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General Tantroduction

Whil@twarking in Mbingen in 1868, as o pupdl
of HoppewBoyler, Friodrich Mieschor became interested
in the prodblom of Jsolating the chomical components of
@ﬁii ﬁu&lﬁiu - He enmée‘ﬁuﬁ aolls s ig source ol
meverind, and from them, by digestion with pepsine
hydrochlorie aeld, followed by shaking with ethor, was
able 4o isolate tho moled 99 o wedlly separable Inyer.
from these melel he isolatod n hitherto unknowm aclidie
aompornd of high phosphorus eontent, which he eaklied
faveldaednty and whideh i now nown 0 bo nueleoproteine
Ay ropoalting ﬁiaach&r‘a worle, HoppeeSeyler published
an aecount of the findinge in hig own jouvrnal din 1871
(Miepchory, e lVede Chems Unters. 1871, 4, 46%). Ad
Banel, Hiescher conbtinued hin work uning ealmon sporm,
and suececeded in iﬂmlgting o high mmla@ul&y welght
nuelain, and a basie §r®tein'whiah ho ealled “yr&tﬁmim@“a
Thio mollein gave annlytieal figuras wnieh“aarreapond %é
what in now known oo nueleia aolds

Miescher's work was takon wp by othere, notebly,
CAltmenny who developed methods for the dpolatlon of
protoin-fres nne;ein from yenot ond enimed fioouen, and
goined the neme "nueleie eeid" (Altwmenn, Re Avche. Anot.

Phyoioles Dpze 10888, H84)s Picéard, who disgovered btho



W ;2 -

puping E&ﬁ@&-in mcleia noids (Fi@a&wﬂ, Je PoVedode
thm..Q@@q 1874, s L714) 3 snd 1 ﬁ&ig whn iselateﬁ
xanthine (Hossel, A; dedte. Fe physiols bh@m. 188%, 8,
404% wed adonine (Reﬁﬁel, Ae Zalto. Py @hysial. Cheme
1888, 12, 241)e  Thymine aund oytonine wowve iselated and
i&@a siiied by verdous groups in the yonrs qround the tur
of tho cenburye  Also about this time Houwmanm desoribed
g variation of the Altmann procedure For the lsolatioan of
meloie aeids (Veumann, L. Arch. Anabte PRY2L0Le, me.71899§_f
Supplerents 952) which involved hmnﬁi%r the minced tlosue

in o 9% solution of sodium hyar@xidag ﬁhlq nethod, waiﬁh'
sat the patiorn for the next thirby rmar 'y proved to be o
mired blessing, for although iﬁ led to an acmaieratiog,mm
tho sbudy of ﬁhe hydrelysio prmﬁu&t& of the nueleic aeilds
by theo ﬁlﬂtﬁﬁcﬁﬁ mothods of arpmnia ahomiatoy, ih wes
wawp@nmﬁble for the geceptance of & highly ervoncous v&im&
for the molecuvlor wolght of the miclelo sclde.  Thwe while
both Hlescher and Koogel appreeinted thee complexity and
Jebility of the melele aclds, lotor waxk&f& A1 nove

Whie niooppy ahon&ion together with the discovery of four
x~*t*ut§dﬂﬁ in opprozimately oguinolar proportions in 4
Foomh nmalei@ aeid hydeolysato, gove birth So the oonceps
that the meleic aclde were tetravuclicotides, or etabisiicnl.
Lot ﬂmaleﬁt Ldoa,

in apite of this, however, the hydrolytic siudies,
L $ 3



al%h@ugh porfoxmd on partially degraded mueleic acido, |
yialded mueh wsedul lﬁiﬂlpnﬁﬁﬁnﬁ o mieh go thav by 19%0,
defindte ovidonce bad cnorged for the ewiatence of Wro
tpen of melele seide One type fram'y@as% which on
hydwolyeln gave adenine, guaning, cybosine, uvmeil,
phﬁ@ﬁ@@ﬂin a0ld and »ibose: and another which vielded
adenine, eybosine, guanine, thyning, photphorie acid and
dooxyribons . Jo puvgarn other thon Demibose and 2wl HHY e B
Depibose have heon isolated from ﬂﬂ@i@ie aerldsse These
o Loramn of muelels aedd eame to be called yibvonuclele
aodd (REAY axd doomyribonucleie acid (DIA) rospeotively,
and for soms time 1t was belioved by wany that BWA .
ossurred only in plants and DNA only in animals.  Soon,

} h@ﬁﬁ?@wg the ever iu@rem@inﬁjvﬁlﬁmm of gvidonee Loe the
prosonnee of 1NA in &nimél Yiosues (Brechot, J. Aveh. ﬁié&,
1959, 44, 5193 Coaporopon, Te ond Sohulis, Je Noturae, |
19549,

1ﬁ%* ﬁ&“n‘ohaviﬂa@n, Jeille nud Woymouth, C. Hature,

pree e

3

1043, 162, 47) rendeved this baliof vntermbles A
rndmed REAY had only boon f@uwﬁ in ewbyyonle bioopues, 0%
thio time 1% we naﬁtnﬁﬂt@a thot RTA wan chavactoriatic of

Ay

ropldly @ﬁ@l&fﬂ?&%il simoues, bub thio theory in its tuvn

Rud beebe abondoned, whon in the early Lfordios RVA waop
ixm@au@d FarOin, vnviﬁum a@uﬁt gleouen (Dovidaon, J.m. exd
Woynmouth, O Biochome de 194440y 3By 97595 by 38, 5T,

C T 928 Grdffith (Griffi%h§ Pede Hygey CUpombe 1928,



L3 ..is, £

294 113) deseribed o Pvransioymin & prineiple® isolated Crom
encopsulaiod  pneunoccoesl which,. vhon added to & culiure of
aﬁ'uumﬁéaﬁguxaaea.pnaﬁmﬁﬂnﬁsvﬂ;& wod the sneapsulated type
B he predused . In 1955 ﬁvw»w ath ade (Avery, OesTe,
Mooleody Celfc and HeCarty, Me Je omp. Mede 1944, 79, 157)
ohowed $had this fEvons *@vmima T, 1@19%&“ woo & highly
podyneriood ﬁeﬁﬁgﬁﬂnﬁﬁﬁﬂ,ﬁufwg?ﬁ aolde Tho significonce
of this dlscovery wog nodt immodioboly recognined, no idess
ﬂﬂﬂ@ﬁﬁnﬁmﬁ the otruceture of the meledco nm?ﬂg‘wavﬁ7ﬁﬁ%§?
pra judieed in.iﬂvauv of the erroncome tetrarmocleotide ﬁnmufya
It ddd, hovever, onccurage & return o mllder methods off
mieieie aeid exhy caetion, which in tvrn nade & more
neewrnto ootimebe of the molesniny woight possible.

With the development of pepoer and ion-oxchange
~c%wi sHoseanhy nore precise onelysis of the chomienl
gonobiduents of meleie aclds begome poacible, sud the
hﬁlt‘ﬁﬁbiﬂﬁ*idﬂ thoory wos ohovn 50 2y fallooliouse

With eoptimied inveotipgotion nsing these neow

antlyviecd dechniques it wag soon rscoguised thot RL
peeurh Iin the oell sop, the microsomen snd the nvelsus
aud g invoived m wrobein synbhosis ,,3; whereas DEA occurs
sinost entively in the mclova, sand Lovme the gonetio
masordiod of the cell (The Wuelals Acldsy Vols. I-ITT,
Tile Ohswpall, Bey Davidoon, delfey Acodemic Rroos, News

Euﬁkg 1058=60) e ITL DHA de Bo oowvey penetic informntion



w 5 o

it wose bave aode invmwnmr@+u6 in At @hnm;nai m%wuatzvng
ﬁé %ﬁﬂ 16 ﬁ 1ineﬂr co-polyner of the Cour ﬂ@ﬂmV?1b0ﬂ%07ﬂf
%i&nmg WN?Q ﬁAﬁP, acHr amﬁ AP in Biwb ph@ﬂphﬂwﬁlﬂﬁh@”
Linkoges, 14 i iikﬁly that the oode somprlcen the
moauvnﬁsﬂi v"yi vhiong ef %hesu enwp@uﬁﬂa.alaﬂg %ﬁéﬂwﬂlvmﬁw
chodne ©h is mimple @ﬂncegi of DA &b o alaple-nirnadod
polymuoiaotide deos not fully ex ninin the role of DA in
gonetio {ransfey, baopuse sy £ b na%myti m&&@l s |
provide Yor, () the eﬂﬂimg‘mﬁ'g;xea;@ infornntivin, (9)
vedunlieoation at @m@m cell division, and (o) Transletion
of infomation inbo protein gtrﬁutﬁwam«

Ta 1953 Watson and Orick deseribed » model which
gons g long way towards fﬂ]‘&333ﬂf thone roquiranents
AWatoong JeDe and Crick, MeHeOs Notupo, lﬂ‘ﬁ, 17l,‘?”7)a
This straetare, whieh 16 now widely @ancpt“& ap the hosig
mgmmmturﬁ GE DA, aam&isﬁﬁ O o ¢ nmu%mmanbery paivw
nuaileotide chaing, which are oolled around each other o
forp & doubhlo hellx, and ape bound o cach other by
spoailie hydrogon hﬁﬁﬁa; such. that ndenlne-thymine and
~guﬁninémﬁyﬁﬁwine ara the only pmmmiﬂﬁmble'pairinga. Thue
at eell division the strands uwiwing &mﬂ ea@h strand aote
ﬁm-m;tgmplwﬁﬁ fﬁr the Lorma ulmmAmﬂ ) m@w helin (Sae Flgs 1)e

| | -1% !ﬁ heixava@ thmt the imiu%m tlon aontained in
NNA im *“vnmf.wved to the muﬁlawtidu ”ﬁmﬂn@ﬁ of Riliy and

that tuils aaémn&mry coile contyols tho aynthesin of protoine
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Jpdel by M3 chow that it L posinible, woldng only fouw
) Fiuﬁ .dﬁﬁg b0 ea&ﬁ bhe twendy ¢ wlne eelds Jound in
0% nvi }“ﬂn\iﬁh, 37 theee suedesedive heves on bhe ehoin
a0 fammt“?d 6O mamﬁ‘@&@hamiaé}ﬂﬁiﬁy Thio glves twonby. e
nud onRdy t¥anﬁv - QiLYorent and vnegulvocsld ootings (Crick,
fi?a,‘.i:.is'.g{ﬁﬁ; The Blologieal ii@plﬁ.i?"" ion of Hagromoloculen,
Symps Bodse ) ““mtza Eﬁ@iag 12, 198)
Tiha 3 m%waﬂ and Ordok maded Lor DHA 48 supported
by evidence from soveral fields of study.  Hydrolytie
wini 33 Q@% %hﬁhm thet tho ﬁﬂ“ﬁ@& 0L hvm!mo to H@Oﬂ}nus
and guanle ng @g ﬂywaa#ﬂeg are uwnliy a&.wmquixgﬁ by the
theonyv, Invaestigations unlng A-xoy oyro ’am.mgg:ea;ggﬁy
(o .ung s 0 The Ghem‘wﬁwy @? e Huclole Acida,
Buttor G'ﬁa@ Lanﬁang 395@9 ?;51 anf uibracentrifogation
(mmmwiﬁfﬁq e Bnd Htabls PeWe Yroce Note foade Hcley
Uefle 1GB0, 44, ﬁf) Y0 supperd the doubie. helix stroobuvo.
Further support 1o givam-hy the work of Bengey (Ten Fo{i% o
Se Procs Hate Acnde S0ley Uelle 1955, 41, 344@1 Ehe Chemioad
Bagin of Heridlty, Bde HeBlyoys Vede and Gloss, DBey The
dJonn Hopking Proos, Baltinore, 1957, ?Q) who determined
he number of genetie unlis in & bac Heviophage by the

L

sinicolesd nothods of gonetien and compavod thie with the
mmber of wodootide padrs avoddoblio din the DEA of the
OrEnaione e colonisblion wag vary opproximnto bubt Lb

inddoencad thot bhewo were only o fow acleobido pelro pow
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Duvdng the lost fow g;mm Cehe duven is,e,mb one hawe
boon taken ¢ whop Tuvthor by the “bnﬁy of the ong BYntole!
invgdwed dn the blosynthosin wf DA, - The dwmpotus Cfop
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adenine coouy (Sehmits, Hey Hulbort, Reb. ond Potbtow, Ve
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sovplo wes wehon Deom e aah nood concenbonbo, fow

e

ghronnsogreonhy in the me C{.a.,,s. ied Mrobs mad Hong doo-
buvtyerate solvent, togethor w i. o QAP APy ADY and AQP
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and the chromatogram devoloped &ﬁ”hafm@é in the Xrobs

and Heme solvent. ”The rasulﬁing'ahrématugram wer
seonnod in U.V. light and the absorbing evrots narkod.
Thope spote which showed the moxlmum omownt of naterial
Tt no signe of overloading or t&iiﬁngg woere cut oulb with
potehing blonks and elvted vwrith wator, by cepillary flov.
The bave, deeoxyribope and phosphorus contents of the
elvatey were detormineds (Typleal onelyses are shown in
Table Be)e

2elio Bobination of Base. (Smellile, RetisS., Thonson, ReVe

and Davidoon, J.0e Blochem. Blophyae Aeta 1958, 29, 59) .

A somple of the solution 4o bo analysed was Lreese-
dried into o Pyrax contrifuge tube and treated with 0.1
ml of 12 N Holo, at 1009 for 1 hr.  The digest was then
nountrolised o aboud pH 8 with 7 ¥ BOH, acidified to
about o 3 with 6 N HClL, and cenirifugeds A portion of
the hydrolysate was put on Vhotnen Ho. 1 paper for fwow
dimoncional ochromatographye. Yhe svots were apviied 12 on.
from the edge o the long axis and 4 ome from the edge on
the short axige Tho solvenis employed were isopropancl/
HOL (dogeondings  isovpropanol, 170 mle; oone. HCL, 41 mies
wator 0 250 mley Wyatt, Ge.Re DBlochem. de 1051, 48, 684)
and hmt&mal/ﬁﬂﬁ (oseandings nebutonol saturated with
water at aboud 239, 100 Mmles 1§H orenenivm hyﬁr@ﬁi&@,

1 mieg Moolutt, V.8e 1952)e  Tho chromatograns were yun



- 50 -
in both dircetions so that the solvent P&ﬂ@hed abrut 10
Gite deom the end of the paver. Afuer the rune the apots-
wove oub out aftew iﬁoa%ien by Anepection in ULV lipht;
Fiaocen oOFf Noe 1 papes wore 8tapled bo <lbuor end of emah
anot and tho composite otrip thua obdalined wap run fowp
5 to & hre (daaeending)‘ﬁﬂ‘ﬁﬁsﬁ131$ﬁ wator t0 renove Con
tamivating nateriale Hef@vﬁ Lbﬁ Hun oxnw apots wore run
in this woyy thoy wevs ‘moistensd wilth LGN HOL, dried
thoroughly in a ocurrent af WaYm &1r, xpmwed o nﬁ3 vanour
for 2 wine and the exeeun Rﬂj aoved by ateriﬁg ina
degpicator Yor 1 to & hye over sulpburic geid.  The bases
Were onee again'imcaﬁmd in UeVe ldght and cadt out along
with eovrosponding arcas from Hlonll pPopers. Elution
wes carriod out by ompillar3 flow, using C.1¥ HCL fow
adenine and Pytn&mnm, and 1.6 HCL for guenine, 0.? to
Oe% mle 0f 0luste being collontod. Dol Oy 062 mle won
then diluted to 4 wle with the appropiinie concentration
&ﬂ’d for agtimnbion in the Beolkunn Model DU mpeatioe
photone bara .
Adgnine wan pead In 004N HOL at 269 wmp snd the molar
extinetion ooefise wasd - o= 15,000
Guanine was rond in L.6M HOL ot 249 zJ and e nolar
extinotion cooflts used | = 10,900
Uytosine wan pead 1n 0,18 HOYL ot 299 mp and the molaw

oxtinetion coelflt, used = 31,000



2410 Eotimobion of Deoxyribose (Brody, S. Aete Cheme
Seomd. 1053, 7, 508).

Pop this adaptation of tho wnethed of Brody,
calibration curves were sonstraoted using pure souplos
of the deoxyelbonueleoside monophosphaten, the mosth
a&%iﬁfa@tmry"raﬁults in this cetination helng obtalined
wedng 37865 (w/v) sulphurde aclds %0 0.2 wl. of the
ﬂe@xﬁrﬁbunuaimatida solution (maintained at o Low témp@rm
ature in o test-tube surrownded by & solid ﬁﬁg/alaahml
‘mixﬁura), 5 ale 0Ff 0old 87.86% sulpburie neid were added
slowly, with vigorous sheking in the froesing mixiture,
0 give o final concentration of 85.75% (w/Av). The
partinily Irogen contents of thoe weaction tubes were al~ -
iowed 0 thow slowly with contimued sheking and were thon
incubated 0% 2% dege for canetly 2% mine, auickly cooled
o O dege ond the optical donsitics road at 474 mpe

Whon the amount of deoxyribose wao not thus detore
mined, the evidence shat the nusleotide wans of the deoxye
ibose type was based on the positive r&amlﬁ of the
eysieineuiphurie acid dip technigue (see section 2.70),
porformed on & porbtion of the nsaleotide ran On 2 paper
ONYORATOS N

2ed3c Botimotion of Phosvhorus (Ailen, R.dels Biocheme J

1940, 34, 858) .

For the purposge of this work the gquoniitice uaned wope



éﬂﬁvfﬁfﬁh-ﬁﬁ those used by Allen. A calibwation eurve
wag congdrugted usiang ﬁtﬂnﬁavﬁ solutions of iﬁﬂrgqnie
oxbirophoophoto. | | o
. do the nueleotide siu%ﬁﬁa 0. b estimnted, 100
sulphurde seid (0.24 m&;?_wag_&ﬂagé,-ﬁma whe reswlting
solution heated in o send-bath ot chout 130 dege unbil
%ha v&imgﬁ hﬁﬁ.ﬂﬁﬂﬁﬁﬂﬂ to avound 0.1 mle - The soluiion
meMmMMﬁmﬁEémwﬁem@ﬁmrmzmviﬂmsmﬁevam%
gadad, fﬁt&@ solubion wes ”Bmm-,‘cmﬁ;},taﬁﬁ“:?é}ﬁ & Purthor 30
e afbuy wuubh 1t wau agein socled ond wokey (5 mle)
&ﬁ&ﬁﬁay ﬁmﬂmﬁium.mﬁlybawt@ €G.a m"y of an, 8e3% molution)
md then 3@4 dianine-phonol h@ar&ﬂhi@ﬁi@g (aMiﬂ@1¢ .# 1.,
of & 1% (w/A) gmlu%iaﬂ ﬁﬁ goa ﬁrfw) goidian m&ﬁahi&ulw
philte ﬁalaﬁaan),war@_na&aéy g@d %ﬁﬁ;&lﬁﬁﬁﬁé allewuu to
@%Qﬁﬂ:fﬁy-iﬁ'mig. a%*@aﬂm t&m@mrmﬁuwpg.&mf&r&'%ha-mpﬁi&a
ﬂ@ﬁﬁiﬁynw&a‘waﬁa'at 640 tpe . The readings were completed
botween 20 and 30 mine nfter the addition of the {inal
r@ggﬁﬁﬁg
lﬁ seh @f the later @mpﬁ?im 31k th@'fiﬁai npture
of %hﬁ vonalon pmaﬁuwta wae aonfirmed by velating the
phospharu gontent of %hﬂ-ﬁ@ﬁxyriﬁaﬁuﬁlaatiaaa to the
aeaﬁgvA&@s @@ﬂ%ﬁﬂﬁ, B8 ﬂaﬁarmin@é hyfﬁgv, a%a@ﬁ§$ian
mehouronentoe  The m@i&y exbinotion oot ffigienta Haﬁﬁ

a
P

in vhesd enloulations were, ad pH TeO,
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dooxyeybtlding, 8900 (Beavon,. &aﬁsg Hollday, Belley &
Johnsons Bebe Ihe Busleic Acids, Vol. T. Bd. Chevgalf,
Be & Navidson, J«¥., Aevadenle Press, New York, 1959
Moeiutt, WeBs Blochems J. 1952, H0, 584).

fGeoxygunnosine, 1%,600 (Meolulblt, V.8, 1952).

deoxyadenosine, lﬁaﬁQQ (Euli&uﬁg delle & -Bbory, Lole dJo Chens

10%8, 250). {(Pypical anslyseés. ore shown in Table 4).

l;..‘)

o2 Ohorare of Dooxyrdbomioleoside Triphosphaies.

Afver the Linal snalysise, the dooxyribonueleeside
triphosphates were freege~dried into phinla, in 10 to 20
L]

guantities gnd atored ab “1099 o later at -78% I

Rt

W
p.«"!

ﬁ%ﬁr@ﬁ any at =759 the vedphosphates showed Little, oy no,.

glon of breakdown after moay monbtha

3s Heoulty and Dlaoupsion.

Era

gel Proliminavy pwall scale. exporimenlo.

favly experiments were carpled out in oconjuncbtion
with Drs Belw of thip deparimont, 0 delermine the abillid
af Ehrlich assoltas bumour extyocis t0 phosphorylate the
deozyribomueicopide nonophosphatos.

The monophosphaten of thHMiﬁiﬁﬁy deoxyeytiding,
deonyedonosine and decxyguanosine wore ach inoubated with
AT and N§C¥?g in the presence and absence of the dialysed

3

high-gpeed oseitos exbract, in phosphato or trie bulflew

i3 s

for 2 houva ot )1 ® The deproteinised (cee seodion 2.5)
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3

ineubation mgr$v€@9 with ATRy ADP, AMP ﬁnﬁ daoxyribomieloge
side moncphospheto maxkers was ohropatographed on poaper

in the anmoniws isobuityrate @@1@ﬁnﬁ {soe seetlon 2.,6) and
thoe vosulbing ﬂhf@msﬁaﬁﬁan @ ﬁniﬂﬁﬁ'tﬂ? the presance of

‘r

g'ﬁ

r"’v-
A

highsar Pﬂﬂ%ﬂh“h@ﬁ of the ﬁemxv?lﬁazme aosidoes. The

A%

p@sa&&@ﬂg of &h@ UoVo abaorbhing spode were noted ond seote

2y

long of the chreonatograns w,ﬂn.&i@pﬁi B0 vent for the ‘
presonae of ribosea, @@ﬁh??i%ﬁﬁb and phosphate (ses sections
2. Tuy o oand &l)o ?hw results of o tyvical series ol
@X?@ﬁi@@miﬂlﬁﬁﬂ shown 1.4 Fige 24

The boands, covesponding o those spove glving
ponditive Vs Ve deoxyribose and phosphabe veacblong, wape
out oud end elvved with wnber by v@uiiiaﬂv FXOWa They
wera then weapplied €0 pavey ond yun for about %6 hours
in the amaonivn fsobutyrate solvent, 4o effect a satislact-
oey seprration from the adenosing aoppownds which in mosh
casas @@ﬁ%gﬁiﬁ@ﬁ@@ the bBands aluted, The chromotogron
wan driod and the pogiltion snd nebure of the spols apesrie
gined ag bBolford. Phe d@ﬁxy?ih@ﬁuciea@iﬁ&'%p@%ﬁ ware ocuh
outy btogether with eoprpesponding avreap of blank paper and
ainbted a2 bofovre, VWhen there wen sulflelent materind,
the hoase, deowyribose and phosphate contonbs were determined
(poe secvlons 2.21a, b and )« Allowence weo mede Loy

contaninntiog material derived from the solvent or paper’



=
=R ‘}:} e

duelng éhr@mat@grfphv by carrying out the same soples

of estimetlons on thoe blank paver olvatof The veoulte

of typioal avalyses ave shown in Teble %
Vhen less material was avallable, owalyses were

,!

restrioted $o relaving the phosphorng, to the deoxye
ribone content of the compound (see Tebls 4).
It wins nviﬁ@ﬁd from these @xp@wémwnl th€t§ in
The pragsence of the dialysed extract, JdANP, QGND,
Aoy and THP ﬁcnlu all be converted to the corwesponding
Sydphosphaton, Ww*n@mwmﬁw gonvarsions were dANP,
GO~B0%s AP, 50w€Q%g &ﬁ%Pg about 159 and TP, about 1%
Several different concentrations of ATP and ﬁgﬂlg
vers teied hut the vxe?ﬂw WETS . n&“ improved.  Bven in
vhe vressnee of o vast excess of ATP the amount of trie
phesphaic 414 not inorenso. The n@m&&m%v&%hm&g uad

a

inidially wers those whieh hed dbeen fﬁmﬂﬁ by Smellie,
Kelr and Davideon (Smellie et sly 1950) to give the
bart dneoyporation of PDR into DNA

From thess resulie 1% in elear that this systen
provides g worthwhile prepovative roule o AGTP and
Aalt? only, and large sonle prapavations of thom were

mderiaken.

Ho2 Tomwen soale gmxnerlmants,

Incubatlon mivbtores wevo made up ag Lollowg,
Deoxyribonueleoside monovhoaphate %00pM in 8 ml. ot pil 7.

ATE B50CuM in 6 nl, at pH 7.



E
&3

Helly | A%00uM in 6 ml. at pH 7.
tris/H01 buffer, pH 8.0 15w dn 150 ml.
Tumour extract (pee 2.2) 100 mis containing about B0 ~

350 mre prodein. |
or dialysed extract (see 2.2a) 120 ml. containing about %00 -
350 mge Drotein |
or reconstituted extract (See 2.3)  BOO mEe in 25 nl., 0,054
KO eolubion. |

Total volume 270 nla
end lnoubated at 379 for 2 hours, with shalbing.

The mixture was deprotoinised ag hefore ond o
sample taken for chromatography, in the amoniwm is0-
butyrate solvent. Thoe resulbing chromobtogram wag oXe—
snined (see sections R.Ta, b and a),for the presence
of the deoxyriboatcleoside triphosvhate. ir more than 504
of the manephagph&t@‘mpﬁaar@é to h&vaAﬁéam-@Gnv@r@@& O
the triphosphate, the deproteinised incubation mixture
wag chromatogravhed on a Dovexw-l-chloride column (359 %
2 ome) a8 desmeribed in seobion 2.8n, b and c.

By this propedurs abéut 45% of  the 4GNP incubnted
gonid he idsolated ag 4AGYP. In the capo of 4ATP, in
apite of the higher gawaentggé convorsion to the brdm
phosphate, the loss incwrred during the destruvetion of
the contaminating ATP and the oubsgeguent rechronstography
(soe section 2.9), combined to reduce the yield of AATP

Ho avound %59 of the AANP incubatod. Thao mein courae



of logs during the purifim&ﬁi@ﬂﬂﬁr@aaﬁuweg in both cases,
wos the romoval of lithiuvm chlovide by precipitation of
thé twiyhgsphat@ with methanol and acetone. Improvenents
in this method were 1&tér inﬁréﬁugaég vhen this method
wos used in the nh@mioal preaparetions of the btriphesyphaten,
ond are discuveped in Part IT. Fhe recovery of deoxye
ribomeleoside derdivatives from Dowex~l 1 sboub Q0%
under the sonditione desoribed, snd vivbually 1004 from
Dowren-50 an uned hore,

TPhe nothod described pwgviéﬁs n 8imple preparative
route o 46TP,; and a ueeful, if slightly more tedious,
route to dATP.  As o general method of deoxyribonueleg
side triphosphate synthesis 1% is greoatly infevior to
the methaﬁ doseribed by Hornberg, (Xornbers, et al. 1958),
by meons @ which vields of between 50-755% ean he obdrined

Lo the four de@?v*ib@nualaaﬁiﬂa ?riﬁhﬁipaa%mﬁa The
nothod deseyribed eang howevery, be nseful, cepecially iLf
the thliﬁh tumours is rﬂ&dily ?vn iable, np o supplement

%o the more ganar&l ah@mioal m@th@d desepibed in Part IT.
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Table @a

EAZLE S-S
Lomnound Motonae beovelled aftor 90 hr.

AP Bals Clle

Abp 2o Gl

AR 1;% Gl

AR VLY | E?QQ Gilo

AAMP 197 Gie

GADP 114 ome

AATE ?o§ OHle

Ay 19:8 Gmae

AcTY Bl Gile

Ao 1le7 vme

qeTe ' Goh Tme

PhE SYeT Qo

e e Ginn

Uonthophespinte - 17,8 ane

Pyeaphosphate Baed Gt

Pripolynhosnhate Gl Ome
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the vhosphornas
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ﬁﬁﬁ'u% :35D0; aAr
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2T o7 AcTy
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the Chemdeal Synthesis of Deoxyribenueleoside Trivhosphoben.

4, Iotroductions

we

Hethoda for the chemloal synthesis of ncleotides
WL Lipat developed ﬁy Todd and hin colleagues ag an
@xﬁéﬁﬁﬁgm of thelr work on new roubos for bhe vhosphorys
ebion éf‘&lmah@l& and phenole snd on gonoral metheds fop
the synthonis éﬁ pyrophoaphates, - Yhewse apd 1mta§<m@%ﬁﬁﬁ$

weyw neerly oll besed on one fundomental princinle, the

3

agtlvetion ﬁf'aAphﬂﬁyhaﬁiQ entar, Yollowed by reaction

with & phosphorie evter, ag inamuntion (L)

0 (R OR. R0 OR,,
\_ / \5\ / i | : ) (o)
{) & .,,? - g LE }? o { LA «:wnmuwx?twann:> . é} e T’ Y {} i :}? F:ad %A_"! S «-:‘:.:
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There have beon three moin methods. of aotivation
uged, (&) the phosphoroshlopidate welhod, (b) phoophope

speiiote nothoed ned (o) the covbodiimide mothod.

4,1 fhe vhosphoreehloridete methed.

| Eﬁiﬂ‘maﬁhﬁé %ﬁiiiﬁ&ﬁ”ﬁh@iW§11MkﬁﬁWﬂ resgtion betwesn
an anbydeide, A% and on eeid e Wwhore A ds » oHronge
agld than B or ¢y (Corby, HeSe., Konner, G.¥. and Todd,
hafie Ja Uhewe Sooe 1952, 12%4)e  Yhe anhydride BO is
Tornad and A is raiaagﬁﬁ ne the fyes nald. in melecaids

polyphosphate synthesis 4 1¢ nost conmonly hydrochlorie
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g phogpharochloplidate. I a2 specifle produch,

o sat of products, 1960 be Joraed e.fgey, whe imemcmiﬂam

Biepolyehosphatas, the obher resctive groups must be proe
baghods P ;:z'u.w)l(} in the preparvetion of AP the reocesion

sohiome was, whers R @« adengsing

(3 (97, PH 0T, Pl GG, Ph G O, Dh
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Tha bensyl & **:m.p wan af:imaém an blooking ogont becnuse of
iR He! .Um}r vemoval by wild ne .}mﬂaza Bonpyl groups can
e w m’ff«:*{ﬁ aon n:s,m pls! 1,3;* by h sunodyadn in dioxan or athonoi
uedng 2 nickel op palladive oobalyst (Athorton, TR,
Howerdy da'ts and Pold, AuRe o Cheme Soce 1948, 1106) o

in o gontrolled monnoer dn the presouncec of triethylomino
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(‘uiﬁ Ax.g ‘f&}fwg .i\jfi.j."ng Qrai“'o and o U"]ﬂg i‘wai‘wa Jo {}}'.’_Q‘Y{I:ﬁ a@ﬁs

1988, 3039} Aii:%:ma‘»x‘i;ﬁ:m 1y an sulphny containing conpounds

whiewss grdinary oabalyiio hydvogonolyais Lo precivded,
bansyd gHovps oan be renovad by Urootnont with sodiwg iy

Yiguld amoniae {(Avevig, J., Hoddiley, Je., Buchonong Jefte
mad Thaing dodle Je Chome Soce 1950, 4’5‘-,‘-_-)6’5&“.5% Une bhaneyld

o e

group coan Lo soloetivaly :cfen_zc:s"i?'m 4 fwom s bricsbar of

phosphovie aoid by mmj gophilic dispiaoament msi nr alihor
toriiegy bases (Beddiloy, Je, Olaxi, Velloy
pnd Todd, AN, Js Cheme Soge, 1949, BIE) ov suliable onlowes

guch as ehilovide op ivdide (Mlerk, Vetle aud Todd, AW,

de Choem. Loce 1900, 202%3 CUre :za,!ﬂyn@, Mda;, Komary GsWey

Hothow, Js and Toddy Aslle Js O}‘!ma;- Soce 1068, 928).
il oy NS 2L o lyn A e k sery by s S NITER e
The prepoaravion of the dlbonsyl phosphoroehlonidatos

and nuclooslde-Hthonsyl phoophovochloeidaten Lo bosb

2 ¥ 2

evod by ohilovination of fhe covrespodding phosphites

F)

srenls
A

—a

Cwith Beohlocosuveeinintde (Xemvew, G.i., Toddy Jelts and

x

o - .-- N - £ X : 4 SN deg fae
Jl")‘s kmfl)?a‘; Yede te Ghﬁéiﬂ. D208 e 'i'!}! - 3 _ﬁﬁ??.)v&‘

The first melsoslds ol %‘é.n.e,:a sphste o e pyathesiscd
by chendeanld methods was ATE, which waes syathesiood by

Wiley of ale du 1949 (Baddilay, Je, dleholson, Addle
pad Todd; ARe Jo Cheme Sooe 1949, H582). L6 was prepanad

aiivar oalt of adanduinoe-h wmm*;;'yj, phosnlinte

with dibonkyl phosphovechlovidate te glve adonosing-H e

wibonsyl };fi‘i,f?:é ophasphote. dvonodabengyintion gave adenosing

<
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Sredibangyl pyrovhosphate whieh ofter treanitnent with
dibveaneyd phosphovoeshlordidate ond total debosansyiantion gavae
aacnoginn-S t-trliphcaphindc.

Uriding (Fomewy Go¥e, Todde Aeoie, Tobb, Rele and
Vaymouith, F.de Jo Chom. Sooe 1854, 2280) and thymidine

txivhosphotas have also baon synthesloed by thim PR

codure (Gelffing BeFfo and Wedd, A.Re, Je Ohom, Hoce

w

vx

1958, 1309} but theve have beon no publlohed syathesés

o) Qyﬁagingﬁ Rﬂﬂﬂ?&ﬁﬁg deoxyoybonine, deoxyonanosing
ox decmyadenosine il uhm};)iu:ﬂ;mes by this wmethode

Mioheleon has reeéﬂﬁly gavaelonsd an inproved
phosphoveahloridase nothod (peroonnl communiocntion) of
teiphoophate syntheals in which yolde bafore puvification

wir

bhatroon 7% « 8% heve heon obisineds

X
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In esrly experiments by Todd ot ol (Ulark, Velle,

Kivhys Qoiie smll oddy AoRe Je Cheme Sowe 1957, 1497) in
whiosh Thay seacted bevsyl phospheranidate with adenozii
5m@h¢ﬂﬂhmﬁ@.the.main produet vas g nonobongyl estar

A

of o wmgimaw tepyrophosphote, LA433e or no higher phosphe
ate belng obinined. Whon, howaver, n aalt of pdonosine-
Hrt-pyrophosvhate wag teeated with bonsyl vhosphorapidate
the produet woao o bennyl vwhew F odenosingsS tobpie
pheaphiatc. Xt 18 bolieved dhat the weoobing ﬁﬁﬁ&iﬁ

N

of the vheosphorvemidato 18 oae in which the nibtrogen
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beaps o posibtive chargo. The eeaotion can be weititon

o CH OCIsPh QH  OH  OCH,Fh
ol oG T | | |-
Ro GeeperQeBes0 ™ b~ HHg ROl s JiseQorleQenleoQulieGH + NVHg
T 20 | T
0 0 , 0 . \ 4 ] ]

)

o

o condeant o the Sindinge of Todd et é%,fi,a w:%,"?;i'z
Lonsyi ?;,'}?22*.{'2??3‘3_3}Eﬁ:ﬁ‘??!?’:*;ﬁ.ﬁil“iiéL. Chombe '-f?* *5 "M’n*i (Chambers ,' R.W. and
Khorans,, H. Ge J. Amer. Chem. Soc. 1958, 80, 3740) uzine potossium
hydrogen whosvhavonidate and ndonoslne-H ephos 3:}11&"&;@,5,
girbadngd o mixture of adenooine-Si-volyshonphaios. Uhias
dixTervonce Lo produeta g proebabliy duce vo the lability
of baneyl esters of adonoaing polyvhosohates conpared %0
the Proo a&%aoa:‘iafaé polyphosphaton, Thin indliontos one
of the wein edvan baoas of the vhoayhoramidnte pnathoed ovor

1

the phosnhoveehloeldo te methad, T the datbor the fully

subsiiteied pheaphorvonhlovidate is necespary, and the ol

phocshsten apa - obinined oo fiot trabenyyl eolers. In the
'i,'":".i{:'.'5-53'}“3‘-}1QTE&?')}iiﬁé}.i a mothed, these svhatlindions oro MIMBCRGENATY.
A nwthee advontage of this mothod i tho relative laek
of wenosivity of iw vhoophorvanidates Sownrds aleoholie
hydroxyl prouns.  This meoans thad nunleoside 2% opd D6
hydporyd swoups Ao not need H0 he }f).’?‘?“i‘.}"iiﬁf,“:'f}f{ﬁﬁo

Yanloopide ;sjah %]nhgmmuﬂ aves wors iret gyatheosleed

naing menonhanyl phos :ffmtwmmh?_mmm*’m Ho phoaphoeylase

the proteooted nueleooside, *‘"maﬂ’mvm with opmonla aud
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ailndine renoved of the protective grovps (Chembors, Rels

BEAQY .

]

and fhorans, HeGe Jo Amore Choms Hoos 155G, 48U

o

A suporior one-gjep syathesis of adenosine«%7 ond uwldine
5% phopphocanidatos was deseri wed Wy Chambers and. Holint
(Uhawbawra, ReWe and HMedfat, 1‘3‘1;\{.;‘-& Je Amors Chome Hog. 1958,

8Os B753) s  Uhis mobhed conploted o rosebing the nuelec-

sido monopbesphate with droyeloberylearbhodiimide and
aguoons amtonis in tebhutanel and feautmide at 80 °, and

Cgave yields of up Go 90

eilyy @bhit@xﬁﬁnqgn( % 1o Qe OH
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by the polvent aleohol {(dobted n @'“31“(3‘“) 8B imn, erddy hindemp-

L3

ed adeoned must b usads elubanod wen Jound Ho be vary
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it P

She desubstl sutod phonphoranidates are asuslly norve

vass tive ond mey boe propnred by subsuitubing the appeoprie

¥

Qe arine ceffe s morpholine oyelohoxyisming oy bongyle
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pwine for smmonics - AN onn e preparcd from AMP in 607

yvield by treating dievelohexyleuanidiniun Bdenosinoet Le

I3

phasphoranidate with vhosphoric aeid in o-chlovephenold
'(ﬂhwvﬂLuxmg hs‘h.'vné hﬂuanumy'ﬁﬁﬁg do Amow. Chem. Dos.,
2958, 80, $749). Wroatmon® of the trisn-bubylopnonius

e

cealt of ADE with bensyld Heeycelohexylphosphorawidate gives

AT dn T09 yield (Clavlk, V.¥., Kivby, GeWo nnd Wodd, A.M,
do Cherme Bocs 1997, 50% 75, This means that by this

methed an AR 1L yield of ATP from AWP of pbmnﬁ 405

R

oo he a@ﬁiﬁvaﬁg thus, where R = adonosine

o L On » , oo Oy il Th
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l s g *(;‘ff l l \\
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” Gy omoptshind
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o7 e ot dimothyle
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4.%  The wahﬁﬁﬁiuﬁ{{~§§ thode
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1957 Fhoeona ot Yodd (Bhorans, L. and Todd,

AoBo Ja Cheme Sog. 196%, 2097 investizatoed whe pultobi ity

of covboditmides ng condenning ogente in nww;w““iﬁﬁ NOLYe
phosphata myntheain. e owes then hnown thet covbadiimiden
reacted with aoelddn to give olther. tnw eodld anbydelde and

the uren, 0y Ho gpive tha ﬂwﬂﬁ?lﬂ?@ﬁ ( muuohuﬁ My Tiioahor,
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Be ond Moyor, Wefe Bow. 1958, 71, 1088),  Aromatic acidn

Wyl dy folloved the fovner po {‘m:::‘v“* and alivhatle onlds
the latter.  Yreliminawy rosglions with dioyolohonyls

capbhediimide and ddbhongyl phoevhote gove high ylelds of

tebrabensyl pyrophosphote, indilastine thet corhodilnid

:‘1
a

wers Llkeldy bo bo affective in moleoside polyphosphote
pynthesin, G wae :1';‘«31:@1’.&31 that o levge vawioty of solvenis
aonld ho used for the roacbion and i ‘s,:';'%; he raaoblon conld
selovntae foivly loavge anownho of wator. The offent of orrpne
i basos on bhe penotion wan sbodied and 46 was found thob
sithongh pyridine did not affeot the yield, telethyl

awing proved o he gonpletoly dnhibitoer, As the nuoloos

T

$ides and opth ophoaphorio acld are incolubie in anhyderons
pynidine, experin onie designed o produse the nuneleosidecs
N

Hievolyvnhopnbates, by gondensation of tho muelecwlde

AR hanphate with whos zlm;ﬁr’a’n poidgwers aaveled out in

. > wenn et o8 o ey o - oA 15 P L P oy anyey e 3 sy o ]
SEUO OGS DY TLAInD . Blovnres of the none, $ley Sl and

i

higheyr vheeohates wore obbained, the yieldos of fwilphoapheisw

heing around 10-20% of the crs:,f.fnm. =3 monovhosmhobe. (Chambera,

¥

Re¥o mnd Khowvsan, Wele Jelmer. Chams Hoce 1957, 79, 5 5';:5*

o

ﬂ&é.&..p Hella ‘"“QE{ Tf§3£§,&°ﬂ§{ Lo HeGo s Ausre Uhsw. SBoCe J,f),}'ﬁ {;3
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508685  Chovoha, Hetls Je Amere Choms Hoe. 1054, 768, %817}
At this time 40 wos bhelioved that 40 vonld be fatile o

ey o dumyove the solubility of the muelsotldow and
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phoapharie neddy 1 anhydeous pyeidine, by using theil
mi&xun pio omline selbs, booause of the Pn<32 inndblbory

o

effoot of dedethylowine on the earbodiinide condonsgie

tan of dibongyl phosphate. Hhovans end his co-workos
wried %o ovoercons the veoblom of the difference in
corhediinlde and nuoleobide aolubilitien by synbhesising
vhe foliowing vater-soluble cavhodilalde,
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iz! Lo

T homosensous agquecun nyridine solutions
reereatth vAapddly effooted tho condensablon of AP snd
mhosthorle aold. Hovevaey ha eocovery of the mueleobids
pehonint Drom rolubiongd conbainine larpe auantitlern of
convternary swmonlum galis won wnsehinfost 0Py, and ao
Thin apvrossh wag mhé}x&‘;ciﬁ}x'},ﬁem

Jrtention wag newt burned Go tho wee of trde
A eylomroo i oalhe dn opder o evhange the solubilitics
of rhosvherte estera dn anhydions solvents, They found

thoat the tnhlbliory effeet thad briailorismines diaplay

i phosphoric dlester condensnilong, 1o nepligible in

F)

condensntions Involving monoeg bowifled, o wsubsbliuve

Azr-.es :I,{lf-,:@f' CIS wen alwo eimﬂ _‘I:hsa T AN oome
domgatlons hetraen vueloeosidosS beanoy (‘:sm")h..z‘ﬂﬁ amidl

g agreons of dloeyelohesyl-oarbos

et

vhogphoric neld, a larg
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{Smithy M, dells angd Phorenn, HeGe do ANMST.
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4 com he seen from eguablons (1) and (4) thab

Je

JLTN T wfeecmad po T Frai g . B PRSI PR T T BT i P SR :
the brialikylamines oxert thely inhibitory il ob by

wow “ ot o

compating with Bhe carbodilnids for probonde. HECH

sguations {(2) and (5) 4% ip obviouws that the nueleos

P T T R R o B R Grdem st g e o
~hidie nower of the atineiiing aold o

e

nion 10 2lso an
imya*LJQQ Faotor. Thue, beesvss benzyl phosphobo
s more ;zrﬂa*'?<W<313&1'*Lw%, than ddbensyvl phospheta, L€ will

condonse An she prosonce ol vrisivloninoes, wherong

1.";\,‘*1 Aty 5 C 2 sle e -
divensyl phosphate will novs
P t {3 JENSL I TG TN 0. S B RO TN |
cuo b beols of dheoo Sindingn Swmlth ond
rx I N P;.. Eal - oy BTk P o, . > .g e I -
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wite WG, ﬁgﬁ 134%) desexibed o goneral wethed of

Ay T O e el g yey T SR T S SO S T

n o osidasDE egrdy h O }).a oba Bynihoiia, aad deolated
S T Y n s e vy, L s g FE

ghount 100 pll QL pure APy o 565 wiolde

£ synthotlie methods

A5 deogyelbonuoleoside Lriphosphates ware

arly regudred Jop DHA p@l:ﬂﬁ‘mﬁﬁ.&ﬁﬁﬂyﬁg 2P

wesahn s mebhed whilch vas f.pﬂhl@ of synthesising
ol Touw wnuﬁv“ihﬁnueiowﬂxdw taeinhosohates in good

viedd, sad whieh davelved She wiviwsw nomber of obeos
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aryewed Eolean ganeme o . - I 5 a3 n ' B o1 v deany
veandin vy ho wum&uii sed In Bhis ey
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o dooxysuanosing triphogphaien are avallablo. Lhoe

a
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P rario, ?i* e leotidod.
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mle)g Solecebuiyilemine (W0 wley BUowmmolon) and dicvaeloe

shadiinide (20 ghe, o HE0L0% ) o

Partwee My Peoxyvribonueleos e Ldaonaphoaphate

{240 molens 897 phosohoric seid (3:90ke, 6O minglas) e
N .

J S S D T S S R . Y G s o e gn
: MU e \; _‘L;f{,.} fEL(: ,? ; fﬂk!. o 1.‘”,! 3110 U‘y LOTANG k f?(.) i i.w & E) ) HERIERRE T

ad ddevelohexylearvodiimide (Lou, G0 gRe, 300 mmoles) .

-

& v

R S e kY oy K [P SR T D ¢ TR & . -
clmtvere Gs As Por by bub sho deosyrivonueloosidoe
. FURTURUR PR SRR 4 B FURPUY R« I IR T N R . vty <3
RN TOE Hoanhpto vas reacbed dn the Lfowvm of 1ts btriepe
. Ry 2T v etonen o) P T 1Y . U SR N ! U At SR
sty dommgoniag gndhe The wonophouphiste (voas iy
PP T I PRI B v 3 JERP - S YRV e g o god oS 3 o
G N S Acu ) wae {OLORQ IR Vot Ll Vatoer { 200 {.L;-‘ﬁ{.}]..ﬂx‘cﬁ 11 gt
IS * g o iy 27 o 3 . i O ;e | 4 - T e CR NP
2% nmle) rmd passed thyough 2 colvnm (35 % 8 oney for 200

[ S b EN T e N ¢ .} - [ S P A Lyt ey . SR 4 wn
paclesn of DowexeStetpisnebutyomonian (orevared by

L bt we e PPN A T APV N angnay taeed vieba ordves & e aaw e e b e a e i
sin iy Hover-Oil-Lidrogan with by z.w.u-wi,ﬂ:sa,y.h,,wz;g,:\nﬂimn

PR N APTRCL I S ! iy e T A ] 3k KR PR Sy
chlovrids) e soluwm wag washed with a Little watey

A

wlty of the adfluont and wvashings ot



ey of puoles of mueleobids

200 ey vebernined. The 1
prasant was calonlated sad Hhe reogulsite amount of
seiutlon deled :i.&;“i:i:» the venzel Lo e used foe the phas o
Fyiation B0 bhe beriphoaphoto.
By Renobivn proceduro
T et el s vyt el T .;..{',,4..;‘ l eyt Ty .1 A gy
AT WELRS AW A Oy BN GoGXYRLROMICLOGH LGS

wlemonounaophabe and e phosphorio aeld veprs disgolved

i obhe pyeddine/tei-n-buvyiemine sl e and then the 10

Vhan mixbues O worg uped the solution of the trie
ety iomnoniun deoxyriborvelaeeldesy Y-nonophosphate won

3

& g St g T Away A o, glaat 2 o oy
o the yesuliting wovdon,

e s
Eng

giriad dnto the peocuion ‘ww:az,} and

o elear swmg bhe pyaddive, wrlon-bouyilomine and phos

'!

acid woers added. vhan evepytitlos had disscelyed the o0

i oevery ease Bhe mixmtore was shaken wlgdrousiy

SEroon bopporature Tow o f“’ﬁ,l VI Gk Butng

£ . ) ) o o e h
e i%-fm,?;.& ’.a 1 nw* pedren of Sedith and Thorono.
“b!}nl’uhl wumnunu SRR A A S e SHENE G o U P T e R i) 1-n n'4 e RSN A b Sl oA ¢uqmt-".i'xu B

Far A

Tho pueification nethod despevibed by Smith and
Lhoasing o the }f.‘“i”‘é?ﬁ}i’f%}.:i‘ Tiom ol ATE from 2 wmoles of AV
e np Do ?ﬁic:m\ §on

»,

(o) Hemoval of dleyelohowyiunroes (HED

3 PN 2

AtoEhe end oF the veasotion bine the precipiiated
3%y g MR 4 - J W \ T 2% A% ayey At
NOW was Sildered off and washed with watere.

(b) Removal of pyridince.



w B3 e

Tho conblaned filtvate ond weshings wore fuvlhow
Addutad with water (Sodtnl volung, 100 ml.) and extractod
Thwao f@;:i,fsicé o with ebthor (Hotal volwag, 200 mle) e The
othor oolusion was woohod wiih o LiHtle wvator and tho
gembined oguoons golubions songenveased in o flosh
avoporator, at o tomporaturd not axeeoding 209V (whon i
puep wes ropendod s Lreoage-dwviey wan ueed) . Woaser was
addod o the conconbyate (volume svound 20 mile) aml the
solntion rosovonoratod. The pesuldblug concentrate wihich
d4id nov smoll off pyridine omd was nevtral wan wnede ugfi
e B0 mle wilith watora
{u)  Honmewold of inevpenic phesphobes

vonby=-0ive millilitees of this polubion wes medo
up o A75 mle with watore  Agid-wnshod Worite & (L0 gne)
uas addod with atizring 4o the seluiion over & B-mlmtte
periods Hhe chaveond wad svwn dom ond o Surthey amovab
of Howdte A (L gme) added bo ndsorh some Us.Ve absorbing
paserind romaining dn Uho gupernntont liguid.  Aftor
codloation on a Colite filton-hed the Yotal chaveonl wan
warhod sevoral bimes with wabter (totnl volume, 1 1itve).
Bhe P 1b on we leotidas wors bthen olwbed with 500
agueoss abthonod sontaindng 29 of concenteated nmmonin
polution (apeeifile gvavity 097 Totol wvolune of oluend

&G0 2la)e Coneanteatlon of the olunto in o fasch



K 5\ 4. L5

evenorator (bath temperature $0% 559y grve a newbrald
sodusion whieh vos fread Lvon o tvace of choyoonl by
Tidlteation thweough Celito. The Bo 1ﬁ1un wag made up o
40 mle Bud adjusted Lo o 8 with 1«0 ¥ godive hydroxide
A0V ELONe
(4) Ths sepavebion of AP from Aﬁ?,.&ﬂ?‘&mﬂ‘highar
adenomine polyphosphatea. |

The total solution was adsovrbed onto a DoOweKwden
ehloride colum ( 7 x 2.2 emes Dowonel-cHloride was
used Ian this Wﬁfﬂ)- SACBer o water wash, elution was
bogun witsh 0600% Il hydroshloric sold containing the ol
loving oneunte of lithium ehlovide (1) 0.00%N 1ol -
0«02 3 10T (1465 mla) (2)  0.00% W MO1 + 0,05 M Ligl
(790 mle)  (3) 00005 W HEL 4 0.075 1 L4061 (2000 1le) .
A flowerate 0f 4 ml./Mine was mainbained . These oluenibn
vamovaed the AUP and ADY from tho colump and the eluates
veore diseardeda Subseguent olwilon with 04003 W HCL
e Opd8 M LACY pave the ATV, the hilgher polyphosphnten
ronpgining on the columie This solutlon was nonbrallacd
with 2 1 Lithium hydrvoxide ond siowed at 0%
(¢) nomoval of 1ithiun chloxide

»

pue mmndeed millilitres of thig soludion wore ¢one
gontratod $0 o eyrup using o Llesh oveporator and o both
sonporawre of “UQ - 40°, Tho syrap was dlluted with

an equal volume of wothanol {(aromnd 10 ml.) and then
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with neotone (ebout 200 mls ) ‘1 PASTEN 3¥Jaiﬂ the
tavealithivm galt of AP, The prasipd k%&u Wy g0l
loated by ceontrifugation, wached with scehone conbpines
ing some mothonol, thon with F%ﬂﬁf spud &ried over
vhosphomig pentoxide, aﬁ126v“mmﬁ 1 an of nmareury, L0
give Whe «alt og the amﬁﬁhydymte

B3 Genswold methods of deoxyribomieleoside trdvhosphote

Pt mrnk*&

"ﬁ ﬁwﬁi’é;ﬁp ®

the aquantities ﬁmnt&aﬁmﬁ arg thoge rogulrved fov
prepnratlons involving 2 mmoloen of deoxyribonueleoside
nononhonphatte
Hathod Ye
() Hemewal of DOU.

Y tho ond of the renotion tiwe the reaction
mizture was shalon with an eaval volune of water and
allowed o otond ot 0% for 30 ming. The DOU was
thon filtered off oz bhofore.

(h) Removal of pyridine.

Aw demeribed in Section 5.2 (h)s
(¢) Tomoval ef tvi-nebutyloamino.

mné agquaons solution obinlned after (b) wao passcd
throush o Doweze-S0-aodiom column (15 x 4 ome) and the
eodlmnn washed with one colusn volwwme. of water.
(4} IRowoval of inorganie phosphatens

Tho Horite A (Ved. Howe & Co. hﬁ@., Tondon) was



L {3 ‘6 ksa ‘

aativated by refluxing v ?iﬁ& b ﬁ ydyroehlioric goid fov

0 hvae washod with wator 111 newbral and deied a® 550
ovornighite The mocleobide ﬁ@lﬁﬁién wan ad justed to ﬁﬁ
2 « 3 and the Horite siivved dn slewly (about 10 gu./
mmnde of nmai%@%iﬁe&). The charooeal was fi&unv@ﬂ of'fs
Sharough thoree Lmyav@ a“ th%wﬁa Hos 1 ompor, and washed
Wlu@‘UE“an “Phe mualaaﬁiﬁaﬂ Wé%ﬁ reweiutéé with 70%%
UGN %hanu¢/b 14 ¥ eumonio ﬂﬁl&@iﬁﬂv(ﬁaaﬂ%, Lelay
domeonilty FeGay Stephonson, Hele ond Sgott, Jelfe Je Blols
Cheme 1958, 2%%, 954)e  The sluaie wau concenbroited as
hefore and ihe conoendtrate dlluted end adjusted o pH Be
() Tha sopavation of the deoxyribonveleogide trie
phosphate Lrom the ;;Q{‘m@w, di= 8nd highow deoxyribonueleos
side phosphatog.

Sopevation wae by anlon exchonge column ohyroma o
graphy on ﬂﬁwaxmiwahlﬂride (AG=1=X8, L00G~-200 mooh) resile
L ool of rosin aboutv 20 one 2 2 Oke wos need fov the

pegduass evisding fron 2 mmodes of storiing material.
The macleotide solution was pourved onto the oolunn and
the oolumn washed wish o Litdle w&ﬁafa The soparation

2%

wag offooted by stepewise eluvilon with hydrochlorie seid/
li%hiam chidoride mixtured.

The concentvratlons used wore,
fop TP, (1) 001 N HOL + 0wl H I40Ly  (2) 0601 W o1 -



Topr A0WPy (1) 000 W HEL & .08 M DAy (8) - 0«01 W HOL o
DaCB ¥ L0
3?@311 3 &fgiws k‘i“l Q (Y“g Wi T {}i\{}ﬁ i’t‘ :{;‘i{}lg (2 GQQ}. ¥ 'ﬁ{}}« -

Qe ¥ LA

e

Q.'i'iﬁ} K eyl ‘Q:k;lf,\g {"}} 0,00 N HOL + Q.00 ® 3*3013 ( } 001 W Il

+ 08 B LG
“he firod @?ﬁmn‘ﬁ in opoh osoe diaplaned the mong.
m"i Qlwephiosphatas and c}m geannd oluent displaced &

’i‘s&*ii’ii}%zié‘ﬁ'}i}}?ﬁ;ﬁ”%ﬁ}gx The 60 m'i:’!,m conbninineg the teirhosphats
W man sraliced wish lithive bydroxide, av 0%,
(£ Bemoval of 1ithium chloridee

This aewtrad solublon wap conventy atod o o thin
aymnyp fi,;:ae\n diluled with 10 - 12 fines Ite own volume
af ahaolute a leohole tha Tithiwm seld of the ( daoryeihos.
nuedeoside Briphosphate wap np:m:‘; vhsated while the 13thium
ehloride wiayed ia solutlons. fhe g}&*ﬁé'&:ig}ﬁ:fm’f‘farz ai OLLE 0 b
ad, end washoed an beforg.
(:
5

frrom the 13 *‘:{Lmzfx gHe) bh{} aodiam 8albe

gy CGonverslon of the deowyribonmoeleoside triphosphole

The Lithivn deoxyribonuneleoside btriphasphabe wan
vedinnodvad m wm:a:e and possed theough o DowegeS0-
sodiwe colunie - ‘;ﬂm 6o L‘mm wm.s wanhoed with aboud one
golugm ‘%@'szzxeﬁ of woter end the cowbined oluntos Freempoe

dvied dnto phials ond stoved b m‘?’*?’}ﬂ




< e

Mothod Ile ‘.

The f:a:s.lhs* Aiffevence he *“f'm. v thie method and Hethod
T ie bhab '333’};.6,'-} romoval of 1ithiug m‘a e:}::a‘ de and 3,.ﬁf}‘i";:f31z3,i”’ |
PhO gphnben we :;13 schieved in oune o m::“a.g 1w rﬁ;,:izg £, eﬁ&m@am}.
o f;aimmn‘ jRCe ﬁm Qe |

Propovatiom of the chuaroonl colunis

the vheroonl used wen ““Ew’ grdet? obbained frow

Tritich ‘h::z ¢ ‘f'l;i.ﬁ and Mo j}m’aama‘i‘“ Groononke  Thin
charaoald was growmd and sieved to 60 « 100 mesh and stipe

red with BE %zy«iwwﬂ. o nedd until ovelubion of hydrogen
Cswipivide f“i’éi’%ﬁ,lﬁ’{'ia - I wae then pourved dnto a wide

BN

ﬁ;'il"fr,fﬁﬁi!(iéiiﬁi’if}égi’éi%@i‘iy mfh_zﬁm,}zsz ehed with noere }:gr{a,:;mnmm, aoid

(m’i‘swﬁ 5 m';:i;z: g volunes) pnd thon widh wotor unill the
SRRARREL S b owao newbral. A lavge exeess (20 « 30 eclvan
"fi?ﬁi;i’tmz@f:a) of 0:01 N sodium hié&:&?h&?& vhe wae thoen passed
wheoueh the colunn and shon woter upiil the offlnent woe
newbrnld egadne - ‘“lw eél;,,a:j*ca oad was dhen washed with T0%

A

ethenol,/U. 14 It awnondae solubion (phoud S0 eolumn volumes)
and waker onge more undlil btho ofiluent wae nabral. Tha
aolumn was then waehed with 1¥ hydroshloric goid and
then with wat bow vatil the affivent wes newirale  The
ghacoead vag then veady Lo uso.

Reger mx bl u:z {33: ”"m i}ilh’:’i"i“(‘ i}ﬂla

w?

’i, ek ealy] dm cz;%.a.a,f* ook %:». g pogonerated by washing

gith, 704 ef lmzml/(} 14 M oanmondin solution {about 5 colunn



R 59 RE

N

velwies), vober unbil the offlnent was noutral,l ¥
!l;f deoohioric neld {sbout 5 column voluwwes) ond waber wnbil
Thie 'aa;::f*:si"i{‘,m:wé; wag geutral again. |
Method 1T. |
()  Zoemoval of DCUs  Ap dn wmethed T (ale
(b)) fewmovel of pyridine. As in Hethed I ()
(¢) Howovel of tri-n-bubtylamine.  4Ls in Hethed I (@).
(‘é‘z) Seperaiion ol the deexyribomicle oside trivhoeplinte
freom ha ﬁmﬁﬁﬂﬁﬁ;« and higher phosphates

%

A dn mothed T {e) b inctead of neutrelising the
Friphosphate solution thus oblained, 4% weo adjusted to
pit 8 « % wi ‘i’ﬂ. 13 Sl hv{i&'m: M{im

(o) fowme "wcmz ol },i uhmzﬁ ﬁili&i“&m&} and tnorganie phosphatoss .

i

o de SN ‘%hﬂix}.m Leoslde trdphosphate aoluilon a
pH £ = % was pmwm’i QRS0 & &mlfzzmn off chavoonl (aboud 10 wle
wot hed *mim:efﬂ.{)u gmrwﬂ% of mieleobide) proprred s
deseribod abovie The mmx‘ami woe woshed with water undil
:r-.zé,'a a:ehimsz:z,@e;;= sone sould be é.wv%‘*mrze‘i;@m i the effiuvent (by
the aliver Py wale  boat) e:mtl mmﬂ. with U000 M sodiam bie

4

earhonato V'%:*s' wi LD .15 eolupn volumes) o vewove the

7‘-

Lo a',a“ 1RG pOLY mmmgﬂm"’mm whdeh adheee B0 Uhis charooal
umfm:ﬁ? Lhose i’,‘:m‘l’gﬁi’ﬁii)nﬁia - One %o Wwre eoldumi volumen of

B

wotor wa 35 thon paseed throneh he colivn o vonove any

w

cosdning blearbonate, end then 704 @ uhun@lﬁ(ﬁm M

awmonds solution to il wﬁ&m the daoxyribonueleonide triw



L] 6@ L

3

LA E I

EA

phospl Tha soluvion

J3E

yra

concentrated 1n & vob ney avaporator

ebtained in thi

at ohoud

L6

thon ailluted (o @bowh 100 0l.) with uniere

(#) donvovsion of the deoxyribomueicoside wriphosphote
from the Lithiwu o the solium velbe  As in Hethed T.
Bed Tupew chvonglosvaphy.

Sapoye chronstoreoaphy was eonducted vory much ao
desenibad in Yart I, Secetion 2.6  Chyomsbograns wore
vewrily wan (dn the dgobutyratc eolvend) nfber etops
() @) coft the Swmith and Khosooo provedurs, sbtoep (4)
of Hethod X end step (&) of Neshod X¥e A mamplo of
Sho fioel produst wos :-:%;1 ava olwonntogravhed in tho iso-

"

Trgyasvbe aodvony and o geedion of tho chromavosran
dipped 2o dosexdbed dn Port ¥, Suetion 2.7¢, o tend fov
wa pragenes oFf dnorgonic phosphatos ond othor ispuritiss
[ %) ; A
B85 Invesyloat :i._(}:ﬂ o the innbil ?,"_i;g,? ol Hopdto §oto adaorh
.u. ._r‘\ "

nue teotidon m:»ﬁm.‘* "}u. ()m.i& “mft oL

1

the Dmith ond Khoven

neocadurs,

wite Ay used op

wls &

dogadhed

and Khoraonm

had ;%E“ﬁ,ii,,,ﬁaé%. $0 addorh nove than 60 « 70% of the 4 ouz“wjﬁiwsw
e ohdon ;wmswm A0 the wesobion nivbure iv wan deaidad
BO tort Wthe adsonptivity of the charaeonl, weing AUY e

a pedal compounds The offect of Wi o

coppeity of the ehnroond wes shudied
that she eopoaedty wes highest ob low
[

the adoorptive

gnd 4% wan obsorvaed
pHe  Howgvewr, an



highly ceid conditions cause degradation of the dooxye
ribonueivotide polyphovphatos; 1% wvas deeldded thal pH 2 -

-3

PRGYL

42

od Gl bheat ezxmﬁm'i;ii ons Tor bhisn wonite

b {9

Holublons of AP wore adjusted 8¢ pll 2 « 3 and

AR

giivred with varying amownts of Hovrdlide A (prepaved ag in

Bogtion %.3, Hethod T (d4))e The aﬁaﬁaﬁfl‘w&a ramoved

= ¥

by ?&ﬂﬁrifug&%;on and the optleal denslty of the supepe

¥ 3,

notent Slulds ot 260 wmu detoernineds  Fhe wosulbs ave

summerised in Pable &»

b A

1% wae obvious ?w Gl Eh@%m idguras shat this chaye
cond Bad an adsoppive capn ﬁauj ghilar 1o thaei used Ty
Sidbh and Fhorena and was -not vosponsible for the low
peroentase ¢ ‘iw QupBloiie It thevefove m enad Likely thab

a\

tha charooal wbs boing &am@rﬁaﬁ by woebhing in the react.
Lo goly ittmmg - "‘}:ze‘* z:’s{}t“u:mim'ﬁcix tost Idkely to sheow dhls
éawﬁ‘¥éi¥a eifect was tri-tsbutyloanins which would be

m:e sond s delensbubylommonivg phosphabe. ‘Iw:. was Aeside

o
2
e
. e
P
=
e
Er:
et
S
ar

rothe adsorpbive eapaeldy of the Hoprite A in

ﬁh@ Wreoonee @ﬁiyﬁlwanu%vl$mmua un phonphate ad the cope
3&&%%49&&& Powad in the peactiom aolutlone The r&&uiﬁ%
e shown ik Table 6.

;v olear from thess findings that the brlens
Yutyilomine wae exerting & desorpilve effect on the chaveosl,

ot this effect wes not lavge suough o secount fov the

B0 - 40% noun-ndaorpiion m&:mm fovad with the renction




Hable 5.

o
i

pmoelen ANP 100 100

Eo

Yolums of solution 20wty 20l
Amound of ehareoald
odded : - Oa%gme 10N

prcies AP woodesorbed 0 00825 (1,08

i"* fﬁ,‘ & A
wtiml e

A
¢

Lt

R

La B,

200

CR0mi

2e0 {Tte



Toble 6.

fube Wow - 3 2
wmoles pue . 106 100
Votlune of solution | 20 mie 20 mle
prolos of Hyi-n-buby lanmoniug

vhogphate ndded J & 4
Amanﬁ% of sharooal added ‘ 1 s 1 fie
preles ANP wondserbed - € 005 20
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ML HURCe Lalieving bthot the renaindsy of the non-
o

adsorption was due to the prosence of traces of pyridine

E—.—l-

it was deoided to pass the yeoetion solutlon through a
column of Dowex=50-godium as described in Method I (a),
thereby removing the btrilen-butylamine and any pyridine
that misght be prosent.

.6 Mhe provavabion ol thymldine triphosphate lobelled

K 4“’;)‘ P 5 [t - B
with ““P in the prozimol positions
(1) ‘The proparation of 52p w1laballied thymidine monophosphates
sgohod A {(afterithe method of Hurwitz, Je Je Blole Choms

EX Yy

1959, 234, 2551, for the prepavation of CMP7*).

N . . . BBy 1 ow o
LO0 me o.f carvicr free ovihophosphate (7P PuBeSe
L Hadiochonical Centre, Amershax) werve tranaforred to o

test=twbe and dried in & vacuun dessicabor contnining

)
DLEOBPROTLS pR xlde and sollid potassium hydyoxide fox

ahéut 18 hre Analar ovthophosphovic soid (880 w, g

285 mEe s Vel mls) was added sud the mixture dricd ags befors.
Thé fesui%ing yellowish oil wao heated at 250“ foy 20

mine Lo convert iv o poly?h{nyneJ Lo acld, cooled to

voon vempoerature and H00 pmoles of thymidine added. The

s ture vas stivrved thoroughly and incubated at 60° for 4
hige , with lonterni ent silerings o

i

Ifn the medshod off Humwity the {,z i 1'33

wos aoparated

LTrom the vareactved phosphate by chrompsiography on Dovese



e (‘S:’.}. e

froosee-didad dnbo the resction wvesgol for the propapsie
jon of TPre A yield of Pppoe {of whioh over 9O% was

3“?3‘ 59) of just 20%, as based on thymidine, was obbein.
00 The poreentege of the rhosphorie acld ueed wos,

of conrsae, very small and conseguoently & greast deal of
eadioaetivity was wasted, The sveciflc activity of |
the peoduss ves aboud 2 = lOf epngmole as dotermined

in & windowlese gas flow countore

Hethod Be  (Yener, GuMe Jo Mumers Chome Boce 1961, 8%, 159)
(a) ihe prapavmﬁi@ﬁ of PO gholled Qé@yénnﬁthyl
phoaphate (OLP)a

The renetions involved aon ho oublined an followves

O 0
. JQ DG 4n Ay o ey U , -
d‘?(ﬁf‘f ® ( ﬂp) ® {‘f}}:r; - 01{ i .ﬂB P 3 W} (ﬁi!u (»}E{EEI QH.?? U)g I‘j""(}"“':&((){; §¥26€i§53¢ (Jm ):
| pyri s:l:l‘:tm .
2eaypnoethanol (1) wator
{(2) heat
i
Ol Cllpe Oy = O = P = (;,04.5?.!.&1?.2:’ (o, Ol e CHg e Q) ,3,1‘* - O
éﬁ B
CrP
A polntion of ngwlabﬁllﬁﬁ orthophosphorie seid

(1 wle of 1) was concentrated to dryness in vaoueo ok
40 Ho romove trocen of hydrochloric aolds  Anhydrous

pyridine (10 mle, dried with Lahg) and Z-ayancethanol.



- 65

(1,0 mie) wove addod and the &Glu sion eoncentraied in

" 5 (ﬁ - r’ LTI N o "
voguo at 40 to an ehhg (the a%yat&mgina pyridinium
phosphate which aamatmmaa ﬁepar&taﬁ rodisgolved o the
polutlon become nore concentroted)s A second nordion
of anbydrous pyridine (lﬂ m..) vag addad ond the solube
ion aga}ﬁ eunaeﬂﬁratﬂa t am.ﬂilq Anhydrons pyridine
(% mle) amd DCC- (Rel &ﬂ.) woare ndded and the reasotion
st apide uvmwnighs ]E room. Semporatures. Wator (5 wl.)

wing added be stoe the rendtion and the resuliing solub-

e

ion hented in & boiling water bath for %0 minutes. The
golwtlon wan then concentrated to dryaness in vaguo and
wober (16 ml.) and saturated boarium hydroxide (10 ml.)
rwided o tho reeiduo. After & mimuton ot room bompers
ghuve the solution was adjusted to pH 7.9 with neoetic
aeid (5 dyons of glacisl acaﬁia‘ﬁaiﬁ} ond filtered o
romove dicyelohexyl uren and beriw phosphato. o
volmes of ethanol were addod to precipitate the bariw
2wcyancethyl phesphate whieh aiftoy sionding fﬂr 1 houy,
was colloctoed by eontrifugotien. The oryotals were ro.-
dissolyed in water (B ml. +oa trace of soebie aeld to
holp eolution), centrifugzed to ronove p brace of ine
soduble notorial and reorystnllissed by adding ethanal
(10 wmle)a  The product was eollected by gentrifugation,
washod with ethanoly then acetone and finally cther.

Yield aftor air dryiog 190 mge (608). For use in



~ 66 o

ph@ﬁ@hgw vidons the produet wos dissolved in wator

(5 mle + o trsee of scetic oeid) and passed throusgh a
Dowor--50-hydrogoen column (% x Ould Omte ) s The colwan was

Wﬂﬁh@ﬁ un%at mil thoe aut$vltv VIRAEY ?ﬁm@?ﬁdjaﬁd the e
Fiuent and ?uahlﬁgﬂ pluu pyridine (5 mle) weve taken

dovm o drynoss in the ressbtion vosscel 0 be used Lox

thae phoesphorylation of the uh?MédLﬁm;

(0) Pha puamp@@yyiatamﬂ az.ﬁhymxﬁina bo TR e vwith Gﬁﬁggu

Phymidine (8 mnoles, 404 npe) wno dissolved in

Ypyriﬁimm {10 ml.) and P3&n1mballaﬂ 2=cyvannathyl phose
phate (1 mmole, &ﬂ~thé‘pyridinium aalt, prepared A

deseribad above) was added. The soluwtlon wan ooneenirg te-
ed to an oll Jn vacuo at 46% and tﬁﬁm anhydrous pyridine
(10 ml.) wan ndded anﬂ the mmtm%xaﬂ sgain conoontrated

S0 AUYROBSe The process wag vepoaied once wmore and the

veosidue wog disgolved in enhydrous pyridine (S nle) and
DeE (620 wmge) added.  After 30 winutes ab room hempers
ature, concontrebed ammonivn hydroxide (10 ml.) wag adde

ad ond the sclubion warmed ob GoY

Tor 1 hour. Tha
reaotlon mixbure was eonesutrated o dryness in veeuo
oud wahor (10 ml‘) added o the ro *iﬁun The resuliant
solution wos Lilteved to wemove dleyeiohoxyluren snd

the filtrate (25 nl. inoluding vashings) ves applied 4o

o eolimn (2.2 % 16 one) of Dovex-i=ohloride resine The



aolunn was washed wiﬁh wobar Ho é@m@?@_ﬁhymiﬁiﬂ@§$¢$1
o hﬁ?@mhlﬁﬁm naid- 4o d Zf%pii G orthophospaabe {Z?'f)g}
end Bhen with 0.08 ¥ hydroohlorie aeld o h?éﬁﬁ off
e fj’?"&iiP"""u Abong B0% of the thymidine wos {,n.,mi::mmi

% q m s " . o
2 ,,.,am a ﬁ;ii“‘a,g vield baged on 8P~ "3’ Gore thon

'55_

B TR

Q0% o bﬁ@ TP produced by this method vwas the 5%«

%:ﬂﬁﬁf&?Va

(2) Prepavation of ciw’“m:‘ia,‘im n'i:‘:t,phmt}}mw Prom’ TUP®

N

Faopehovylationn VFr“ maﬁﬁa@a oudt ueing ke

'3

tuze B (poe &ﬁé%iam 5&1);an@ the products purificd by

;L ,

Mebthod IT (see waaﬁigﬂ e} e Tiolds of pare thynidine
seiphosphate of up to 60k have been obtalned. e
apesific netivity of the Pivhoophate was aboub 1.0 =
Mﬂg vﬁm/hmﬁla ap dotomeined in o Winﬂawlasa gog Tloy
mzmta Pe |

ST ﬁaﬁiﬁiﬂﬁﬁiﬁn oy tho GEP ?rgn&raﬁi%ns;

T order o obtaln CER of higher speeific
aetivity the lebelled vhosphoric seid wsed in the
proparation (voe seotion HeG, Mothed B (2)) was voniaoe
ad by o mixture of very highly radionotlve, caweles
freoe dlsodlum hydrogen ﬂhﬂ?ﬂhﬂ%@ (Pus, Iy From Tho
Raddionkoninal Centes, Anercham) and nnlabelied phopphio-

¥ie poid. In this way phosphate with o gpeaiiic

sotlvity four Fines thad obitodneble ag phosphorio acid




w O -

wos obteined. Dy using thiz technique ORP of very
high oetlvity was obtained and thymidine tredvhosphote
with & apaeiﬁim'aativitv'uf DeD X 106 epn/mole (windoge
Goss gas Flovy counter) eyanthenisod.

5.8 HediFfiostion of  the wothod for the ﬁ&pdﬁﬁb&ﬁﬁ

of deczyribomueleoside trivhoosohsbos from thelr monce,

(e auﬁ‘hiﬂhe? phaaphates, on bDower-lechloride resine

In recent propaiations of labelled thymiﬁine Lo
phoaplinte the %tep~W1ﬂﬁ elutgwﬁ gyatem deporibed iu
Mevhod 1 {e) was r@plaaad-hy a single nixing chewnbor
gradiont olution sysieme  In this system a Q0.2 §
Tithium chloride solution wes rum into a mixing chombop
contoining 001 N hydrochloric noid (1 litre for about

1 mmolo of mueleotide naterinl).



ye

Ge.. Hosulis atmi D sougsione

Held Drop-eoation of TTE 'E:sv whe nathod c*esa(,,mhmi by Smi }

R AL

& Khoronn Lo Al ’,:ka (Brat iy e and- hm"zxz e Helte' de Aww

Choms  Hote " Zi.é}ﬁa’%, 80s 11413 Sa E}E?:G‘t‘ﬁ.m‘lﬁ' Sed ond Sa2)e
Vhen an &i*ﬁ:isamy% was nede Lo 3}1*@};&}&3:{3 ‘ ,té;“j;‘:if’ by thig
mothod z&s@vé'ﬁ.’&l difficulties wory mmuunt‘wfd.
TP i Hlxture A wvas sheken foy 48 bhre. and put

through E«.s*i;m;qfs (sﬂ and () oif Lhc fiﬁi,%*i:a & Khorona prosedura.

.E?izumrx o scbtompd wan nade ‘tﬁ s*ﬂmwb the deookyribonucizohid

ﬂ,mﬁ@mtf} Ay ae deparibed i atep (), it wos found that
s:mZ! N GG,"? P05 of bkw vm terlal was adsorbeds  The addition
of furether small a‘-.s.muum;m. of ohmreood Ald wot improve npw
;;t‘;?s:*;:zce*i shily the amount of ﬁamyw m‘;xmﬂiumﬁde materiod
ndoorhalds - I‘?s Ws&m;a%a deaided %:.@ garey on with the purdiicailc on
despide Shio l&'}ﬁ"& 0L z:s«.r‘c:ezt'm.l and mw Horite was trontod
with § (‘}‘}i ethanol/al nmmonia solution o clute the desxy-
ribvonuelesildes, A% this siose troudle arose due Ho Bhe
fornation of o m.,,mm:!. oharaond which eould not be ronoved
by eanteifugadion op Liltration, oveon through Celite. Phn
eollold van procipitnted by blowing air through the ouge
ponaion Tor 5-10 minutes, bulb having to roesort to this
popeatedly ".?;fé:stx:':m;i‘.‘:}mut the elution wnde the wethod wvewy
vedlous. The deogyribonueleotidon mm oventually et
eé. in about 80% yield end concentroted to remove c*i;b.:mm

oand aunnmonine YWhaev ti.m «'m'm‘%; L031 ’beaesfmcm gonocontrated a



o PO -

Nreel e wig obtadined, which Aid not redisaolve on

who od ﬂ::a,u Lon OF mowe. wators The naterinl wes Siltored

GiE and Wontified as DOU. The f©ilivadteo wan chromato-
ﬁ hvn 33} UQWPkwlﬂﬂhiGTIdﬂ a6 deﬂari%ad'in’ﬁﬁep‘(a}

o8 HMethed I (s see cooblon 5a3) éwﬂ she P97 Shus isoloted
&mkg&@%&ﬁ o otep (o) of the mothod of Smith & Khorana
{soe ﬁmaﬁieﬁ BeR) %0 romove %h@ caﬂtaminﬂtinz Tithium ehlose
KRLLA P Duwlng thig }rnuadnrcg h&“évorg it wap' discoverad
that 50404 of the mrmnhaspha%m WS n&% prwmigmg&%ad, bk
J“maﬁn@ﬁ in Lh@ waber,/methanol/ aeetons nix tﬁfﬁ ‘The
p”ﬁﬁ&ﬁju&fi obtained wos weshed and dvied oo deperiboed,
B0 pilvn @ :golﬂ O TTP.of 18e%55a

In view of the difficultion oneowntered 14 woo
d< plded o oxenine seversl slops of € '&1&’3 ;:11@5,531(*0.{1 on
prosadure o see 1f they conld He lmm“ﬁﬁmdc

He mhu iopito A progedurce

Phi: chareond umﬁa'inAﬁhiﬂ ol W$» a@mmﬂy@L@1
Horite A whieh had been o le nﬁ for 6 e with 3N
hydwog hiwxsu &uié, wauhuﬁ vidth wator 111 it'wam ﬁﬁutyalh
then dricd ot aso overnighte Undng AVP ag n model
@wmpﬁﬁﬂ& o wﬁﬁur)hiva gappeilty of thig Nmriﬁ@ WELE
deternined as deserdbed in secld on Balle It was obserye-
ed vhay pi 2«3 proevided the bost conditione Lov adﬁﬁrpﬁw
ton of nueleotiden. The caprelty of %he‘mﬁarmﬂal under
these conditvione woaes found 5o bﬁ almont identicnl o CEhas

used by Salth & Khorana nna go the Low npereentage ads o



o T o

iﬁﬂ_@hﬁmxvuﬂ during the purifiontion provedure remaineﬁ
unv”p&m H;Qu C o Sinee e telensbutylonmoniun phoaphaie
propont s the solution feom whieh the nueleotldes had
0 bo adeovbed, nighs ba_rﬁmp@mmihla'f@?~ﬁéﬁdﬁivitaﬁing
%ﬁm chevaotil,  t he adserpbive capoelsy of the charconi
wmc.da%@ymiﬁad iﬁ‘tue prepenca OF trimnmhﬁtvlammanium
phosnhabe at Yhe concontration at *hzoh it aaeurrgd in
the reoed slon mixtare (aﬁw aa‘tan &;&)a Thn‘aﬂﬁﬁrptiv@
a%va@ Ll vas ﬁoumﬂ t0. bﬂ roﬂusnd by 209 bui nlmhauy&
thin ie a wjanliiaan& dac?vﬂﬂ@ {iH &ﬁma ﬂoa xully-axplaiu‘
e ;uv4vﬁ doerease in aapm&iﬁy gupariencad 1in prﬁsti&aa
Phdn dabber ﬂeéré&ae VIl mrdbahiy dua 50 tho combined
aidced of hhﬂ i*lwnwbuﬁyjmnnmujum pﬂﬁﬂpﬂ ta-anﬁ el ol
oF pyeridine which hod not beon W@ﬂeved by wtop (b).

&7

wuiw.ﬁlﬁﬁ¥%m1yf eould bhe ovsvcome by carrying oud

e

the iﬁwi“ @p aftor Lhm {Ql“*iomvﬁf,th@ trichosphste

oI Umxaxniwahioyidé anﬁ “Gmﬂ%@i o biﬁlgzur by paseing

the ¥ aﬁuiun ﬂalumion QHE%LK &iﬁ@& “uuﬁ (b) Lhrmuﬁh 23

Do Qe t0maodium ol ﬂnd.per diﬂ Ehﬂ Norite wisp

on vhe effluent.  The Tormey mothod seomed o ba the
ginplen but when this woe srled the ﬁe@mr&tiom chﬁainéﬁ

on Devier-1l wan not good, an&'swjﬁhe lovter procedure

was pdopieds  Under these nﬁw Qﬂﬂﬁluxﬂﬂ“ the adsorpiion

of the deogyel Ibonueleotides onto ﬂ@wium-wuw vivbually 1009,



on P& e

Tho c;z“!,‘u'{ ion of tho f‘taﬁwvi’immw‘l aotides Trom
"zriw ghareoal wan aleo wwm efs  Wo improvemant in the |
poresniage weturn (pbouht 809) eomld he achloved, bhut
14 wran Lound "?shﬁs.ﬁ she olutiag solution of Hoehh ol ol
(Hooht, ".!f{_a Tey Zomeonil, FaCe, Htophonson, Mol and R
Julle s Biole Chems 1958, 295, 954) whdoh io 704 aguovus
gthonol,DVeld B nmmonis 41d nok ,{;3;'3:&?:5: m:sllﬁiz’im, charoonrl
pud sy was preferred o the S50 nguoocus ethenol /260 srmonin
Loymorly uwda
Ge3 . fhe removad of Idthiun chlovido.

(g ss‘izuﬁyﬁ,m. ‘thm }}rmaoaum L‘! s f‘mmﬂ, t"hz:w tiw |
pa;\:r e ik akide: m‘i‘ the total deoxyribonnelieoside triph ::spﬁza% ¢
that won _pr&mi@imwdg 'tmr':! ﬁﬁ fa‘r'c*m.f*"m with the smouat
s’:"‘ wokow o *’3*"”:31’{"@ Ie 'I:-Im 3,1'?'%11111\ ("x‘}ﬂ.m"iﬂ@/ Baed mmwp}z
sﬁf}i‘h’tm on e *m‘!‘ cmnmm'évmted ko o ey ‘E“hinlﬂ fyrap s*
pach as 50% 0 ’t-km imiphmm’w'tz wvould romain in the wn b 23y
‘methan ol /acetone solution.  Hven under idenl eonditions
oidy 708 of “t;h.a totald triphosphate w'em- procipitnted,

_ n@vwnl__ other mr{gm'xia solvendo viere *.*M eﬁ in pleaa
of "tziu.. mathanod, /mettmn miwmw pad the 'ism*l, of tlm 30
wos found Bo-he ahe m?zzte alechol, I concentrating
the Lithium chloride/4riphosphote mlxture fo oven o

thin gyrup ond adding 12 volumog of shsolute aloochol,

“{‘3«-»80 v of bhe wﬁmm«;mm@ aonld hoe precipitated.



TG

fi?i_m}}suﬁ h.f;a,tfi. the added advontoy 0 i)\?(’ﬁ‘ tho m%hmm 1/
neatione, of belng non-UdVe evbas »:'::w‘%xmas. This meanty
thot the melootide content of the nlochol aftor o
Cprecipliation conld be chaolked &1%'5;{3%3@?’@.‘ |
in \5' 2w of the above findings the method of

sl & Khorane wag modilfied m pive Hethod T
 Ga4  Hethod I (see saction Eu. %) e

() At the. end of the wonotion time the mixtuce
wos shaken with an ogual volume of warter 511& ‘:i.t,-a»f%s Tor
';'_fri} ;11;111{&:@&3 ab 00, to eneure the complete l:t&cem::«a*&l of
K181

(k) As for Smith and Khorann procefures

() i wnmbu'lz ylomine oad ;‘:wm ine were i."mﬂﬁ‘\i’@’:ﬁ [3)'s
vaspage of the mﬂ.wﬂsiaﬁ, wmm«m DO (“b), tiwmg;,h £1
DOy Wan e GO oG L LMy aui asnd g wil uh mﬁ;{z:ﬂ

(d) Removol of inorgew ic x»gwmnna o bv adsorpbion
of “he | s}m:;yribmnwleati&mz. on Worite A ﬂmi 40 b N,
with 708 ngueons athonol/Oeid H amoniae

() Chromatography on. ;“(’Jmwmm1*»(33"3.1103}_‘1&@ ag in the
’535";‘;2‘5.‘153.'2 & Rhorana m*evafmr st Wl ,,fn, the anpropriats
change in elubing solvents (see soction ‘3-‘5&) .

() 31::1.’%;&1:&1;1331 ehloride wos f‘-:;."tfn‘s;s:ww;'i y hr{e& 3L B0 ‘ﬁie;n
of the 1ithium salt of the $viphosphase in 804 v @Ja

with abeolute alecohol.



« '?11 t:,’,

(2} The Yithium onll M the '~i oshonphate wes
nwuvﬁ? bed o tho Kﬁﬁiﬁm.ﬁﬂi Wy nﬂmnnwo tb@augh Bﬁwﬁww
Glesodinns  Thie stop wes aecosnoey hﬂ.awu@ 1ithium
sone hed baon shown o hove an adverno ea:é';‘i"ec}'t on the
UOIA polymerase® nnesy in which the briphosphates
wore t0 be naeds |

Witk thio nethod sovewal :me:s(:ri ﬁxl preparatlons
vora vovloimed and hriltiumelobelled 0P WO obbnined
in B6% yield.  Sinee TP wos supplied nnmmmrcially
ao the ddsodivm solt 41 wan neoec sy haforo onch proe
parD éi B0 convert 1t to the fvae wold by pessing 11
theonzh o mnw@xMﬁcm&yﬁrngeﬂ~¢clumns_ ﬁfhPﬁ OB ond
GEEY wore nlao suprlied sg the ddsediun enlis, bub
booouee of tha nrosence of ?in@ e ing-gy auﬁr they
nihore o ﬁawwgmﬁawhydrhgén“amﬁ g0 wore less ?aﬁéily
eoverhed to the free acids (the Twoe pelds conld he
abtatned by coaverting the sodivm 4o the barium oalte
o Depeme-Si-harivn and adﬁiﬁiaﬁ cm paninolsr amnonnts
of oulphurie neid.  The boriws sulvhnte formod io ine
golubla and was ronoved by centrifugetion).  Besomnoe
of Ghio, witanptq wore nage to venet those nueleotidos
ng the sodiom ﬂﬂlﬁﬁ but thely solublity in the wasohion
ais e woo oo low tth ?iGKGW WG Very poor. By

ineyveasing the ﬂuﬁntitine of th wokonty to donbhle the



75 e

o

geounss used ’i;‘s,a Smith & Thovons, whilo keoping the
g on e e:;x:;:;;r:e?:i.‘%mms::1@t}si{m wonoshoaphate (o8 the
diuoding sald) the seme, Low | itk worelvihide yilelds
shimdnnde  That is fo

2

PREES s(rj,mhms waide of ‘i};;'i*v}a».e}gz 30 - 200
woens abtainode

Ta view of this U wvan Sbhoughd thot an davestie
getden of Yhe veastion mixtore might be wobthwhlle and

po various triadl expevinents wore underinkone

»1; ¢ penobion.

\A“ METIRIRE N anth‘ e

e un Beded oxpoviments bhoe

srdmburen wore Inoubhad w’t For bodween 42 and 48 hroe,

pah theongh atonn (a), (D) snd (8) of Vathod 1 (soee

pocdion $.9) ond then spotbed on chrorebogeaphy paver,

Bognther with the approprlate mavkers, end ron in Lim
iy ente *‘efﬂ‘* wh for A8 hes.  The popers wore deded,

T Ay

and tho rewleotide spets Tooated in UsVe 1iahu. Hed#

"y

TEX

»

whe paper wes ddpped w0 dedact phopphorus contninlae
vha {aoe e e.:i,(m 27a) nnd 1n the other half dho UeVe
apobs wore out oud and elubod with G0N hydrochlovic

ol L0 some cxperiments ayean covrvesvonding o

soots eontaining novsonde Selpolyrios “; a0 WOre ol

'
\

-3

i

Cnly smadld smouwnte of incrganic

.
o
o
5

~
by
=

e

i,
:‘4
ray)
e
%,

N
ol
-
,gw
s
2
o
s
i

5]

LY

aprthos and vyrophosplinves were doboeosode

€
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D S ik N,

GuBu  The offeet on tho yilald of melecoide teiphopphoic

of deew the patio of the mweloouide monephosphoi
B0 the guhor oottt .

Al {200 pnoles) wag ghaken Lo 45 hioe i1
miniuyres ¢ smi: RINING one, o s:—xz;d vhree times the
que RIS ﬁi The ronelonts used In the Smith and
Khovons miyvture, ond tho wreculding produets nnalysoed
£4fs ue‘ﬁ@.hnﬁ in Sesvion GeH The resulds ave chown

Sa

I8 was aolear from those Cilguw that by doubling

1’

‘.1 x

e anounts of the yesctants while keeping the waound
of nugleotide the pome on imﬂﬁﬁv}& vield of the byiphosw
phoate gounld be obbsined. The furdhor small iacrease
obinined by noing thyeo binmes- the repoiond Quan%i%iea
did wot coeon vosthwhile dn view of Sho dnevosogod dne
oresnle teipolyphosphnte Tovrmatlon.

This oxpoeviment wan roposted usiug THP dn place
of AuY and the vesulis ar&'thWj-in Ta&la 8s  Unge
agodin doubile the qmo abe of %hé‘raantanﬁm g#va-the oot
sasinfpatory r@muiﬁﬁs
WHLM SEHPERINnoOt wae ﬁag ated yebt agoin wish

Al and the recalbo cre ohown in Yeble 9  The figuvesn

.

Indionbed ogedng although deos aﬁauivﬁBV, thatb o

ronetion niviere containing double the cmounts of the
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Table T

The plieat on the yiedd of ATV of fi{%s;% veasine the wadle

Fe

GF AR Go bho ouher sonotunbb.

Heacaflon alxiaves, £y {(2) (5)

AW . &UU pmisles 200 pwmoles 200 pmolen
B g 1 fui;:;f;i,szz.;“s:sﬁ,mf; 1aC mde .0 mla - 3.0 ml.
pyridine - . 4eD wle 60 ude B0 mle
%:55;3%?? phoophoric acdd - Val% mi RO YA 3;13@ 0eB4 ;ﬂfﬁé‘s

; H (i ' l 2 & {)- {{,(”ic@ . B *’% &4 #itls 6 » 0 {%‘;33 ®

vore ohelen for A% e, at voom "%;@?@gﬁ:,w}m fm*m «  On snelyods

{ooo soedtion 6.5) the followinr vasuldsn wers obtained

wae oot botol adenoming nuoe Xefm“i G racow ""‘i%;*,

AL ADP PR - M. gher m’*vis@mm;é
2 ~ p.kmfgpn,mf ‘

(1) 11 Ge 9
(2) 10 T TR 11
5y 7 5 e | Y
() (2) (3)

pireles adenosines
melootids yeovversd  LG0 Xest 193

prmoles inerganlo

Tripoiyphoophaie fomad 6LG _ 108G 1640




Tabln B

“hn eifoct on the yield of wqv

LT I XY

¢ unaamGant tatss s w6t

u {\;f\i“ﬂif‘m S 3 1,1.:3' 'i!}f 3‘%‘{;" (,'«@

[Tt RN LN I T

of T te the other mapeimnin.

Hepetion mixtures, as in Toble 7 wiﬁh TR in

place of AP, were sheken Lfow 45 hvrp. at room tmnpwﬁ"“

EEIAHIE NG

snd onalyued (aee seo uiﬁ}:z. G5 to give the follewing

ot

wopults

por oaeab ol total th pru LT nm:.‘*’,ﬁwhd POCQVeRat

ey L L PR h,;*..ﬂ:hf:si*‘* thymidineg

nhmmm HOR
(1) 0 20 . P,

(2] 9 15 76
R4 0 w7 |

P i
ne
s

Vb

( ot

puoleon thymidine anelsotide
anivered R R 195 1Y

pind :

) 350 1870

090 Lo TO0 end 0,040 Pop

ety

HeBe In thio and sucoseding tables -~ slpnifies that no

UeVe obumorhing materind was detectode.
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Ao eddoet on the yieldd of 40wy ol do :Dauhiﬂg;%hﬁ tahilo

Bl LEES W&
of qUi S

S

fhe i«xhi‘ o 218

-..s _.‘v“

3" ao a8 gk [ s ol =
saachlon ndeharens, o dn

o M ey L R
ninas of AT,

I et o il F g - 4
andd aealysed (gee sl

Ty DI o %
e lis

e

kS
e

able 7, with dCHP in

dlon 6.9) Lo g

vers shaken for 40 luw. of room demporaburs

ver the Tollowing

par cent of botnl da ngoyu Ldine nuoleotide
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incyganio pyrophopphate repnined on the Noelto even aftor
twiee the proseribed mabher of weohingde Thin diffevance
in hehoaviour bebtugen the Horlds wwed by Beosman ¢b 2le
and she Nopdte used in this work 1o not surpeising sinse
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anounne of the do i‘}.t’i?"**"i,'i}ﬁﬂmﬁ“ .&,;:%amiﬁ* SEiphosphaton. The
pathod wer a0 vardebice, however, thad 14 vas abondoned

Yot
e
"
b3

Sy S b
yadure Do

e I '*i:rs:ﬁm?"ti’ 3 13

t.e\. '&s"\ty\ﬁ“&kit Y TR W

(poc meetlon Be7)e
b o SFUIT UAEPEAO T A B

ST oy IR

Lt

s z}hﬁ,&‘s methed DEA Labelied with € troted thymidine
{084 /PHReH", ovo oo i‘;z.sz 5a9 woe aneubaded with wn i,,.,ﬁ.a‘,,.}lu‘fa

dncvgonda pyeophonphate end $he sppeopriste sdditions in

owbracho of Bholioh soeddon btumoviie Somhies of the oold
gotublo fraoblon (teuwbroliced) afior dincubabion wer
ahmonasoprophed on ;m’w with PR, PR and TDR mavkers

1 the aswmoniun :u: c':}m,t 53-:«“&5; bo molvend {noe ceovion Re6).
‘.K?E:s,v::a onotg thus obbained woers o ik t{i:ﬂflﬁ, clutod apd sonplos

of the oluabon covnted in o windowless gos flow counbor,.



Table 195.

fvidence fov the pyrophosphorolyeis of DUEA in orudo

oxbracts of Bhelich aseitey core inomnn.e

n“us
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Complete syotom . LT 0489
"o 8 - ) o . . f 0 %_“f:l
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" 3] W I TIR™ 5t 080
Qradl 't Inoveanie yyrwph@mmhﬂtﬁ* . Qe 76
i 0 ] 0.68
Ol t owmtrney (1603
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The complete systen containeds TP, AATR, 4GP and QoL
(% umalew/ﬁlﬁ soch) , DHA (Bhrlich aseites, 50 pge/Ml.), Mgll,
(5 pmolesfle), tris baffer, oH 7.7 (100 pmolos/ml.), 2«-noreaphios
ethanol (lpucle/mls) , inorgoanie pyrophoesphote (6 pnoles/fle,

E“' -+ N
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2 lopge omount of riboanolootilde, nbowut bt
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¥ Inorgonic pyrophoaphate wos omlited Lrom tho ine

~evbation nixture but added to the cold lnoubation
wizture after incubation end imnodlotoly before the

nixture was deproteinised.
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Ll‘lutat

SMJS
wWool,
Dowex-1-®
resvnm .
rabben
chp. twbing.




o L
Ty AATD, 4agWP and aCgwP wmﬁ applicd Lo o column of
Boweme-lechloeidde  Phe o lumn wos westhad with Oed W -
soddun eavbonato solution walil no fuwfhvw mﬁuiviiy W
claved and Shen with fncrecsing concendrations of ommoenivem
wiearbonate solusion 111 ail d$he WV abporbing malterial
had besa oluteds The O M onvbonate solutlon renoved
edd buk G.02% of the ilnorganic pycorhosphote potivity
end LW mmaondun Blearbopote oluted all the triphoophates.
Anmowive Diecarbonato was uged o the fing 1L Gin"&n{
solvent beaause of the saso with which 1% could be ree
,mﬁvﬁﬁ"ffom soluiions of the teivhesphetes prior o papay

ﬁﬁrﬁmat@wy&why, by vacwun distillation. i bochniguae

Wi poread &rnacauvu € and y doveribod dn ﬁﬁuh¢ﬁn 8T
!:; ‘?
At this timo Eallnmg uuing P pninbelled inorganic

pvmmphﬁzpuﬂ te (Bolluim, #.J. Jo Blole Chems, 1960, 235
2%99) ﬂemonetrated the pyrophosphorolyais gf‘ﬁha in
the prosence of a partially @uwxfiﬂa (about 50 fold) DA
polymerase fraction from ealf thymus glonde.  Under
aptinal conditiong only 0.08% of the radiopcetivity added
a5 inovgmie pyrophosphate was rocovored in the deoxye
rihonueleoside hriphosphates. This suggested that i1t
might bo inposgible ta doteat pyrophosphorolysis in cerudoe

axtirneto.
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¥

’mpv‘mwnt (8)  An experiment we x,s m;:;:“;\é?ic:d out, nsing
pronafuie O, h#*vvny in which the TBhelich tunour extroct
wos aesseyed ab 60 ond 120 minutes Tor the ability to
prenphosphorolyse hontdd DU . j:fi‘.it’i%tﬂ:m‘i‘;:i, on mixbures cone
%uiﬂ@ﬂs BHA (heatedy 200 1o /Tla ), h;ﬁlﬁ (5 pmoles/mi.) .

o

""!

3 bulfor, pH 77 C?(’}G m‘m“ws;’;} vy Fmporeapbosthanol

ta

(3 pmole/mle) hmr{mmg pyrophoaphate (30 umo]m/ﬁlqs
gnd erude Fhrlich nseites tunooy cutrest (% mle, 10 ng.
of protein) 1n o fined volume of 5 mi. Tho 1’31‘?_}:131:13:*@3
vava Ancuboated at 57@. Tnoeganic pyropho :spm e wan
oadttod from the conbroise. o avideone for the oocurs
ponae of ?}5?:;;*:::13}’1m:@imrﬂlyﬁ:i,s;g wog dhiteinaed. The controls
which wapresented sboub Q. 025 of the vadionotivity added
were obout five $ines ao high ap the togh ‘mmeg.

Due o an infection in the rzir*gaartr;amml novse colony
ne bumony was mmml.ahlm ok “t;n:!, s hine and “bha' gxpariment
o Ropen um’l u&xl&m, rabbit thyrue honogenste (seo geetion
Be2h) im which TNA polymerass sativity imd nleo boen
Qumonatrated (8 mel‘lﬁe, RefleBey Kodr, Holle and Davidson.
Jolls Blochine Biophyse Aetn 1659, 355, 589 . Incubatlion
mizturen woere made on the basio of the mixdture used by
Bollum and conteineds DHA (heated; 500 pge./mle), HgCl,
(4 pmoles/mle), tris buffer, vH 7.7 (40 wmoles/ml.),

inorgonio pyrophosphate (5 pnoles/mi.) ond rabbld thymus
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hemogonate (05 mls) in o flund volune of L nl.. The
migtures were incubated at ﬁ?ﬁp- Inengante pyrophoaphoie.
wae onlbbed fram‘%ﬁa~c&nﬁr§lﬁ@ - Identical resulte woero
oheninad, in this oxporimewt ( Bxapoximent (9)..
T4 was thought that thie digevepancy betwean the

Chestn and eontrols wisht be due t0 converslon of inorganic
pyrsﬁhmﬂphmﬁa Ho orthephosphate duedlng the incvboatlon.

The cordhophosphate thus Eormed would be more easily
veoved from Dowsx-lechlovide then the inorganic pyrow
phosohnta of the controls and so vory low test values

wonld ba obbtainad.

seposimont (L0) Baporiment () wnn repertod pt an
immfgamiﬁ pyrophosphate concontration of 30 pmoles/mis.

»

le0e B times that used in the »revicus oxperiment, bub

ul

Tmls

L tho wonults obbtainad the eontrol veluen wero agnin
aboud five biwmes highor than tho fents. |

ke 811 the proviouws atbompto g0 domonetrate the ooe
gurreonse of pyropheosphorelyoic hod boon unsuecessful 1t

wan deelded to by o demoneirate ibe ovcuryence In o cyude
axtrocst which had beon shown ¢ be sapeble of pyrophog-

Cphozolyels whon pardinlly. puelfiod. Galf thyrws homos
gonnte wan chomone |

Brpariment (1) Jelf thymus homogones tey prepared as

deneribed in gectlon 8.2¢, vag sosoyed ag in oxpordments

(1L0) Ho evidence of pyrophosphordliyois was oblained
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Bha c’}ﬂ“«'ﬂ;'&?f‘? £ n@ ing ®ix or .more tlpes o high og tho test
valnom.

This exporlnent wos ropesitad with deoxyribonueloo
alde trivhos ahi, &;rm f:s:miz& o the -inm;’i:eemsimm mixture ab
the o a}_mmw*"‘afa’lf}:n' nood by Bollun dees 40 meaoles/ml. buk
e vesul isfa abtained were tho éz‘mu‘;} an hofore, it vas |
FRNAS o vopanded using dhe loviexr imamgﬁ.n:m PYTO] phosphate
ponecnbention wsed by Hollun “i@m 655 pmoles/ml. snd
addad dooxyribonuoleoside ﬁ&?ﬁéfyﬁ?ﬁ&?ﬂfghm‘%ﬁt}:Eié but the results
pare unehangode | | |

From e 3 wonulhe f:s:z. “ﬁimsm fmmrimmnm' it peened
slome Shal A% wounld net bo nonaibhlo Yo degent the nyro-
phoophorolysis of DHA din un}m‘.z.?:‘i:éi’:mii' tlosus extracts and

a0 Bhin worl wos torninateds
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Le The abililty of ewilnacts of Fhyllieh anclten carcinomn
0 phosphorylete deoxyriboaueleooide wonophosphates was

.

ghndiod with o wilew o wing whig oyatom o8 n neang of

‘

!)

propaering the deoxyribonuelooside inhoanhatocs on o

"mz

larpe ponldo.

2¢ The exitracts were found to be sa.?’él}..e& o convert JdANP
B0 AAE din 605 - 80% yield :;i(, {ii‘%z,‘P w {im t’ in 500 - 6 Qg
viald, AP bo 40P in about 15% sf:w.“'l(i and THP to TIP

an abeuts 19 yield.

e

Fe A podhod fow the prepaxatlion of dATY and AGUP on 8

E

S s vy TR oy g e [T S - PR A 51 S B ey g
levge seads, using evtraets of Theldich asclien carelnom,

de WU was prepared fpon TMP dn 8% yield by the method

gapariied :,agr Smith ond Khovane for thoe vropavation of ABE

P T ¢
Teom AP,

2a Any dnvendieatlon of the riplDiesiion led $o poaveral

Anerovononts,

e Mhis loproved mothod {(MMeshod ) was used in the

p

ipodation on TV —zH) prepared feon “‘”s‘l’wif by whe method
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con wrrl nh angd Khoronn. Anowvvorc UL yiledd off By waa obilinined

&y The offect on the vield of deoxveibomucleonidn tvie
phoaphats of degrensing the catlio of the deowyribonuolisoe
wonophosphrte 4o bthe othor congtitoentsn of the reaotlon
winture, wan Invesuignteds By wiing vonction mlxburas,
fnvolving Wwice and Thyaee Ulnes the smouvnts: of the

ot W gy F e om el 3l ks wndl 1T massrinmm 2o deda o ' - avrethe
penaboats used by Smlth and hoprens for the somo amournt

of deonyydbonuelaoside nonophonnbate,, srently Inproved

the deggyrivonueleoride beivhoonnhates werd

B lhe offect on the yiald of domorribonueloosilde trde

"

phoaphaes of pescving the dooxyrilonesiloesids nononhoanuha be

tu the form of the dpien-butyionnoniug oolt inetead of an
whe fras sold was oluo studiad, SELLY Duethoy imppoyoe

.

monkn bn thoe yvieldn of She dod payribenualeooside tiiphon shnbos

PP wan converded o PR In 92 yield,

’ * FIe / y N
G yileld, ANyl Go i 9206 yield ond

PG e SO A T30 yields

O A chmyeondl colwm procaduprs Do the simnltoneous
vopovald of Lithlun ohloride smd luowpenie polyphosphotes
Lrom tho deozyeihomeleonide teinhosphabe aoludion
obhoined afier o lon exe ahie QG s chrowo bography wan develovned

AT

and dncoprporated din Methed U glving Method 1T.



propaved Tpom Bhy: sl ;'i‘,%,; 6 by she mathoeds
off Buprelie and Yoneye

fle  Tho WP a2 thus obdadned wos converted, via tho trpie
nety doomeoniwn salse vo T E I TR S e::}J and vha '0PF
faus Poraed feolnbed by Mothod IT 4o 70% yielde

Mgy nag_:im:i,ma am*-:?.v; Ly m Bhe TP thus preparad
was a0 % 1% 3 1 0‘*’ (;"Qm, psz».me A slight modlfiontion
of Ghe Tenor procodure pove ‘f“‘i} o higher spooliifio
aatlvlsy Oeon whilol '{“t‘%"* vl ak,};t@“:. A:S.i e a;z:um,, ehiviby of
B.% w 10 6 amp/umols wos é}’i}‘i&:iﬁﬁ}filﬁz{im |

rary £1T.

EATRIAAT R Qo oA

L3

1 TRy IR S L. % J- gy R ek L Faly . .
La  Atbonpdy wove wads So deponotrate the pyroshosphoyos

BT HOTEVRY 2 e e oy o , O] TN b ¥ ” 3 L. ey ity w Py
Lysds of DHA dn exteaots of Fhelich sscltes caveiunons
LA ¥ )

Sobellcd Anorganic pyrovhosphate and an

poalytiond progedusa in*@*e}l'v:ia:a{;; Th

. T T ) LA o e i 4 ., PRSIV Ut I [ SO Y P TR DI v
pyrophoseinte Deon dooxyoibd oot ieoside bel phosphinte o

*

ghareond, 40ilunmns. The yeonlbie obinivoed wore dneonelusive

heenuse of the vardiobility of the snalyileald peosoduyes

3

o AvGombia BO demonsvinie Uho pyroshoephowolysis of

DHA ine erude ond povtiolly veeliled e 4&%{;'&'& o Bhelich

P

aaelies corolooms usdng DNA Lw‘fssm&w ad with tritiated

@

Shymidine and anolysis of the deproteinised inoubabicn

wixburens by poper ehroagsography ware unsuceogoful.
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2 mq - - _4.‘;_‘, ¥ v gy o Fo R - v LR . ae . e oy o
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py“;nhﬂﬁnhnﬁﬂlﬂﬂhﬂ of . PHA 4w oxtracts of Shelich asolien

gopeinoms, rabbit thywuo glonds and enldf thyaus glands.

e
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