ;? would pass through the dialysis ﬁubing in the
neﬁt.stgp and be noted as a decrease in C.D. at 254 nm.

The sodium lon interferes with any f.d.m.s.
analysis of nucleosides (25) so fhat in preparatioﬁ for
. future woyk, thls problem had to be minimized. Dialysis of
the DVA sélutions versus a solut;on containing no sodium
helps to reduce'the amount of sodium vresent in the DNA
sample, The DNA solutions were placed in dialysis tubing
and each sample was dialyzed against a 1.0 L volume of g
0,01 magnesium‘chfiride solution pE 6.0 overnight.

'~ Tris buffer®also interferes with f.d.m.s. analysis
of nucleosides (25). For this reasony a tris buffer
solution was not employed as thé-&igestion medium, The pE
of the solution was maintained as described in'the Fethods
5b).

b) Enzyme Digestion

Thé me;hqﬂ of Balrd & Brockes (23) was followed
with some modifications by Hall (30). This methoed hydro-

lyzes intact DNA to 2'-deoxyribonucleosides.
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-~ A 1600 unit sample of the endonuclease, deoxyribo-
ﬁuclease I (EC. 3.1.@:5) was added to the dialyzed solution
and the digestlon was continued for I h at 25°C. The pi was
monitored on a Radiometer pH meter 26 and was maintained at
pH 6,0 by the addition of dilute ammonium hydroxide solution.

Then, the pH was ad justed ﬁo 8.6be the addition
of dilute ammonium hydroxide solution. A 0.5 unit aliéuét 6f
.the exonuclease, phosphodiesterase (EC. 3.1.4.1) and an
11 unit aliquot of a 2.5 M ammonium sulphate suspension of
the hydrclase, alkaline phosphatase (EC.3.1.3.1) were added
simultaneously and digestion was continued fér 8 h at 37°C.
The pY was moni%ored and maintained at 8.6 as described
prevliously. The solution was then frozen.,

The next day, a Seéond aliquot of 0.4 ml df"é 0,01
solution of magnesium chloride pH 8.6 was added, Th?n,la
second 0.157 unit aliquot of phosphodiesterase and a 2.17 °
unit aliquot of alkaline phosphatase wére added and digestion
was continued for 8 more h at B?DC. The pH was monitored
and maintained at 8.6 as described previously.

The digest was then dentrifuged at 37,000 x g
(SS—B& rotor) on a Sorvall RCZ2-B centrifuge for 10 min to
sediment any pfotein that had precipitated: The 0.D., was
measured at 254 nm on an aliquot of the supernatant'and the
total units of deoxyribonucleosides présent were calcultaed.
This calculaticon makes tbe assumption that all the intact
D¥A has-been oompletély digested to deoxyribonucleosides.
This may not be the case if the DNA is not completely

hydrolyzed.
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The enzyme digests wer/fthen oncentrated to a
volume of about 1 to 3 ml by means of 1ly philization or
flash evaporation at 30 Cs The 0.D. was then measured at 254
nm on an allguot of the‘concenfratedlsolutiqn and the tgtal.
units of depxyribonucleosides present were-calculated:'

‘A 35 & samplg}pf the Sephadéi LH¢ZQ resiﬁ was
washed “several times wlth distilled delionized water. The
resin was then washed 3 times with 30% methanol and allowed .
to swell overnight ln’BO% methaﬁql. The excess methanol wa
dra;ned of f the next day arnd a.thiék slurry of the resin wWas
slowly poured down the sidé% of a 90 x 1.5 cm Pharmacfa
-6olumn. The r'esin was allowed to settle and then a 1..
ﬁortlbn of 30% methanol was pumped thfough the column jby
means of a Pharmacia P-3 peristaltic pump at a raté-of
about 0.5 ml/min. |

The concentrated enzyme digest was made 30% in
meth;nol and was applied to tﬂe top of the resihlbed and -
allowed to drdlin into the resin. The c;iﬂmn was then filled
with 30% methanol and conrected to the pump, A convex
exponential gradiq?t of 30%-93% methanol was created by
pimping from a flggk containing a 5b0.ml portion of 100%
methanol klimit buffer) to a mixing flask containing a 500
ml portion of 30% methandl. This methoc'l.was used to r'eplaée
the Baird & Brookes method (23) of using a glass siphon to
transfer\f}om the 1imit buffer vessel to the mixing buffer

vessel, The gradlent generated by the pump was essentially
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linear in the elution reglon of the deoxyrlbonucleosides as

calculated by the following equation {(31):
c =Co[}-exp(—tB/Voﬂ + 309

the Eoncentration of the elution buffer at

where: C =
time t (% methanol)
t = time in nin :
" Cp= the concentration of the limit buffer

= 100% methanol -

R = rate of flow into the mixing buffer
= total flow rate out of the mixing buffer
= 0.5 ml/min .

Vo= the initial volume of the mixing buffer
= 500 ml '

The solution was then phmpedsfrom the mixing
flask to the column at a rate of about 0.5 ml/min. Fractions
of 4.5 ml volume were cglleéted from the time of sample—
application by means of an ISCO Golden Retriever fraction
collector. After 450-612 millilitres had been collected,
the pump was shut off aml the 0.D. values of each fraction
. : .
were.méasured at 254 nm on a Beckman Acta MVI spectro-
photometer, |

A 4.0‘m1 portion of the 0,01 E'magnesium chloride
solution pH 6.0 containing‘the same quantities of the three
enzymes used in the MNethods 5b) was flash evaporéted to
one miililitre, made 30% 1nﬂﬁfthanol and applied to the
column. This solution served/as a blank toedetermine the
contributlion of the enzymes to the observed O.D.\pf the
eluted deoxyribonucleosides, Any cont;ibution éf the enzyme
bldnk was subtracted from the observed C.D. for the species
eluted during the'column chromatography of the ehzyme
digests of DNA, The total units of the éiuted Speclies from

the chromatography were calculated from the corrected 0,D,

)
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values, The correctéd G.D. values were piotted:on the
‘ordinate axis and the elution volume in millilitres from the
column were plotted on the absclésa axlis,

A 3.0 ml poftion of the 0,01 Mﬂmagnesium chloride
solution pH'é,O containing 54 units of 1ntadt commercial
calf thymus DVA was made 30% in methanol ahd applied fo the
column. It was assumed that this sample would glve some
information regarding the elution of incoﬁpléterw digested
DYA from the column. |

A 1,0 ml portlon of a 0,01 ﬂ magnesium chloride
gsolution nE 6.0 containing 2C.2 units of intact yeast RVA
was made_BO% in methanol and applied to the column, It was
assuméd that this sample would give some information re-
garding the elution of any contaminéting.RHA from the
column,

A 5.0 ml portidn of the 0.0l‘M magnesium chloride
solution pH 6.0 containing.0.1 mg of S-methyl-2'-deoxycyti-
dine was made 30% in methanol and applied to the column, It
was ;ssumed that this samrple would give some information as
to the ng;lution of the columq for methylated dCyd in com-
parison to non-methylated dCyd. F

" The fractlons, containing the species eluted from
the Senhadex LH-20 column chromatography of the digests of
DA were poéled according to those tubes which contained
the maxirum absorption at 254 nm. The volumes of each of the
pqoled fractions were divided into two parts. One part was

" .
subiected to Dowex 50W-X4 column chromatography. The second
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part was studied only in the case of, the digest of the

lsolated rat;liver DYA for which spectral ratios were de-
termined and thin layer chromatographs analyzed 9% to fhe
identification of the eluted species. The‘gécond part of the
other DYA samples was saved for future f.d.m.s. analysis
provi&ed-that ﬁhe Sephadex LH-20 column chromatography was:
found to be suitable. ‘

¢ A compabisonlof”fhe'elution profile of the digest
of the calf thymus DNA methylated by ¢S in vitro to the
elution profile of the digest of commerclal calf thymus DYVA
was made in order to detgrmine the ability of the cglumﬁ to
resolve thege specles. A comparison of the elﬁtion'profiles
of digests of isolated :at liver DM¥A and rat liver DNA
methylated by BH—DMVA in vivo was made for a similar reason,
Salmon sperm and humén placenta DNA dlgests provided other

sources of species derived from DWA which had not been re-

acted with carcinogens.

~
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7) ldentification of Specles Eluted from
Sephadex LH-20 Column Chromat ography

a) Thin Layer Chromatography

This technique was used to identify tRe species
eluted from the Sephadex 'LH-20 column chromatograohy of an
enzyme digest of fsolated rat liver DNA. The conclusions
Teached from this particular thin layer chromat ography
(T.L.C.)} were extended so as to make some predictions
regarding the_nature of the specles eluted from the Sephadex
LH-20 ecolumn chromatography of the other DNA digests,

The plates used for the T.L.C. were commercially
brewvared by Facherey-tagel & Co. arnd were 20 cm x 20 cm:
plastic sheets coated with absorbent to a uniform thickness
of 0.1 om. These sheets were placed in glass tanks (27.4 cn x
7.1 em x 24.1 cm) in which the solvent atmosphere had beern
allowed to equilibrate for 24 h, This preliminary " step
- eluted any impurities that may have been on the Sheets. The
Specific thin layer systems used were:

1) DEAE-Cellulose plates run in butanol:ammonium
hydroxide (4:1) (32). .

2) DEAE-Cellulose plates run in butanol:formic acid:
water (60:30:10) (33). i

3) PEI-Cellulose plates runm in 0.025 i lithium chloride (34),
These three systems Tepresented three different pE ranges
which were basic, acidic and neutral respectively. The
plates were allowed to develop in an ascending manher until
the solvent front had reached the top of the plate. The
solvent was evaporated from the sheets, which had been

removed from the tanks, by the gentle warm ailr of a hair
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dryer. The sheets were then viewed under ultraviolet light

of 260 nm in a darkened room'in order to check for any

impurities that still may have been left on the ?1ates.

- /
¥ost of the second part of the volume of the
species eluted from the Sephadex LH-?O column éhpomatography
of the digest of isolated rat liver DNA was concentrated to

a volure of about 10041 by‘flash evaporation at BOoc, A

~

caplllary tube was used to sﬁbt each of these species as k
well as standard deoxyribonucleosides onto the thin layer \

.
sheets. The shee were then allowed to develop as described \\\\

previously untdl the solvent front had advanced 15 c¢m., The

sheets were removed from the developing tank, dried and
viewed under ultraviolet light. The spots were circled and .
the Re values were determined for each of the species run

on the chromatogram. The Ry values for the standard deoxy-
ribonucleosides were compared with the Rf values of the
eluted species andlah jdentity was assigned to the eluted
specles. The volumés of the identified speclies eluted fro&
the Sephadex LE-20 qolumn chromatograpny of the digest of
isolated rat liver DYA were compared to the volumes of the
species eluted from the Sephadex LE-20 column chromatography

of the dlgests of the other DWA samples. Some suggestions.

were then made regarding the nature of the unknowr eluted

“

-
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b) Spectral Ratios Determination
An aliquotlgf each of the pooled fractions obtained
from the Sephadex LH-Zd column chromatography of the digest
of isolated rat liver DNA was taken for spectral ratios
determination., Each of these samples was divided into three
parts and each part was titrated to a basic, acidic or
neutral pH. The optical density was méasured at 230, 240,
250, 260, 270, 280 and 290 nm, A ratio was determined as

follows: Spectral Ratio = 0, ﬁ (at a particular wavelength)
0.D.540 nm

The spectfal ratios were also determined for solutions of

standard deoxyribonucleosides in like manner, Spectral ratios
‘were obtained from the Handbook of Biochemistry (35) for the
standard deoxyribonucleosides glso. The eluted species were
ldentified by comparing their spectral ratioé with those
obtained for the standaf& deoxyribonucleosides (by measufe-
ment ard from the Eandbook). The possible identities of the
Specles eluted from the éephadex LH—2P‘COlumn chromatography
of the digests of the other DirA samples\ﬁere assligned by

- comparing elution volumes to those obtained for the isolated

rat liver DWVA,
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¢) Dowex 50W-X4 Column Chromat ography

The first part of the volumes of each of the
species eluted from the Sephadex LH-20 column chromatography
of the digests-of each DNA sample was concentrated to é 1-3
‘ml volume by lyOphilization d; flash evaporation at 30°C
A 40 gram sample of Dowex S50W-X4 400 mesh resin
. was washed several times with distilled deionized water. The
" resin was then washed 3 times with a 0.3 i ammonium formate
solution pH 8,0 and allowed to stand overnight in this buffer,
The excess ammonium formate was drained off the next day and
a thick slurry of the resin was slowly poured down the sides
of a 90 x 1.5 cm Pharmacia column. The Tesin was allowed to
settle and then a 1.0 L portion of a 0.3 ¥ ammonium formate
solution nE 8,9 was pumpeﬁ ;hrough the column as mentioned
in the Yethods 6} at a rate of about 0.5 ml/min,

o Then, one of the cqncénérated species from the
Sepha&;x LH-20 columﬁ chromatogfaphy was applied to the
column and samples of 6.4 ml volume were eluted by means of
pumping 0,3 © ammonium formate solution pH 8,0 through the
column as menticned iﬁ the rethods 6) at a rate of about
0.5 ml/min. The buffer was changed to 1.0 ammonium
Tormate solution pE 9.0 aft?r 640 millilitres had been
eluted from the column only for those samples which were
obtained froa the Sephadéx LE-20 column chromat ography of
the enzyme dligests ‘of methylated -Dia samples., Some of the ~
methylated derivatives of deoxyribonucieosides %?e eluted

by this buffer (36).
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Agueous solutlions of dAdo, dCyd, dGuo and dThd

were anplied in turn to the Dowex column and the'chrOmato-
graphy was carried out as before. This procedure Yielded the
elution volumes of éagh of the standard deoxyribonucleosides
ffom the Dowex célumn. A 7.0 ml volume of water containing a
total of 1404g of a mixture of the standarﬂ deoxyribonucleo-
sides was applied to tﬁe Dowex column and phg chromatography
was carried out as befofe in order to determine the resolu-
tlon of the Dowex column for a mixture of all four deoxy-
ribonucleosides,

A comparison was made between the elution volumes
from the Dowex 50W-X4 column of solutions of standar@ deoxy-
ribonucleosides and the elution volumes from the Dowex spw—xa
column of each of the species obtained ffom the Sephadex LE-
20 column chromatography of the'digests of the DNA samples.
It was hoped'that this comparison would give some Information
28 to the possible 1dentit; of the specles eluted from the
Sephadex LE~20 column. This information would be éupplemen-
tary to that obtained from the f:L.C. analysis and spectral
ratios‘determinations.

Other samples run on the Dowex 50W-X4 column
were: 1) A 30% methanol:water blank (in order to determine

the background absorption coming off the Dowex

column). g

2) A solution containing/the tandard bases adenine,
cytosine, guanine and” thymine (in order to
determine if-the'Dowex column could resolve these

sgsci?s from thelir corresponding deoxyribonucleo-
sldes). ’

3) A solution containing 5—methyl—2'—deoxycytidine by
1tself (fn order to determine the elution volume of

i
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this methylated derivative from the Dowex column).
L)Y A solution containing deoxyadenosine, l-methyl-2'-
deoxyadenosine, deoxycytidine and 5-methyl-2'-
" deoxyeytidine (in order to determine the ablllity
of the Dowex column to resolve methylated and
non-methylated deoxyribonucleosides),
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A) Liquid Scintillation Counting

a) Scintillation Cocktall Counting Efficlency
The seintillation cocktatl, P.C.S., by Amersham/
' 3

Searle, was tested for efflclency in counting “H-inulin,

This compound was used to check é%untlng efficfency as no
3H-1abelled deoxyribonucleoslides of known specific activity
were avallable., 1t was assumed that the counting efficlency
xwould be similar for Ju_labelled déoxyribonucleosides. The
inulin sample had a known specific activity of 5.58 x 105
disintegrationgw;er minute {(dpm)/1.041 sample., A 1.0ul
sample of inulin was mixed with a 10.0 ml aliquot of the
cocktail and was counted for 0.1 min in a Beckman LS 315CP
liquid scintillation gounter set to monitor the 3k-label in
counts per minute (cpm). The percent efficliency of the
cocktall was equal to the (cpm/dpm) x 100,

b) Preparation for Chromatography .

The only sample which was 35_labelied was the

rat liver DRA which had been methylated by 3H-Di‘-‘.NA in vivo.

This sample was dialyzed as in the methods 5a). The dilalyzing
med ium was monitored before and after dialysis for any BH- )
label, If any‘small J5.labelled speciles were present in
this sample of DNA, they would have pgssed througﬁ the
dialysis tubing to the medium. This sample was digested
ard concentrated as in the Yethods 5b),

¢) Sephadex LE-20 Column Chromatography

(

vethods 6. The fractions were monitored for optical density

The chromatography was ‘¢carried out as 1In the
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at 254 nm and for cpm. A 1.0 ml aliquot of" each of the’ .

fractions was mixed with a 10.0 ml aliquot of the éockfail.
The Samples were‘then counted for 10,0 min as in the Héthods
8a). The values in 0.D.254 nm and in cpm were plotted on the
ordinate axis and the elution volume in millilitres from
the column were plotted on the‘abscissa axls. The elution
profile of the JH-labelled rat liver DNA digest from the
Sephadex column as measured by 0.D.p54 np was compa;ed'tq
the elutlion profile as measured by cpm in order to deter-
mine the ablllt& of the column to resolve the species
which were derived from the site of reaction of the 3H-DNNA
on the rat liver D¥A in ylzg.frdm those specles which wele
derived from unreacted sites oﬁ‘the same DNA molecule, :%:5
'd) Dowex 50W-X4 Column ChrOmatogréphy

Half of the pooled frac?¢ons.from the Sephadex
LH-20 column chromatography of the digest of rat liver DNA
methylated by BH-DMﬁA in vivo were subjec%ed to Dowex 50W-
Xt column chromatography as in the methods 7c¢)}. A 1.0 ml
- alliquot of each of the Dowex f%actions was mixed with a 10,0
ml aiiquot of the cocktall and the samples were counted for

10.0 miri as in the Methods 8a). The O-D-254 nm Was also

measured“for these fractlons.

- C



B, RESULTS
a) Isoclation of DNA

DNA was isolated from rat 11ver tissue It was
first necessary to test the Coomassie Blue method (2?) of
dete;;ination of protein as to its gpplicability in assaying
~proteln in the presence of DNA. These data are shown in
Table I. DNase I, the'enzymé used to break down the DUNA to
polynucleotide levq}. was thought to contain some protease
activity, If protease actlvity were present, then measure-
ment of protein would yleld false low readings as Coomassle
Blue dye can only detect polypeptldes and proteins of
molecular weight gRreater than three' thousand (27), Comparisdn
was made, as seen in Table I, between the sample containing
B,5.A. and the sample confaining B.S.A.'of the same concen-
tration incubated in the presence of DNase I, The percent
difference between the two protéin concentrations calculated
frgm standard data was found to be 6% which is within limifs_
of experimental error: It was, therefore, assumed that no:
profease activity was present in Ehe samﬁle of DRase I:
The stapdard curve for protein yiélded a correlation coeffi-

lent of 0.9985 and a y-intercept of 2 x-lO-Z'indicating

that the data are valid for the calculation of unknown pro-
teiln concentrations within the range of 1.0-20.0ug/ml.

Figure 4 shows the curve obtained in the measuré-l
ment of the Ty of the isolated rat livér DNA., The T, value

as well as other characte;}stics of the isolated rat liver

h
DVA are shown in. Table II._Due to the small amount of
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Table I. Protein Determination., The details of the

measurement and calculation of the data shown in this

-

table are explained in the Methodg 3b).
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TABLE I

-

Protein Determination

" . R y N “

' 0.D.goopm- BAatid Corrected Protein
Solution BRatio "(for buffer and - Concentration
: . DNase contri- (4 g/ml)

. 3fD'b65nm bution)
1] - .
DNase Digest 0.599 0.020 0. 000
(Calf DNA) .
. DNase Digest .,  0.57% 0,000 . . 0.000
{(Human DNA) ‘ .
DNase Digest 0.666 " 0,087 0.957
(Salmon DNA) ° ’ {
DNase Digest ~ . .0.597 0.018 . 0.000
(Rat DNA) o : .
7.5.48 B.S.A. 0.950 N 0.371 ' 5.014"
+ DNase
' DNase 0.579 0.102 - 1,171
7.54% B.S.A. . 0.870 0.393 5.329
' » — DNA
Calf DNA . precipitated - . -
S . ogt_
Buffer 0.477 . 0.000 0. 000
\v
\ [
' L
[
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Figure 4. T  Determination for Rat Liver DNA.

The details of this measurement and calculations- are

explainéd in the Methods 3t).

B
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Table II, DNA Purity. The details of the

e
measurement and calculations of the data shown in thiis
table are explg;néd in the Methods 2) step 8 and

3) a, b%and 6.

-
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.- TABLE II
DNA Purity
‘ RNA = Protein Tm T,
‘"Type of DNA Yield % % -
(exp.) ~(1it,)*
Commercial X
Calf Thymus T - 0.0 0.000 - -
Commercial
Euman - 13.7 - - -
Placenta ' “(before - -
purif.)
- 1.0 0. 000 - -
s (after
purif.)
Cemmercilal
Salmon - 0.0 0,205 - -
Sverm
Isolated o) o
Rat Liver 1.0 mg DVA 0.0 0.000 69.5 C 69.7 C
gram liver o +0,5% +0.1°%
Rat Liver
{DMNA - 19,6 - - -
treated)

Calf Thymus
(¥mS
treated)

"% see Irving's paper (8).
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sample of methylated DNA, the following tests were not done:

1) profein and Ty analysis of both rethylated rat liver and
methylated chlf thymus DNA. )

11) BVA,analysis of the methylated calf thymus DVA.
Ty va ﬁes were not measured for normal calf, human.and
salmon DNA samples due to mechanical difficulties with the |
circulatiné hot wate{ bath,
b) Fuman Placenta DNA Purification

The human DNA sample was found to contalin a high
percentage ‘of RNA contamination as is shown in Table II,
This sample was purified aS described in the rethods L) and
tﬁe RNA c9ntént was lowered as shown in Table II, The rat ;
liver DA methylateq by DENA in Vivo was not purified due to
the small amount of‘sample.

¢c) Preparation for Chromat ography

The samples were dissolved and enzymatically
digested as described in the Fethods 5b). The total units
before and after‘digestion are shown in Table IIT. The
"hyperchromic shift was observed as 1s expected when'DNA is
hydrélyzgd by eﬁzymes._The total units after digestipn were
ﬁot measured for the human placental-DNA_énd the éémmercial
calf thymus DNA. The volume of the resultant digest was
concentrated except in the case of the calf thymus Dha
methylated by r¥S in vitro. This procedure was not necessary

in this case because the volume was small ‘after digestion

J}‘-.
and therefore suitable for subseguent Sephadex LK-20
column chromatography. The units of calf thymus DMA (118

treated) were not measured prior to digestion.
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Table III. Total Units of Absorption at

254 nm,



TABLE III

L

- .Total Units of Absorption 4t 254 nm

W

P

UNITS BEFORE

UNITS* AFTER

UNITS JAFTER

treated)

TYPE OF DNA DIGESTION DIGESTION SEPHAﬁEX.LH—ZO
) . - CHROMATOQGRAPHY
Commercial )
Calf Thymus 73.2 - 102, 4%
Commercial
.Salmon Ls5,6 66.3 66.8
Snerm
Commercial )
Yuman 21.4 - 31.5% *.
™Mlacenta i :
Isolated
Rat Liver 22.6 29.2 29.2
Rat Liver
(DMNA 17.4 19.4 19.1
. treated)
Calf Thymus
(1M3 - 99. 5 92.6

#*These values are an indication of the hyperchromic
shift which occurs when DNA undergoes hydrolysis.

e At
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d) Sephadex LH-20 Column Chromatography

J The concentrq@ed samples were then applied to a
Sephadex LH-20 column, A 30% methanol:water blank alone did
not elute any absorbing species from the column., The magnesium
chloride buffer blank, to which the three enzymes used in the
digestion of DA were added, was adjusted to contain BC%~
methanol, This solution of enzymes contributed significantly
td the elution profile as shown in Table IV.Ali statements re-
garding the total absorbance units at 254 nm have been
corrected so as to exclude the enzyme contribution, Table w
III shows the total unit? recovered after chromatography.

Figure 5 shows the elutlon profile of enzyme

digests of commerclal calf thymus DNA and calf thymus DRA

" methylated by NS in vitro. Figure 6 ‘shows the elution
. profile of the enzyme digests of isolated rat liver DMNA
and rat liver DNA methylated by DxNA in vivo., Figure 7
shows the elution profile of an enzZyme digest ;f rat livér
DNA methylated by DﬁNA as measured by optical density
measurements at 254 nm and by radicactive counting of the
Jg-label as cpm (3E-DNNA was‘dsed to achieve methylation
of the rat liver D¥A).
. Table IV compares tﬁe regions of elution from

the Sephadex LH-20 column chromatography of the enzyme
digests. Peaks dccurred in several reproducible'regions of
elution volumes and were asslgned Roman numerals as follows:

=4.5ml; Ib = 40.5-49,5 ml; Ic = 54.0-58.5 ml; Id = 63.0-
81,0 ml; JIe = 90,0 mi; i1

il

108.0-117.0 ml; IIT = 126.0-
139.5 ml; IV = 148.5-162.0 ml and V = 171.0-198.0 ml.
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Figure .5, Sephadex LE—2O Column Chromatography of

Enzyme"Digests of. l1)Commercial Calf Thymus DNA

2)Calf Thymus DNA (S treated) s—
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! Figure 6. Sephadex LKE-20 Column Chromatography of

Evizyme Digests of: 1)Isolated Rat Liver DNA s---<----s

_2)Hat Liver DXA (DENA treated)
(0.D.254 nm) '
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Figure 7. Sephadaﬁ; Li-20 Column Chromatography of
Enzyme Digests of: 1)Ret Liver DNA o ——— o
\ - (DENA treated)(0.D.pq), o)
2)Rat Liver DNA e-cece.a. .
(DRNA treated)(cpm)
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Table IV. Summary of Sephadex LH~20 Column

Chromatography. The detalls of the measurement of the

data shown in this table are explained in the Methods 6).
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Other data shown in Table' IV are the elution volumes of .

commercial calf thymus intact DNA, commercial_yeast intact
- RNA and 5:methyl-2'—deoxybytidinel The elution of calf thymus
_intact DNA was measured in order to dete?mine the contribution
of any DMNA which had not been completely digested by enzymes.
The elution volume of the intact yeast RNA was measured to
determine the: contribution of any contaminating RNA to the
elution profile of deoxyribonucleosides. Commercially
pfépared 5-methyl-2'-deoxycytidine was used as a standard
methylated déoxyribonucleoside. The e}ution volume of
this compound‘from the column would indicate some informa-
tioﬁ regarding the resoclution of the column for methylated
'deoxyribonucleosides In relation to the hon—methylated ones
which arise from the digestion of methylated as well as
ns}mal DNA samples. s _
e) Identification of Feaks in the Elution Regiéns
%;??hin Layer Chromatography | |
b //// ‘Thin layer chromatog?ams were run for each of
/théxﬁeaks in each region from the Sephadex LH-20 column
: chromatégraphy of an enzZyme digest of the isolated rat
liver DYA. The chromatography of standard deoxyribonucleo-
sides with each unknown facilitated the identification in
that the Ry values could be directly compared. The various
Ry values are shown in Table V..Any materlal eluting from
4.5 ml to ?fo\ml was thought to contain the enzymes as is

seen in Table IV and was not subjected to thin layer

chromatography. : :
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Table V. Thin Layer Chromatography.
The measurement énd calculation of the data in this
table are explalned in the ¥ethods 7a),. Peaks were
obtainéd from the Sevhadex LE-20-column chromatography

of a normal rat liver DUNA digest. -



TABLE Vv

'Thin Layer-Chromatography

62

Peak

Hr Values for Standards

SyStem Rf
A dAdo dCyd dGuo dThd
Butanol : Ammonium IT . 088 .176 ,088 061 .332
Hydroxide '
4:1) IIT ,301 161 .088 068 . 297
DEAE-Cellulose
IV . 062 210 .122 .072  .Lob
(pH >7.0) .
V__.327 . .320 .192 .107° 453
Butanol:Formic .Acid: II 114 135 111 .104* 4sg
Water , :
(60:30:10) IiTI 449 .139 =109 L1158% LhL§
DEAE-Cellulose. L : '
IV ,122% 143 116 L110# .493
(pH< 7.0)
vV L1171 .158 - .114 113 . 543
0,025 Lithqu 1I - 753 . 207 .753 .s521 . 809
Chloride
PEI-Cellulose III .797 . 532 .823 . 574 . 805
. e Z
(pH = 7,0) IV ,521 -217 _.771 536 . 838
V.56 488 722 487 766

*These spots gave a special light purpie fluorescence,
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1i1) Spectral Ratilos Determination
The spectralﬂratios were determined for each of the
peaks in each of the regidﬁs obtained: from the Sephadex LH-
20 column chromatography of ‘an enzyme digest of 1solated
‘?at liver DNA. The data obtained are shown in Table VI
along with spectral ratio data obtained from measurements
done on soluéions of standard deoxyribonucleosides and
.fer the Yandbook of Biochemistry (35). Any material elu£1ng
from 4.8 ml to 90,0 ml was thought fo contain the enzymes
as seen in Table IV arnd was not analyzed for sﬁectrallratids.
111) Dowex 50W-X4 Column ghrOmatography . Jf
Figure.B shows the elution profile of standard
deoxyribonuclepsides from the Dowex 50W-X4 column superim-
posed on which is the elution profile of a-BOE methanol: _

water blanlk,

ata are shown for the elutlion volumes
following the chaﬁgeover from 0.3 » to 1.0 [ ammonium
Iformate buffer p¥ B.G, ¥o ab§orb1ng substances were eluted
from the column following this changeover,

An attempt was made toc decrease the peak seen
between‘;lution volumes 25.5 and 70.4 ml from the Dowex
column., It was thought that this peak could be the result
of some of the sample not having an opportunity to exchange
on the resin and thereby being eiuted from the column early
in the chromatography. The sample was applied to a column
whose resin had been equilibrated in a 0.03 ¥ ammonium

Tformate buffer p¥ 8.9. A 50.0 ml portion of this lower

lonic strength buffer was pumped through the column and

T
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Table VI. Spectral Ratlos Data,

reasurement ‘and calculation of the data in this tabie mre

ar
o

explained in the Nethods 7b).

Spectral Ratlo = 0.D. (at a particular wavelength)
©-D.260 nm ‘ |

Regions were obtalned from the Sephadex Lb-20 column

chromatogiaphy of a normal rat liver DVa digest,
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Figure 8, Dowex 50W-X4 Column Chromatography of: 4

1)30% Methanol:Water Blank ®.--....e

2)Standard De Oxyrib‘onu:clé os jdes o————®
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the effluent was monitored at 254 nm. The fuffer was then

. changed to a 0.3 ﬁ ammoni um formate buffer pH 8.9 and the
.chromatography was continued using this higher ionic

strength buffer. This technique did not reduce the size of

the previously méntioned peak and was not used in subsequent

chromatography. This unknown peak is not mentioned in Table IV.

The peaks. eluted from the Dowex 50W-X4 column‘
chromatography of'unknowné were compared with the elution
volumes of standard deoxyribonucleosides. The validity of
this extrapclation 1ls described in the ﬁiscussion. A summary
of the Dowex 50W-X4 column chromatography is gilven in
Table VII. .

Table VII also gives the.elution volumes.of the
commercial basesxaden;ne, cytosine, guanine and thymine,
These bases were studied in order to determine if the Dowex
column was able to d;stinguish between the deoxyribonucleo-
sides and their corresponding bases. These bases could be
present in applied samples if the‘deoxyribonucleosides have
been broken down somehow during enzyme hydrolysis. The |
eiution volumes of-5~methyl-2'-deoxycytidine alone and
S5-methyl-2t'-deoxycytidine run with 2'-deoxycytidine: 2'-deoxy-
" adenosine and l-methyl-2'-deoxyadenosine as a group are also
shown in Table VII. The.methylgted and non-methylated deoxy-
ribdnucleoside elution prdfiles were studied in order to
determine if the Dowéx column was able to distinguish

between the two speciles,

e

.. by e .

L e s -,.;}vh...wkf‘a-“ﬁ
; 3
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Table VII. Summary of Dowex 50W-X4 Column
: - Chromat ography

réasurement of the data in this table 1s explained»in

the vethods 6c). .
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“lution Vol nlution Vol N
. Sample Peax (Sephadex)

ucleo- Elution Vol
(Dowex)

256.0

185.6

467,2

5248

o
185.56

467.2

524 8

. L)
Commercial 1II
Calr
Thymus
DNA Digest III
Iv
N v
N Calf Thymus
- DNA(¥NS |
treated) -
Digest
Rat Liver I%.-
DXA (D¥NA
treated)
c3 (0.D, 254 TII
".’ “ nm)
. Digest :
v -
’ o he '
] -

) Ha£ Liver -
DNa (DN -
treated
écnm)

Digest

Isolated

Rat Liver . II

DNA Digest

' III
. \ ;'- ! - ”
x; - - <G IV
P . - 7

- V-
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TABLE VII

Summary of Dowex 50W-X4 Column Chromatography Cont'd

. _
Elution Vol Elution Vol Nucleo- Elution-«vol

Sample Peak (Sephadex) (Dowex) side (Dowex)
Commercial TII  126.0 185.6 ‘dThd 185.6
Salmon . 256.0 dCyd 256.0
Sperm :

DNA Digest ’
. IV 148.5 467.2 dGuo YN
v 171.0 - 537.6 dAdo 52k, 8
Commercial II 117.0 243.,2 - dcyd 256.0.
Human
DNA Digest .
K III 126.0 47,2 dThd 185.6
v 148.5 Y dGuo 467,22
™~ v 171.0 537.6— dAdo 524.8 P
- Commercial - . -t 230.4% dThd 185.6
Bases L
{adenine - ' _ :
Cytosine - - 256.0 dCyd 256,0
Guanine. '
Thymine)
_ _ 480,0 dGuo k67,2
dAdo 524, 8
dcyd & 2240 dcyd ~ 2s56.0
5~CH3dCyd - - 5—CH3 217.6
& dCyd
dAdo & ‘ , ,
1-CHqdAdo , 480.0 dAdo 524,8
- - 1-CH, * .
- . . ' 3 -
o . dado ////
30%

Methanol: - = 70.4 - - oy
Water . /
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Dowex 50W-X4 column chromatography was not applied
to the fraction; from the Sephadex LHAZO column chromcto-
graphy of the enzyme digest of calf thymus DNA methylated by
'JS in vitro, The samoles from the Sephadex LE -20 column
chromatography of ﬁhe enzyme digest of the rat liver DNA
methylated by DNNA in vivo were subjected to Dowex chromato-

. graphy. The data obtained from this chromatography are shown

in Table VII,
£) Liquid Scintillation Counting . | -
The gerceht eﬂficiency of the scintillation
cocktail in counting the 3H-label, using 3H-inulin as a
standard, was found to be 50.7% for a 1,041 sample, No quench
correction was made to cccount for the fact that the l.O-ml
samples of chromatographic fractions taken existed in"

. methanol:water mixturcf of vafying proportions Wo change
was observed 1n the total counts per minute in the dialysing
medium before ard after dialysis which indicates that no
small gragments were present in the intact sample Flgure 7
shows the elutlon orofile from thée Sephadex LE-20 column of
the digest of the afore-ment}oned DxA sample (as measured by
0.D.254 npm and by-cpm). The data are sunmarized in Table IV,
The fractions from the Sephadex chromatography of the afore-
ment ioned DNA digest which showed high cpm values were not

'subjected to Dowex 50W-X4 column chromatography In this

o case, only the. fractions showing the maximum C.D, ‘at 254 nm

\were subjected to Dowex chrOmatography.(The data (as measured

+

by 0.D. pgy *shown in Table VIL. o
y 0.D. 254 pp) are shown in Table VII o .
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CHAPTER III 4

DISCUSSION -

" This chapter will discuss the chromatography.

l

in order te provide a non-meghiiated source of rat liéer

The isoclation of DNA from rat livér was necessary

DNA to which the chromatography of the rat liver DKA metﬁy-
iated by Jg-puna in vivo could be compared. Tab1§ II shows
that the yield was 1.0 mg DNA/1.0 gram liver which is the °
expected yleld as.stated by Irving (8)s There was no detec-
table -RNA or protein contamination as seen in Table II so
that the 1s?lated rat liver DNA digest‘was’suitable for
chromatographic study. Table II shows the T, value sto be
69.5°C iO.S%C which is within the range of the expected
Tm found by Irving (8). The purity of the other DNA sampleg
is éhowh in Table II. There was negligible protein and RNA-
except for the case of the rat liver DXA (DRIA treated)
which had RNA taminagion. Had there been a sufficlilent +
amount of sample, purification would have been carried ouf
on this sample; It may be'poéslble that the calf thymus
Dra (Mwslﬁreated) was aiso.contaminated with RFA. This
point will be discussed later in relatioﬁs%ip to ghromato-
graphy. ) ¢

‘ The digested DNA samples were subjected to Sepha-

. (

dex LE-20%column chromatography using-Balrd & Brookes

system (23). Figures 5-7.skhow the elution profile of the

L
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methylated and non-methylated DNA digests that are of im-

ﬁortance. The pecessary data from these figures are sum-

marized in Teble IV. The total units .recovered from the

Sephadex LH-20 column chromatography show over: 93% yield
. . . .

(Table III) which means that the material is being completely

eluted from the column. ’ - o
Each of the regions eluted from the Sephadex LH-20

column chromatography of the isolated rat liver DNA digest

waétsubjected to thin layer chrbmafography. Examination of

the data in Table V for Ehe three T.L.C, sysfems. yielded g

means by which an 1denf%%y.cou;d be given to the specles

present in each region.'Complemehtary to the T.L.C. analysis,

was the spectral ratlios énalysis of the same species as

seen in Table VI. There seems to be some dlscrepancy between’

the sqandard dedxyrlbonucléosides and the unknowns in the

specg;al ratios around 230 nm. This discrepancy is

thought t§ be due to the talling'from the columM of enzymes

used in the digestlon of the DNA (Table IV). Proteins have

a %igher e;tinction co-efficlent than déoxyribonuéleosides

at 230 nm and:therefore, the Spectral/;atios show a high ¢

positive reading. The disc;;pagzy in the spectral ratiocs

around'230 nm decreases as the regions are eluted from the

i r -
column because the concentration of enzymes decreases as each

region is eluted., The spectral ratios .otherwise give positive

.reglion,

evidence &s to the identity of the species present in each

L)

Lot

-

The Dowex 50W-X4 column chromatography (Zj)tseemed

/" -
to.yleld supporting eviﬁéﬁge to the identification of the
' / . R ¥
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reglons eluted from the Sephadex «20 column chromatography B

(Table VII). The Dowex column chromatography on its own 1s
not a good tool for identification for the following '

reasons:1)An unidentifiable substance is Always eluted from
the column between 25,6 and 70.4 ml. ’

2)The column does not always resolve dGuo from
dAdo (Table VII).

3)The elution volumes of a particular deoxyribo
nucleoside are not very reproducible (Table VII).
) )

L)The golumn does not resolve deoxyribonucleosides *
froqftheir corresponding bases (Table VII).

5)The column does not resolve deoxyribonucleosides
from some of their methle\?d derivatives
(Table VII) & (26).

Regldns obtained from the Sephadex LE-20 column

chroma?ography/éf the enzyme digest of.isolated rat 1ivér

DVA were 1d:;jﬁfied by T.L.C. (Table V}, spectral ratios

(Table VI) d Dowex 50W-X4 column chromatography (Table VII)

as bei;g:l)Begion II (elutign volume = 117,00 ml) as dCyd
2)Region ITII (elution volume = 130.5 ml).as dThd
3)Reglion IV (elution volume = ih8.5 ml) as dGud
M)Rggion V (elution volume = 171.0rm1) as dado.
These data arevmn accordance with that found by Baird &
Brdokes (23) arnd Bfookes, Jones and Amos (24).I
'. In reglon I of the Sephadex LH-20 column chroma-
tography, Baird & Brookes observed a peak which was due to
the fris‘buffer salt elution of small amounts of normal
heoxyribonucléosides }23,2#). Tris bufifer was not used as
the incubation so}ution.during enzyme digestién for reasons
discussed in the Kethods 5a) and_therefore, any peaks

~ -

‘In region I of this work should not be compared to those

AN ' .
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of Baird & Brookes.

-

' -
According to Table IV, two speclies were present in

N
-7

region Id for the digest of calf thymus DNA (MMS treated)..
* The species in fhe first peak (63.0 ml) could be intact
RNA cbgtamination as indicated by comparison with the peak
seen’in Id for commercial intact yeast RNA. The species in
the second peak (76.5 ml) could be due to an excess amount
"of enzyme being present in thé\digest over the amount used
in the blank because peak Id is seen in Table IV for the
enzyme blank, All the valiues in Table IV have haqlth tqtal
units contributéa by the enzymes deducted from the tz@ai
units observed. The species eluted in Ic and Ie‘dould also
be due.to'the presence of excess enzymés.~

The commerclial calf thymus DNVA digest q;d not
show any veaks in regions’ la-e, indicatingﬂnééligible
BNA cont?mination and the possibility of éomplete digestion -
as no‘peak was seen in region Ib which could correspond to
intact DNA. These 1deas are supported by the evidence seen
in Table II and the hyperchromic shift seen in Table III,

The isolated rat liver ﬁNA digest did not show
any peaks in ;egion§ Ia-e, indicating,negligible RNA‘
coﬁtaminatipn and cémplete d?gestiOn as explalned in the

previous paragraph. *
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The rat liver DNA (DMNA treated) had a p€ak in

78

region Ib as mgasured by O'D?25M m* This would indlecate the
presence of intact DNA and thereforé incomplete digestlon

which is in accordance with the data in fable I1I. This peak
could alsc indicate RNA contamination which 1is in accordancg
with data in Table II. There were also peaks in reglons Ic |

and Id as measured ﬁy cpm. The majbrity of the JH-label was

in these peaks as seen in Table IV. It 1s also assumed that

these peaks arise from RNA contamination which may also
have been methylated by 39.-13;-';»:&& vivo. The amount of RNA
that 1s labelled wi£h 3H is small, however, as umo peaks
appe\‘ d in these regioné as measured by OLD-ZS# am*

7:? Human DNA and salmon DNA seeg\fo have negliglible

3IVA éontamination (Table IT) and seem to have undergone

' compféte’ﬁ§€?blysis (Pable III). Therefore, the peaks seen

in regioﬁ Ib and ?@ for salmon DNA digest and.r%gibn Ic
for human DNA digést are probably due to the presence of an
excess of enzymes in the'ﬁigest over that useq in the blank.
This idea has been previously discussed in the case of the
digest of calf thymus DNA (KES treated).
" The %eak at 117,0 ml in region II has been iden-
tified as dCyd for rat liver DNA.Thls peak 1s éeen in all the
norma} DﬁA#digqigs‘but salmon sperm DKA.Data from Table VII
seems to support the idea that dCyd was co-eluted with dThd,
in reglion III in this particular run.,

_ S-methyl-2'-deoxycytidine is also eluted at 117.0 ml
in region I1I (Tablé IV).It seems that dCyd and its methylatedl

derivative are not resolved on this column. In the case of

|
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calf thymus DNA (WPS treated), it 1s therefore difficult to -

conclude whether or not meéhylation has occurred on the

cvtosine moiety No methylation 1z thought to occcur on tbe

.cytosine moiety by KNS in the clted 11terature (20,22},

it is therefore ‘highly unlikely that methylated dcyd 1s

pfesent 1n-¥his peak.
Only one'peag‘was eluted at 108.8 ml in region IE

for rat liver DNA (DMNA‘treated) as measured by O.D.z2s4 nm

and by cpm. No methylation is thought to occur on cytosine

by DMNA as cited in the literature (19). The presence of

a total of 5.0 units (0.D.zsy pp) ©f material with ' ‘

2,107 total counts per minute 1in this peak {ndicates that

cytosine may have been methylated. . - ﬁé
The peak seen at 130.5.ml in reglon III has been

jdertified as dThd for the normal rat liver DNA. This peak |

(¢4.5 ml) is seen for all the normal DNA digests. In the

.case of rat liver DNA (DNNA treated), a peak is seer at

130.5 ml as measuréd.by 0.D.254 nn and is thought to be

normal dThd. The presence of 2,488 total counts per minute.

at 135,0 ml indicates that thymine may have been methylated

by DiNA. 'The literature (19) states tha£ methylation 1s

thought to occur on thymine. It is therefore likely that ;

this peak does jndeed contain methylated dThd.
In the case of calf thymus DNA (F¥S treated), a

peak 1s seen at 139;? mL. Only one peak-1s seeéen which

1ndicétes that either the quantity of methylated dThd is too

low to be resolved or that the highly unlikely situation

a

Q
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exists in which all the thymine resldues have been methy-

lated, Since methylation 1s thought not to occur on thymine
by \hS as clted in the- literature (20,22), 1t 1s more
orobabde that this peak contains normal dThd, %,
The peak at 149.5 ml in region IV has been ldenti-

fied as dGuo for normal rat liver DNA, This peak (z4. 5 ml)
1s seen for all the normal DNA digests. Cnly one peak was
seen at 162.0 ml for ecalf thymus DNA (NS treated) which
indicates that the quantity of methylated dGuo is too low to
. be resolved or that the highly unlikely situation exists in
which all the ‘guanine residues have been methylated. Since
M¥S 1s thought to methylate guanine from the clted litera-
ture (20,22), this peak probably does contaln some methylated
dGuo, Some minor contribution from.RNA contaminatidn shows
at 162,0 ml also.

* -The peak at 153.0 ml in region IV for rat liver
DNA (DMNFA treated) is thought to contain dGuo and dAdo as
no p2¥k was seen in region V as measured by 0. D. 254 nm and
from evidence of resolution of this peak on the pDowex column
as seen in Table VII. These two compounds may have co-
eluted from the column. No 3H-label was assoclated with
reglon IV which indicates that no,methyiation of the guénine
moiety seems fo have occurred. The cited literature {19)
states tqét_methylatioh is thought to occur on guanine,
Perhaps the peak in region V as measured by cpm is methylated
gGuo which has been resolved Trom normal dGuo but not from

normal dAdo. ‘ \
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The peak at 171.0 ml in ragion V has been identl-

fied as dAdo for normal rat liver_QNA. This peak (&4.5 ml)

showed in all the normal DNMA digests. Only one peak wWas Seen

at 108.0 ml in the case of calf thymus DXA (1S treated)
which indicates that either the quantity of methylated dado
is too low to be reseived or that the highly unlikely
situation exists in which all the adenine residues have
been methylated. The literature cited (20,22) states that
n¥S 1s thought to methylate adenine, Tt seems possible then
that some methyleted dAdo is preeent in this peak.
The peak séed at 171.0 ml in region V did not

show for rat liver DNA (DMNA treated) as measured by
0.D. 254 nm* This peak did contain 2, 665 total cpm units of

e f-label which indicates that DNNA ha/%thylated some

specles which 1is eluted in this reglon., A question is raised

_as to whether this compound 1s methylated dAdo or methylated

dGuo or perhaps thig peak is due to the presence of conte-
minating RNA which reacted with 3H—DMNA in vivo. RSA shows
some regioh v contribution (Table IV). . -
Reeolution of the methylated from the non-

methyiatgd deoxyribenucleosi%séﬁwould be a helpful pref
1iminary technigque to f.d.m.éi analysis. In the case of
the calf thymus DNA (Wmy.S treated), this resolution was not
detected, In the case of the rat liver DHA (DNNA treated),
there was thought to bhe some methylated dCyd present but
the column was not able to-resolve methylated dCcyd from
norﬁal'dCyd. There WwWas some/minor resolution of a speclies

, 4
o< . L)
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thought to be methylated dThd ‘from normal dThd for the
above-mentioned sample. The peék resolved at 171.0 ml for
the above-mentioned sample may be cbmposed of one df mofé:
different species. This inability of the column to resolve
the‘methylated specié; is unfortunqtg; Some data from the
éephadex_chrométography seem to indicate reactlion of the
‘ethylating agents with bases in DNA which are not thought
to be 1;ke1y candidates for reaction (19, 20, 22). It might
be possible to make adjustments to the Sephadex LH=20
column chrom&tpgraphic systém in order to improve the
resolution. One suggestion would be to use a shalloﬁer

) inear methanol:water gradient.

In summary, %t seems as 1f the Sephadex LE-20
column chromatographic system was not suitable for the
resolution of'methylated deoxyribonucleosides from tpeir
normal non-methylated counterparts. Even so0, the non- \
resolved methylated, and non-methylated specles could be N
jdentified by f.d.m.s. analyéis iT there were a sufficient’
;mouﬁt of each specles present and if an assignable

molecular ion were formed during f.d.m.s. analysis which

would indicate the presence of some methylated speciles.
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CHAPTER 1V - .

SUMMARY

It has been shown that the Sephadex LE-20 column

.chromatographic'system was not suitable for the resolution:
of methylated decxyribonucleosides from their normal non-

" methylated counterparts. This corclusion was based on.the .

chromatographic stud;qs.performed on the digests -of:

1) rat liver DNA me%hylated by DMNA in vivo.and 2) calf
thymus DNA methylated by MNSQ;Q vitro. The suggestion ﬁas
made that a shallower 11ﬁéar_methanol:water éradient e’ used
to improve the resolution of the Sephadex column for the
above-mentioned specles, Thinllayer chromatography and
spectral ratioé determinations were usgd to 1@§ntify peaks
eluted from the Sephadex column. Dowex 50W-X4 column
chfomatography was found noﬁ to be a valid means of iéenti-
figation, Even though the methylatéd and non-methylated
deoxyribonucleosides were not resolved on the Sephadex
column, it still could be possible to 1dentify the specles
by f.d.m.s. analysis., A sufficient amount of the sample
must be present and an assignablé;mélecular lon must be
formed during the f.d.m.s. analysis which would indicate

the pfesence of some methylated species, -
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