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Laboratory of Insect Pathology,
sault Ste., Marle, Ont., Canada.

Dear Dr. Wyatt,

I am indeed obliged to you for your
kind letter dated the 10th of May, and for
the interest evinced in our work on the
Circular Paper Chromatographic analysis of
Purine and and pyrimidine derivatives.

T enclose herewith a reprint of our
paper published on the "Separation and
jdentification of degradation products of
purines and nucleic acids by Circular Paver
Chromatography". Since the publication of
this paper, we have confirmed the formatlon
of 4(5) amino 5(4) imidazolecarboximidine
by isolating it in crystaline form from the
acid hydrolysates of adenine and determining
its physical constants. AlBg, work is in
progress to study the further degradation
products of this compound and their bio-
chemistrv by employing the same technique.

L

"r’ours;,._s__'.?n¢ere{?y, -

(K.V.Giri)

Encl: one)
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Separation and Identification of the Degradation
Products of Purines and Nucleic Acids on Acid
Hydrolysis by Circular Paper Chromatography

In the course of our investirations on the separation
and identification of purine and pyrimidine bases by
circular paper chromatographv?!, we investigated the
nature of the products formed after acid |1_'\'1||'|:|_\':-.i_- of
purines and nucleic acids, using the reagents. sodium
| B xél[Jh‘:|thl|l]i1:t||]L- -1-:—;[]]]:.}1r;1|.5[[|,' :J'-l::ll.l.‘\.'\:-'. reaZent) 1m
acetone®, ninhydrin in acetone!® and the contact printing
technique using photographic paper and filtered ultra
violet light® for the identification of the substances
separated on the chromatogram. While this work was in
progress, I'Rick? reported the formation of amino acids in
acid hydrolysates of adenine by paper chromatographv.
He also observed the formation of two ultraviolet spots
in addition to the strong ninhydrin-positive spot in the
position of glycine after acid hydrolysis of adenine. In
view of the above findings of Frick and our observations
on the marked differences observed in the hvdrolvsis
products of adenine, nucleic acids, adenosine, adenylic
acid, adenosine-3-phosphoric acid on the one hand and
those of the other purines and pyrimidines on the other
prompted us to report our observations.

Adenine (25 mg) was hydrolysed with (3 cm?® 6
Normal hydrochloric acid by autoclaving at 15 Ibs.
pressure for 6 h. After removing the acid, the solution
was spotted in 3 aliquots of 5 ul on the circumference of

! K. V. GIrT and N. A. N. Rao, Nature 769, 923 ( 952 1. Ind.
Inst. Sci. 84, 95 (1952).

= K. V. Girt and A. NaGABHT SHANAM, Naturwissenschaften 23,
o483 [(195%2).

“ R. MARKHAM and J. D. SmitH, Biochemical J. 45, 294 (1949).
1 ;. Fri K, Nature 188, 759 (1959

Fay




a circle drawn at the centre of the filter paper (Whatman
No. 1, 24 em diameter) and developed with n-butanol-

acetic-acid-water }L-!‘l:'rﬂ'lliljg to the |::-]':|l.'|‘1|l]]'{' described
by Girr and Raol, After dryving, the chromatogram was
cut into three sectors, each contamming the ]'l?-.'i':]'-:]ll‘n'h]l:i
products of adenine separated. One of the sectors was
sprayed with 0-2 9 ninhvdrin in acetone® and the other
with FoLix’s reagent3. The third sector was placed on a

photographic paper and exposed to filtered ultraviolet
licht and developed according to the procedure described
. ] |

bv MARKHAM and SmiTte?* (Fig, 1).

Fig. 1.—Different sectors of circular paper chromatogram of adenine
'!".-:||'|||:-,n;i'||,- treated as indicated below, &N H;IE'.'I}I.'IE with :'.‘.II|If-.'I:.‘.'iE=..
Ie ved with FoLix's reagent. 7 Contact print of the sector taken

1 ultraviolet.

It was observed that the adenine hvdrolysate gives
three clear bands on the chromatogram: (1) The band
with the lowest I?, value (0-38) gives purple colour with
ninhydrin and areen colour with FoLin's reagent and
occupies the position of glycine on the chromatogram;
(2) the second band with 2, value (0-69) higher than the
first band gives faint u-]‘;mi' colour with ninhvdrin (out-

L 5. V. Girrand M. A. N. Rao.
Inst. Sci. 34, 95 (1952
i¥

& .V, GIrT and N. A. N. Rao, Nature 7¢8. 924 (195%3):
Inst. Sc1. 34, 95 (195%2).

K. V. Girl and A. NacapnvusHaxam, Naturwissenschaften 23,
o248 (19532).

R. Margaasm and J. D). SsmitH, loe. cit.




lined with pencil in Fig. 1) and intense purple witl
FoLin's reagent. It is also characterised by ultraviolet
absorption as it appears on the contact print; and (3)
the third band which appears on the sector obtained by
contact printing technique is due to unhydrolysed ade
nine. Figure 2 is the reproduction of the chromatogram
of adenine and adenine hydrolysate obtained by contact
printing technique. It shows the formation of another
band characterised by the ultraviolet light absorption,
in addition to the one relating to adenine.

Fig. 2.—A contact print of a sector of a circula paper chromeatogram
of adenine and adenine hvdrolvsates taken in the ultraviolet usinge
a chlorine tilter. 4 Adenine, 4 (k) Adenine hvdrolysate,

Other compounds of adenine and nucleic acids were
similarly subjected to acid hydrolysis and chromato
gramed, Figure 3 is the reproduction of the chromato-
gram showing the bands of the substances separated on
the filter paper, present in the hydrolysates of adenine,
ribonucleic acid (R.N.A.), Desoxyribonucleic acid
(D.N.A.), Adenosine, Adenylic acid, and Adenosine-3-
Phosphoric acid. It was observed that all the substances
contamming adenine give, in addition to the band oc-
cupying the position of glycine band, another band
with higher R, value than glycine band, giving an intense
purple colour with Forin’s reagent and faint vellow
colour with ninhydrin reagent and characterised by
ultraviolet absorption. This band was not present on the
chromatograms of other purine and pyrimidine hydroly-
sates investigated, viz., Guanine, Xanthine, Cytosine,
Uracil, Thymine, Hypoxanthine, Uric acid, etc., which
gave a band only corresponding to glycine.

The substances formed in the acid hydrolysates of
nucleic acids, adenine and adenine compounds, giving:
intense purple colour with Forix’'s reagent, was identi
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L. M. DAVIDSOHM
Blazhemm Drspartment

Dre G« K. Tiyatt
Department of Biochemistry
YTale Undversity
New Haven, Conmn.
Dear Doctor Watt:
Dr. Davidson and I would not want to let pass the occasion of the publi-
cation of the second welume of the Muclele Acid hook without a note of thanks
to all contribntors who have made poasibla the completion of this work. At

the same time, we showld like to ask you to note whatever rlsprints and errors

of commission and omission you may encounter, both in your chapter and in the

rest of the book, and to send us such lists whenever it is eonvenient. Though

it is too early to say whether a supplement or a second printing with revisions
may be fortheoming eventually, it would certainly be most helpful to us to
recelve whatever remarks you may wish to make.

Tith best wishes,

gincerely yours,

o L~ 7

Erwin Chargaff
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CHAPFTER T

Separation of Nucleic Acid Components by
Chromatography on Filter Paper

Int raoduetion
General Technigue of
Detection of Parino a
1. Purine Pyrimidine Bases
2 Nueler fad Muckeatioes
RN
o

I. Introduction

The feasibility of separating nucleis ard components by chromatog
1948 by Vische

on filter paper was | demonstrated in 1947
paffl! and by Hotehkiss? 1 progress has hrent
-"|.|-.|||: !':I.'i'lh'-\.' pR f ||I|;|= (PR ERY I-'-'!|::|.|"_|- -: e Ty afininedd more S0
ress with this g of compounds than with any other. Thi:
to the intense rpiion of ultraviolet light by purine anc
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ation of
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VARIGELY O S0Urees of two pyrimidin
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II. General Technique of Paper Chromatography

The general procedures used in chromatography on filter paper are by
now well known and are covered by several reviews and books % Both
e I'I'i"_'ill.ll ||-|'1--'|'|||.:|"'l_; |.-.-|||__._||| i which the T l'|!g’|' of th T
IEZ|-- into a troagh contam olvent”), and the as i
in which the paper, rolled into a eyvlinder, stande in a di
have been widely 1, &

practical when t

The tube is then
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]
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BEPARATION BY PAPER CHREOMATOGHRAPHY

:'.llll"l:. SLrinee |:||I N”. :'\"'I.l‘: I smaalh
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W
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startel wits partition eoeflicients, (¢) the
| i run, since the composition
through . . oand (d)
riation 15 found even between hes of ong
v adicpuate] i Ky ve A can be ae
iy been observed, & charne-
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s on the particular zol

The sepsitivity to environmental conditions depe
VT .'_'n'!‘"!l'lll.
ITI. Delection of Puring and Pyrimidine Derivatives on Filter Paper

. Punine axp Premuipose Bases

In the earlier experiments, o variety of means were tried for determining

the positions of m s queicl dervats filter paper. Hotchkiss® cut the

o into narro of which was eluted for measurement of its
iolet extinetion in the -|:-'--I|'n;'-||--lnr|||-ln-:', Vischer and Chargaff!
i the paj h saliz of meroury, s the exerss had heen
i fixed by the purine idine bases was
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EPARATION BY FAFER CHROMATO
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v and eom
ing it fluopesee gquite strongly in light of w ngths 2537
and 263 mp, and are thus easzily ap el from other nucleic acid de
ives, Ackl eonditions are [ il may be oreated by exposing
thiron o fmes h r acid. Xanthine behaves simi-

The eftect may

vt o ram 1 the photographic paper & sheet
il-\.-tl I |'1:|I|||_"|'-:' nt |I_l:||| :""l," i £
Aunresee under both aeid and basic sonditi s and may be detected on

chr ams by their fluorescence with greater sensitivity than by their
absorption of ultraviolet light.

With the device deseribed by Puladine and Lelor, ? in oong i with the Beek
mnn EpeEolnograloe Ler, & G imgous record iy b obtained of the ultravialet ab
Rarption of 1-I:i|l chir DTEALGETRIMS

2. NUCcLEOSIDES AND NUCLEOT
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LEATION BY PAFER CHHOMATOGHAPHY
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BY PFAPER CITROMAT
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SEFARATION BY PAPER CIHROMATOCRAFINY
obtained if the acid so of flow of the

ig then more rapid than ['hee spacing of spota with such

aluded m 'l

'\-.rclil;l:'l ',||||-.-'.1-||.'|Il EVELCI
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BEFARATION OF NUCLEOTIDES

B } v strong ity of their phosphs
do not move at appreciable rates in relatively nonp
ainch s waler-sati i-butanol, Their movement may be accelerated by
inereasing the content of wi or other polar components in the system,
or by suppressing phosphoryl di intion by addition of acid. These econ
g prevent full g takon i

conastituent purine and pyrimidine bases,

of the ionie differences in the
] M i Tk -Ii-'I--.-
by paper « T aphy haz proven somewhat diffionlt. Effort has been
r-1;|||l||.]._l|| ol i||-' '!'ll'.l.lll'lll

aatisl ry & ] & which have been dev

None, |1 & entirely su story for se tioy eotides of
from PNA in a single run, althm vy e resolved by
limengional O or by ele egis on hlter paper,
Smiilh, Chapter 5.]
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inopmropanel nixi EELE
and 5 N HCD (¢ v wal.) regolves
Ry values; ¥

0,63 ; uridylic

ik, [eErEL
und 13 ¥
- Bioekis

EA Nuo I 8510




EA Mue I 8510




SEPARATION BY PAPER CHROMATOGEAFHY

| U ;BB OV RN

deaxvadenylie noid, 1003 s

han the cormespan
With wator as t the B values of al
V. Quantitative Estimation of the Nitrogenous Components of
Nucleic Acids
1. HyproLYsis oF DEOXTPENTOSE NUCLEIC ACIDS

I'he purine and pyrimidine components of deoxy g TG

AP .;.';-\.:_|.Ll|..|'i!.l.' eatimated as [nee hases, see these may b obtaine

B, Magasanik, E. Vischer, C. Green, . Doniger, and 1. Elson, 2

10, 054

1, Bl
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| JURAEL ivie yvield by appropriate s id hyvdrolysis Good I'." d
nielensides or nuclestides have not been obtained from DNA by any means
of hadroly=iz with acid or alkali. Nueleotides may be obiained enzymically®

bat IDNA contain G-hydroxymethyleytosine resists this treatment™ and

chemical methodsare preferabl r routine work. [CH. gaff, Chapter 10.]

rediysia wilh hydrochloric ac
T |:|.|||||'. i b s
rpH 2.5 at 100

et ruetiar ad vl have hear
tially hyd eleie neid ex
weid 1o further hydrolveiz wi
wea ol 10 for 3 howrs

5, Hyarolyzis with perchlorie actd

eentrated
pls was ininod
N or 12 N (704
1 hour at 100°, T.oas
b nobed during hydrolysis
|"'. VERIERE Tadnt mare than 13
tisin is proesent the a i sy b Increased® 5
extengively destroved during hyvdrolyzis of
chlorie acid, although the isolated pyrimi is apparently not attacked by
dyzing with HCI0, it is possible to estimate the total
T T lineg hases from o mixture containing both DNA and
WAL and to esti v e bhaises w T E: 10 & nelete acid from some
| materials. ™ on-nuelei {
which interters very hith

sbes may diluted with wi

rht mbo suspensi
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2. HyproLyaia oF PENTOSE MNUCLEIC ACIDS

Fhe ribosides of both purines and pyrimidines are split

ulty than their decxys 1, and the registance of the pyrimidine ribo

Iea i such th VETY i uantitative yiclds of the
from PNA. However, the y h which mononucleotides are ob
[rom PNA makes 1t p l

b, Hydrolysiz lo purine boses and py
riree hases nre lil i from PN A by

HC® At ) for 1 hoar. The laite
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, PNA, unlike DNA, is
PO i. [Cf. Chapter 11, and also Brown and Chapter 12.]
This m: with & NaOH or N HCI at FOCHT EETnperatne: |||--
i b J eleti i diszolyvies on ¥ slowly anl
is dn of splittin ¢ gElyeosiclie linkages ™ Chargaff of al®
L I phl 13 to 14 at 307 « | grade PN A to mucleotides _:-|'i|-:' tO
ehriim hi g | r and Montrenil™ gsed 056 N NalH
for 18 hours, or eoncentrated ammonia solution (5 0,52
i for & days, with good results, although ammonia under other o
ditions is linble to'produce nueleosides, At 37%, ¥ alkali eauses partial de-
amination of eytidylic acid, but 0.3 N alka not.® This was confir
by Davidson and Smellie® who used 0.3 ¥ KOH at 37 for 18 hours to
convert. PNA to nucleotides, the potassium being removed as the perahlor-
ate prior to separation of nue ides by electrophoresis o

Lrrosbie ef al.** analyzed a number of snmples of PNA by this o

ne |‘-:..' ||1.'|i!||':\-_-\.i- 1 N HCOI and in conecen

FRHEALE
for uracil, for eytosine, and f | pecovery in terms of phos
either of ather pr ures. J line yeis followed A

[ it : L = N K 2 st I'|'ii.|||,|' metiod

i, II"II";'I =

., QuantiraTive TECHRIGU!
(B --I' ||_'.' HYsiles or --I||-'; -ull:llli s ukn b meds ;:l'-i M L
for quantitaiive chromatography with a varety of micropipets
mY comvenient are sell-flling o 'rli|ll"'\- F
: not difficult to make: these available commerci ¥ alten

Aively thick tips and a bore so fine that they are liable to el
drainage error, The volume which o o o the g
plieation deper the seale of worki

G PUTING O pavrimidime ase, o e

*J.O N T dlson wnl
. W Croglae, B, M

|l\.||-\._ b #IF TS |
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CHOMATOGHAFIHY

10 gl., and using less does not 1

e efficiently eluted in o ammall vl

o] band of paper including the spot, a 1
point. T i

ar directly on another sheat of hilter papeer

1 9 . e {E TN
s b n@ecd Lo ol Tl

techn
Cylosing {romm mueleie aeids Lor eatimation.*®
witative estin v, smots ape et out and eluted by s
voliirme o ifd appropriate for the cells in w tl
read (4—5 ml. | he 1-cm. cells of the Beckman or simil
eber). 0.1 & HOL iz an oluent® in which the 1
and in which some of them have higher extin
Standing i

ature, with shaking before
[ ]

o allow for u } hascrr] substancees in the paper, blanks

eoual in area to the spots and at oo

W

1 the extinetiona of all elus

absorption | [ the substones being estimated and at

N ' . §=
whavelengt where its al Ll i LRINE e | I nE Ol the

adopted by Crost A
i ident that it will e

wlyEng

1y ||':|I|-'I'

{0 WA

nal. Speetral data for use in eetimating

mueleic ac W worption at the maxima and by
fer 'k i bles I1T and IV Iy, [CH.
Holrday oih 14.] Hotehkiss® « tables of the
tion of muc i T ives at Semp wavel

be used to compute the composition of i

nare ‘-I'i.'-'l'l!"

n ulira-micro sdag
1 pnly ome andredth of this
Bioehem. J. 41, 240
A, H. Gordon, and A

anel J, B, Bovie
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HROMATOGRA PHY

1] 5
0_150

VI. Chromatography of Nucleic Acid Sugars
LIk ! il ||- mt refereiwee to f |||' i';.l'lll i||l':.| 101

paper chromatog v, However, sinee
rbohvdrates,

_l||l-\.|| L=t ] |-| 5T

= siaed in the --II'_':iIh|| ill-
1 sub
by impuritics. m
il ketoses ders ives which Huoresoe o
{ “har | :.:|'--|'|:l|'_l.' [

Yoo ".:-:-.Ir- MO !-||I||:|!.|I.
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Tor abdos .18 imelid ribose &l denxyribose, but not for ketoses; iIncreased
range of sensitivity is mop 1 for aniline |:_-\.'li:-l-.; 1 !\ll----|:||:|l-- The re

Section 111.2) for riboswdes and deox

ate-pyridine
nta; |

|'I||iI |'\-|. '_!.l_l- OXYT

hydrolysizs in N : | ¥ for 1 hour,® and

applied to paper lor clhiroma raphy without

DMA, because of the lal v of the sugar and
nueleotide linkages, I'Il.-.:'.'rlli-' I _‘.:|I'-l!'L"-i-'- is required : Chargafl e al
||4-. -;m}""'u-' LNEH [ [T I.-::l-l||-'" with a ||':_|-_-||"_;_1;|:--- lil'li'—'l'l| I TnITI .'u-*-,'-- P
vie nuelecsides, after whicl puringe nucleosides were split by heating
at pH 1.5 to 1" tor 12 manutes,
The sugar componenis of all sic acids yet examined by these
Iv adentical with ribose, and

Z-depxvribose. [Cf, Chapters 2,

VII. Addendum

1, or have co
1ol thils 0
A salvent O s of T vol. B3
tate buffer of pH 3.8, used in the stnady ol
gives fair resolution of the nuclectides of PNA b/ ELY
for resolution of deoxyribosides have been deseribed by
L

nonatrmted resolution of adencsine-5"-phosphate, d

Hanes anil |.'\||-""-'.:l|l|| 5 solvent contaiming G0 e,

E N H Oy in |

J':-’I. .'\'||.g- I R510




RATION BY PAPER CHEIOMA 5

el am 1 10 er, water. He has

o of ulira L al ing spots & sheet of paper

unpreEnal |'li with PR s 8 fu

cirenlar method of
..||:' I || ',‘;';|-|'.|'-C-:'-| e -||'|1 1000 KR ©OF
|:.|-|i'.:||i'.'|"='
A comprehensive tabulation of ultraviclot abeorption d
pxtinetion eoefficients and the ratios of exting

wsured at three pH values, has been prepared by

thire 181, 430

It. Krishnas v, 3, I, Kalyankar, and P. L. M. Rao, Experien

(i) Cahn, im ""Aeothods of Biochemical Annlyss,™ (L2 Ciligh
1. Interscionee Pulali ra, Mew ¥OrK -1, 11
P, Colowick and N, (0 K

on Mo, 116, Forest Biology Division, Seleneo Servies, Depa
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solution, and 10 ce, water, He has
Baorbing g
N LOETAT

|, has been applied to nu
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PUBLISHERS
125 EAST 23w STREET, NEW YORK 10, N, Y.

WALTER J. JOHHNSON: FRESIDENT ORESSN T-2713

EURT JACDEY! VIGE-FREBIDEMNT 1}--!1' ?J lj' 3

Irs K+ G» 4‘3-"*—-

Department of Agriculiture
Laboratary of Ipsect Pathology
Sault-Ste. Marie, Ontarioc, Canada

I Wyatt:

We are very happy to learn from tr“.

e

¥
you have agreed to prepare a combril

THE NUCLEIC ACIDS: Chemlistry and Blology.

LS N

+ very pleased with your declislon
Tor your 14ng esoceration
L e w LT,

I8 are I3 thev informa May we suggest the fcllowing terms:

<]

ten per cent ::-f'

1, The publishers wil
the retall price of the
the Undted Btn,eh, .'.“—LHLI"S nited States
sales., The royaliy wlll be »d smong the guthors in proportion
the number of pages contribute b:.r each author. Psyments will b de on
about March lst for sales made through December of the 2
the number of copies sold per year falls below one hundred, | P "-'I: ars

will no longer be under cbligation to continue payment of roys

LEE itelde of

&
Tk
il

"
E_..__,..EJI_. aRal b

2. One copy of the book will be presented to the author fr charge,
ag well ag several tear sheets of his article.

5. The author wi r or permit to have charged against royalties the
amount of expense T the publishers because of the author's changes
and/or additions in e : ten per cent of the orlginal cost of composlticn.

4. The author sgrees to deliver two coples of his complete manuseript of
about ........... printed pages before June 30, - W . The author will
gend & detalled table of contents of his article to the '”it,_r.*-.. by Feboruary 15.

iee o

Datails of the p,rcpwati:r' of the manuserdpt are given in the "Notiee to

Contributors® which is enclosed
Flease sign and return one copy of this letter.
Sinceraly yours,
DENTC PRESS INC.
// ek )
/ i /./rj""{"';ﬂﬂ

Walter J. Johnson




