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: C O&&TOP?APP? OF LAFELLED CtLL LXTRACT¢

"flétrsduction; The pioneer work-of Caivinvand'his ce?!aboraters(io 2)

7. at the University of California oh the pathway of carbon in photosyn- - .

‘f»thesis, made extensive use of the techniques of chrcwa*ograohv and

"5_-rad1oautography fo??ow1r~ the feeding of p?ant wateria? with Tabeiled-

.carbon dwoxide, Ej &il?inq and extractinq the cells after various

. ?f,short 1ncuba*ion perieg “and awalysinﬂ the oroduc*s of carbon dioxide

‘?i‘metabciwsn chromatoqraphwca13y, thev wcre able to work cut GVQntuully

. ff’the who!e metabol1c patb by whwch the carhcn 1n carban dioxide aecores

: ccnverted to carbohydraues, carbcxylzc acic,; am%nn acida, atc, _In,

‘spwte of the power af tne vethod for atudues in intermedaary metabo]isw. -

| 1t'has not'been usad extensively, thourh studiea have been made of-the g .

f_ :uar% fixation of carbon dioxide}awd the wetabc?xsm of sore caroohy-
crate sub*tance; in cer*ain tis;ucs (3 40 5, 6) The Jack of use of

ghese technioues isvprosa 1y duo to the tcchnfcal cowplncations, which -

.. appear formidable unless peraenai experience in their use has been

'u:}nained It s the dbiect of‘this chamtef to describe in defai)lthef

i*.‘varxous Panipu1ations invaived 1n exnﬂrimentq of thws tyre together

o “f'w1th some remark* on wodif1cation¢ necessarj when different biological

"i tissues are used, and the 1ntnrpretat1ons of the findmngs, in the

}1lhoge that more use will oe mude of tne B wetzods once it 10 realizea

| "“.that the difficu?fies 1n»o?ved are not 1nsu erable._ . e

Anplirabiiitv and LiwiLaf?on" cf tﬂe ﬂethod " The chronaforraphvc

4:513tem to be dascribec 1% cawaale of seﬂaratirn fatisfactori!y on cuc

| ff'or two. chroma*crrams uﬁsf of thn substance° present iw the saiuble -



'ff- detected co1or1mntric311j.-v{ff
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 fj extracts of ce?Is w%ich are 1ncludad by the fol?cqﬁnq c?asses o; com- flif
: ‘ﬁi'pounds free sugars, suvar acidsa Pﬂﬁs@hatﬁ es;ers Qf 5“3ar5 a"d sugar ':'?
‘ 'f_:acws, carboyyﬁc acids (especwﬂy di= and t?'i"ca“'my”c a“‘ds)' enino
“:jE“j:acfds. nuc?eosides and. nucleotides and certaxn PUP7“9 and pyrimidine )
¥ Jf_;bases.' It must be stressné tnat tne so?vent systnms to be dcscribed
.  37Q‘be1oa are not necessarily the bedt for vaparating compounds within ench
| of t these classes, sihen- only sach substemcee are present in the m”‘t“"e* |
’}:17i7jifor this Durposn rnferunce shou1d ba made to the anpropriate chapter f';ﬁi;
‘*’fff;e!sewhere 1n this book Howaver, the solvents are very su%table for R

R f ;'achiev1ng a oood separation of mest of the*e comoounds whnn thej are U

| 3,fpresent tGQether 1n ena and the saﬂe cell cxtracu._ The systen 15 de-

,:"‘%jsigﬂed to be. used onIy for the analysis of rad1oactiva compounds, oaing
ai}{to the very qroat sens1t1vitj ef the d@tection techniques (e~0- x~ray

u;ﬁfﬁifilm radioautography. see p.-:;fj) whpn the compo inds cowtawn sufficient '34"_

4

‘Jﬁimfkamounts of radioactivity. It cannot be used whnn chemica1 detection
:VTmethods have to be emp¥oyeo, (a) because of the numanr of dwffnrent
'jff colour tasts which wouId have to be anplied to the same paper, and (b)

xnbi}:because of the 1imited amount of ce%l extract whwch can be. accommodated

».,"-

(2)

The chromatomrapnic rgos reproduced 1n ngs.‘I' 2, énd{3 shoﬂtheli

f?J'factorily separated tonether, but wncn a bio?ngical system i' 1ncuoated

‘”f'with 2 1abe119d substrate, 1&Lc1 is harcly lz?n}y uo be found 1n ‘the
same extract 1n al1 100 Papp@u substanc In practice, thnre is lit+1e

difficu1tj in snp&ratwng thﬂ 30 or 40 coqaounds wn1ch may he sroduced

.from a Tabe1led startwnq matert&1 in even a fairiy long 1ncubation nor?od.'l'

ifdfon one sheet of papnr. and tze var1ety “of comnounds which it contains' ”";

1jmany substances wouId ba prasent in concentra%ion¢ mucﬁ 00 Tow to be R

i'positions of over 100 different compounds not a11 of thnso can bc satis-



3

- i

These techniques are not directly appliicable to the ethanol-water

~ {nsoluble material of cells, and to the lipid components: thus fats,

nolysaccharides, proteins, peptides, nucleie acids and other larce mole-

cules cannot be invastigated unless they are first separated from cach

" other and then broken down into smaller units., Tha separation of the

large molecules from each other in a complex mixture is a very difficult
problem, as with labelled substances the separations must be virtvally

- (7

complete, and will not be discussed further,

Tissue Preparation

~ The metabolism of.labelied'substaﬁces by animel, plant and micro-
biological tissues, as.ﬁeil‘aS'by sﬁaeca11ufar particles, can be invas-
tigated by theée techniques,Athough'differeht_prgtticaT consﬁdaraticns
are necessary depending on the source of the tissue, |

Experiments will probably be of two basic types: {a) a kinetic

study of the metabolism of one substance by one tissue, invalving the |

taking of sahp?es from the reaction mixture at various time intervals
after addition of the ltabelled substrate; and (b) studies of the meta-
bolism of different labelled sdbstrat&s_by-one:tissue, or of one substrate

under different experimental conditions, Experiments involving the

 metabolism of one or more substrates by different tissues are not cone

sidered here as they may be regarded for our purpose as a series of

df fferent experiments.) In both of these types of experiment it is

‘necessary, or at least desirable, to be able to take replicate samples

from the incubation mixture for analysis. For reasons which will become
clearer later, experiments of the sort described here need small amounts
of tissue, and 1t 15 thus advantageous to be able to pipette the tissue

as a suspension.



The natura of the madium in which the tissue 13 usmended'féfofu"

:‘f;qreat 1mpcrtanc . Excessive quant:ties of salt mus t be avoided on .

3’chromatoqrams.' Once a tiésue is Ki]1ed and nytractnd it beccmns very

B deiffitu}v to aenarate thn 1noraan1c aalts of thn mediun From materia]e ;iyftx«~-“

in e b

. extracted fron the cells. e “5““ desa?tmg techniques’ (e}ectrﬂytic
. desa]tinq, or rnmova1 of sal with ion-exchanqe resins} can norma?ly e
’k':;not be usnd With the excaotnon of free uqars, nost of the substances"‘f'; o

' f'of 1mnortance in 1nuermedzary metabali ™M are uhemse1ves 10n1zed at one

’:3_-“ - 8
i pH or another.( ) Iﬂ prartice, sa!t mus» aither ba nnarlj or. comnleteiy

 :fabsont fron thp incubatwan u@d%um, or: elvﬂ the ti sue %ust be effcc‘ _}  ?fifQ?j

’;J ;t?ve}y qeparatod from tnm m@dmum bafore it is. kz?led and exbractcd

Micrn—orqanzsm Tnese organisms are uﬁOﬂQ tqe most sat1sfac»ony

"'j'tb use, They are often unica!1u}ar, anﬁ thu* nresent no problems of

Aji}sampTG replication.A *hey can be used as who]e orqanisma, and do not
“wﬁr{'suffer tno dawaqe sustaiued by the tzssues of a % ﬁ ar orqaq1sm whon fi‘{f;;;f? 
;'these are removed from their 1n °iuu Tocations and cut into sma]l nxecos,»
";fr'or otherwi*n wutilatod .any micro~orqani ms can be susp@ndod in diq-_;_;fﬁl
"”';ti}led water without showin; dnleterxoua effects.v Even whon salt is |
'uunecessany to provfde essentaa] elemanﬁs, or as buffnrf thp salt concgn-."'
',l“- tration for shgrt exporiments can often be ept varv IOﬁ, batwnen 0.01 M
'_and 0.001 ﬁ.tvﬂicro-oroan1sm5 can read11y be washed free from salt present

3- 1n their growth medium, and are frequcnt?y verv active metabc]ica?ly wnen

if'fconoared with the tiésues of higher plants and unﬁma?s.. For thaa reason
| ' ‘7;3;wxvery sma11 quantfties of cellular material are 211 that are requ1red |
-;i with a resu1tant simp%ificatioq of cnronateqraony.fﬁAnuj-' 

The . amount of 1ivinv matﬂrial in a <u pnnsion of m1cro-orqaw1sms is

’3¢onven1ent]y measured by deuerm7n1ng tne turb1d§ty of the suspens1on and‘s'
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comparing this with a standardhcurve of turbidity vérsus dry weight or
toiai proteiﬁ, or by centrifugiﬁg;thé cells out of suspension at a
”  ;5ui£ab1e speed in haematocfit or-graduated conica}'centrifuge‘tubes,
and'finding the volume of the wet packed celfs. I% desirad, the dry
weight of arpe?}et of wet packéd éé!ls of known volume'can.be found in
the usual way. The amount of material to be used in each éxperimehtai
amp}e wﬁl? dpgand on a numaer of aactors, chiefIy the number of chromaw
togram= to be run w‘th each sampi e, the amount Of cell extract which can
he spotted o'ﬂ:o each chm»‘}ato:}ram, a"?d w*uather g}oeratians other than
chromatoqrapﬁy are to be performod with each s awpie. The amoqnt of
}maaerla] which can be spotted onto a paper will be menticned again
~ below, » }‘ | .
, Filamentous éicro»organisms shou?d Aif nossfb?e' be pr@pareé in
.:_the fonﬁ of p@}?ets,‘or as suspensions of very short fi?ammnts, 80 - that

the tissue can be_dx pensed in a pipette.

Snimal Tissues., for reasons of‘samp}e repiicétion menﬁ?oned'earYier,
it is desirabie to obtain animal tissue in a férm which can be dispensed.
in a pipette. Siipes can be used if there ié ho.a}ternative, but to
achfeve randamizétion of ¢liced material several slices must be used,
and these cons titute a relatively 1arqe amounﬁ'of mét@ri&? only a small
proportion of which may be vequired for cnromatonranhv- the rest thus
represents a surpius. Gu*ng to the high cost of radioactive materia?s,
Targe excesses of the incubation material above chromatographic require-
ments are best avoided,

Apart from cells grown in tissue culturs, there are two sérts of

.animai tissue preparations which are convenient for the experimental

procedure under discussion, One is a homogenate of the tissue., Since



('.%fhas becn desiqned b/ ch wa1n and Cudd?e,
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' this ronta*ns a hwg}'mrapertion of oamaqed ce1is many m@tabolic reactiona

‘-&whvch depend upo” ‘the presence of .an. integraied ce?? architecturn may be

“”-g?lost T%e ather prcparat1on is tissue which h“s been s?iced Or cHonned

' '1'1n threa dimens1ons to produce smal] cubes or pr1 Jhi?e the outer-

' ‘f‘most 1“ypr of cel?* may have been damaged, 3era is a cons1uerab1e resxdue 

"“ ;0€ more or 1ess 1ntact ce11s 1n the booy of each. pr1sm.v A suxtab?@ chopper

0

‘Tlffeomsﬁa11, Surrey, anland. Br1ef]y, che machine. consxsts of-a turntable Jff;f
“"fﬁ,on which tne tissue ia p1dCLd on rcveral Iayors Ov mowst f?ltcr pawer.’?i“i

e whiic an arm hold1n" @ razor bladc (H??kwnson Sﬁorci 1@ brou"ht dovn

‘ shw*ply on the tissue and c¢us 1& througn. Bet:een eecw b?ow wvtb the.

*’ffi-razor b!ade, tha turn»ab]e maves a nr@-aeuerm,nad ’and adauatnble) dis— ‘ §  j

*'f‘tance, resu]ﬁing 1n a series of cut throuﬂh tno t1asue whxch is thus

'V:_.sliced The 511594 are next 3a1d f1at onto ancther pad of f1}ter paner, o

f<  and tho cHOpp1ng cpcrauion r«o%at»d agazn, thi, time 1n L L0 d}rﬂctions at fff

"ﬁfrioht unrlos to Lach o»her. “The: resu}t is 2 1argm nUﬂber of. smai? cubae

er prasms of fairly cons tant swze. TH& Pf13ma Caﬂ be ”3de 5W511 enough

‘?

. 7?igo pass threugh thc nouth of a pupatte, and have a 1arge surface area in
*“ggfproportion to tha1r bul? unabling rap:d nenetrat1on of 1ebe?ied aubstratﬂi

E ”;.1tn take placn to the cel1s in tnn ccntre., Thn distance betwcmn cuts is. 7’

vadjustab1e batw en 0 052 mn. and O 728 mm.. and tho mwch1ne 1a operated

“';electricaTYy. Ir has been fOJnd convcnlent NTth se vera? ra 1ssues

: f[(11ver, brain, awd k1dnn;) fwrst to s?1cc tbc nrgen u}tﬁ thn cuts at )

"' O 728 ﬂm. 1ntervals, follov d by cutting the %11ces in t”o direct?cnq at

0,312 ity interVQIS; aoma t1ssues, auch as. t@ft} are so saft when the o
.o ° i

,'flimitinq capsule 13 remavec, that prﬂ]iminary sl?cinq at ».72” mm. 1n- |

4"3"tervals 1¢ not necessahy, 3nd tvo din@nqaonal choppinq at 04 31? i, of

, 3nri is maweted by e HcHe,
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the whole crgan after removal of the capsule is édequate - The chopper
is.easy to use after a little practiée, and should be employed in a _
cold room, the tissué being kept chillad until Just before tha-incabatfon
pericd commencegg ‘.

- After chopping, the tissue may be céntrifuged at low speed'and the
- debris.from the damaged celis removed by'washing. The tissue prisms are
‘then suspended_?n‘the incubgticn medium‘at an appropriate concentration,
best found by exberience, Searing in mind the amount of cell extract’
which can be placed oé chromat&gfaphy paper, |

| Aéima? tissue must be susyéhded in a salt mixture, often containing
'glucose. The salt concentration is usually quite high (of  h¢'ordeQ of

12 mg./ml,), and as much as possible of this salt nust be removed before

the tissue is killed, In semm.circums;ancés it may be permissible to
centrifuge the tissue and wash'awgygthé éemaining salt before killing
.it, though changas in the tissuafarakié&ezy to occur once the salt has'
.‘baen'remwved, and bafore ft fs k111ed, It would be difficult to wash
the tissue free of sait'by ceni&??ugation {n less than saveraT'miﬁutes,
and this may represent a significant fraction bf’the total incubation
time. | | :

A tecbn%que.which has been found suftable for animal tissues is as
.'fojlewé. Sintered glass funnels of Ho. 2 porosity (poré size 40-90 ve)
~are fitted with vubber stoppers on their stews. A suitable size of
funnel when smal!IVO?umeg‘of ihcubation mixture éra being used (1-5 ml,)
fs one of 30 m}; capacity, with a disk 30 mm. in diaﬁeﬁér.- "Cellte"
filter aid is slurried in distilled water..poured into the funnel, and
the 1iquid removed with a water pump lsaving a layer of Celiie on the

sintered disk. The funnel is then placed in the neck of a vacuum flask,
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2 but instead of 3 l beinq mad between t%e rubupr stopoer on the
funne] and t%e nwck of tne ‘lask a rubﬁer r%nn xs 1ntorvosed betweon :?

the stnoper ané tna fiask. This rwng should ne nad” of FairYy thicb

rubber (so tpat it v111 not collap e undnr vacuLm), shou?d e iarge _iﬁ:f@v” t3i"'

?;enough ta covor the open}ng of tha vacuum f1ask ?eav1nq severa? mn. all -

1round as a narqwn, and shou!d conta:n a centra] hoie 1arﬁe enouqh for jf

L the q?ass stem of thw 51ntered funne’ to va SS uhrougq eas11y, but smalT

Eiﬁy enough for the rubber stoppe to remain nnt1re1y on top of tha rinq. ;f  

Tne rlnq 1" p]aced on’ top of the vaﬂuun r}a « ﬁhﬂ tﬂm of the funnel
in:erted 1oosoly into the ho?c, and a vacuuﬁ apolied to Lhe q}de tube

gf the vacuum f?a k‘ It wz!i be found tnat a- qco& sval 13 abtained

““\ff betweﬂn the funne] and th e r:nq.‘fi’
At the end ef the incuvation por?od the tw%sue su;pensxcn is pourad

in tobo onta the »intcrﬂd dask Tha Tﬁqu1d 1: ranid}y (Iess than 1 snc. l'

for smal? vo?umes) suc?ed uhrnugh the uisk 1nto thn f‘avk by vacuum,-‘

19&V?09 .ne t?%sue (pr1 m$, sl!Cﬂag tc.) on’ Lhn Ce11to.' bt e m?-‘ofr""

hinq water may be passed through (another 1 sec ) 'he vacuum 13

broknn by turn1nq up the ecgu of the rubher sea?wnq rinq, the ‘unrel ,§¢:ﬂlﬂ‘ )

Q,j removed 1ts stem 1nserted 1nic & cpnﬁrifuqe euhe 50 t1at the rubber

stopncr fcrms a ceaTQ and 5 m} of bow?wnn mO per cen? 9t51n01 aro
poured onto. thn tvssue on the disk., Tne rubber sea71ng r1n0 enaHTes
thv vacuum to bn broken 1nstantaneously. it 1« somnt1m»< very difficuit

-\-

to extract a w91}~f1tttnq stopper Grom & systeﬁ under vacuum.’ ah ho]e

i . &

operatian ef fi}tarino anu k1111n0 tnn t1ssue can. be performod, hith '

.practice. zn r,few seconcs. Usinq 3 m1 of ~rcuant1on mixhure, ?o??ound

byls mi. of uashing mater. and 5 m];'of 0 ner cent ethanai for P111inq,_;

“over 80 pcr cont of tnL medaum can - bv removed before tho cel?s are ?1l1ed
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Fairly large porosity sintéréd funnels are desirable to allow
| fapid filtration to tak@”blace. However, the sintekéd disks tend to
be clogged rapidly o wivj to the softness of the 'issué, and this is
“avoided wfih e?zte., : |

After al]owinﬁ extraction to take place for~an'hour or more, the

"2;stoppar of the f;nnel is ?ooaenbd in the cenﬁrifunp tube so that the

R ethanoI may run through, assjsted by pressure on top of the funnel

- from a Compressed air Tine or nitrogen cyiinder; . The stopper i3 seated
in the tﬁbe again, a&d the cells extrécteé with 2 ml, of bail?nngO per
cwﬂt ethanol.: ?he process is repeated with 2 ml, of boiling water,
'The ey»racta are pooled. E | |

The anount of salt remazniﬂg in uhé.exﬁract should be ton'sm31§ to
',afféct C1rcﬁatograﬁhy; 'It has been féund that.étandard 10 in. squares
. g? 1harnnn No. 4 paper can carry. about’ 150 ug. of salt, or ’00 ug, i
.tha cnromatograms are over-run for twice the normal distance (see below),

Plant Tissues, Plant tissies are often %owmw&at pasfer to handla

tnan animat tissaes as Tes¢ damage 1s caused hy removal of the tissue

From the p]aqt. and incubation media usua11y contain less salt. Unicel-

v Tular nlants are treatpd 1ﬂ the same waj as other micro-organisms.

 -Hi9her plants may be used who1e if they are small enough (mosses, simple
'}-multice?1u1ar a}gée, farn protha?ii, etc.), or organs may be removed

. more or Tess intact (seeds, swall Iﬂavus, roots,’ etc.). When larger
‘"orgahs ére_tb be dealt with they Hd" be cut ints small pieces (leaves,

- roots and tnm¢), or disks way be used in the ccnventional NANNer. who1e
leaves or roots can be sLooo With the cut ends in:a'so1dtinn of thé
active material. _If a salt wnaium is being used thevtfésﬁe nust be

separated from the medium in the same way as thﬁ an1na1 tlsquha, using
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’the Celite and szntnred anne1 technique 1‘ *he t suef have been chooped*

,TﬁaWiLh Tarqer vieces of thin tiscue, sucn as 1eavcs, the Cn11 e pad may be f7h“‘7 j%ﬁ[

'Yiﬁomittﬂd previded tne axntered o1sks do nct become ciogged

Tep"

" Largo pieceﬁ of twssun (uno]e plants wnole ?eavos and roots) may

J?ﬂconven1ent1y be kil?ed by dropping tnem straant 1nto boil?wg 80 per cent

?fethanol tncuqd ia thej are thiCK it is someawnes usn’u1 to stop ﬂ

vqreacbwon by plungxng the or an or p]ant d1roct1y 1nto quuwd nitroqpn.‘ R

:fThe frozen ﬁis ue 1s grounu to a fxne powder whvrh ?s SprinPTQd 3nto RT

"~ ”ooi?1ng ethano?.

Sub—cel’uIar Partvcleo.

Tnaae are treatad In the samo way af micro-‘;}:f_'f .

"'?orqan1sma.; However, ~.Ln,-czﬂ‘hne.r part1cleq are usua??y suspenued in media

‘fcontaﬁnlng largn amounts of s ?uS or sugars, aqd un? thn Darticlef'

‘zacan he rﬂwoved fvon tnn madium Sy centrixuaatxoﬂ bmforo thay are extract@d,t o

}the Sa?ts and Suqars wwi] be pwesenu 1n tnn fﬁna; pxoract. In thiv caso ‘
?rit fs nace °ar¥ tO ascertain for each experimeﬂtai sJ tem. tho capacxtv :
5 -; hha f:]ter ﬁaper uo ho]d these subs»ancys N?*hout »he fxna? Chrcmato- f 2?};:' _?

i

jgram be:nq arfected.;;_:

As a quide thc fol?ow1ng exanp1e na; bp Ox somo va?ue..1 An 1ﬂch
;Eat?on mixcure contdxned thn'”oilowinq suostances (mg./m? ) : SUCTOSL : f;, f“i';
: 17 var1ous salts aﬂd coenzym>s¢ 3;'{} ml. of 1rCU)a»10n mixture, after ;;  B
¢4vartouv extractions xitn etlanol and wa or, wa* madn uo to 9 ! 'Of" o
 éthis only agouL 12g' (or 1/77 of qu to~a]) ccuid he spctted onto &’

L hent a: paper IO 1n. SQUurbg morm cou?d bn use d if taﬂ pannr was cver-.‘

N R

'frun,_ _ s .
- | ' Purwty anc ap»c f dﬁoact1v1tv of Subétratns »
";fTT;fJ ”i 4cntioq has alraady oeen made {p: ) offthéfnécé' £y of purify1nq

"subsLanCﬁs whic ,contain rudwccnem1cal contawxnanas. ‘ ;.h1s is Twabie

: ‘uO be of particu!ar 1mvortaace wnen thc subsmncM have be@n arepared '



-
bfosynthetfca1]y.' ﬁenéra}ly Taballed qlucose, forvexamQIQ, is p?@ﬁared
from pjants a??owed to ca%ry on 9hoéosyﬁthes'< in the‘presonce of lahallad
~ carbon diaxida Although radiochemical contamination may not exceed 1 per
. cent; the contaminants often run chromatographically closa to fructose,
.f.Suc?ose and aspartic acid, and may obscure these imporiant substances in
.subsequent analysis i%‘they;are not first rémovad.- ‘
A Un?ess there are contvaaihdi;aiions, high-specific activity s@bstratﬁs
are moét usefui, as the.biéfogicai system is then forced to use retative!y_
v  more of ihe‘1éb911ed‘materia1,than it would if much unlabelled méterial
Qére also present, .Hence. more activity can be spottad onto chfomato—
K qrams, filws nead a shorter expos ure oeriodn'aﬂd'asvay of activity in the
spots 15 mare accurate. There are, hownvprg dangers in uswna h1qh-spnc1€1c
;vactivihy substances, of which invastigatorg‘should be aware. There might
-_.be a relétively higher dﬂg%@e'of radiétian decom@osition, i.e. breakdown
»of tho suostance under the fnf!anncn of its on. radiation (?. Yo If
'iarge quaqt1t1es of rad1oact€ve materia!s are usad the tissue might
} suffcr deleuer1ous ef fects due to the radiation, though reports of this
in short period @xuer%ments are somewhat contrad1c;ory.(72 13 14, 13)
??3 Certain1y, whole viabio organisws suffer damago Jhon exposed to high
._,Tevels of radiation. yarying for different apacxes,A~The use of very
 sma11 émounﬁs {by wGight)‘of high éctivity substrafgs may result in the
E systém heing deﬁleteé of‘substrate befaore the ehﬁ o? ihﬁ exoerim&nt, with

E varicus conSﬂquencns, dcsirable in sote casos bu% not in othars.

Incubat{on of Tissue with Labelled Substrates

The tissue should be incubated in as small a volume of medium as
possible. This speeds the subsequent evaporation of superfluous Tiquid

and avoids waste of tissue and radiocactive materials, Sufficient o
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on the chrowatograms but a tﬁ pucitg uo certy c~13 exﬂracts 1

0o

i maxoria!s shou1d be used to. prov1de roa* ao]o chm}s of radioact?vxty

x‘f""i' he xidum:? G

be run should be used, p1ua a »mall narrin fer mani@ ?a%?on and tc re-

?r vxe uﬁﬁ 9” ac at or 13atis;

.

o <eruration thu* incvat b?y nccurs occasmnaﬂv° T?o experwwent vay be ~._’

o

R R P

in&erveTs. or a numser o‘ senarato incubatwon fla 343 rav b ot un3 eacn

”1for onc partwcular ot o'F condthOn and mem. Au fhw anyropriate Larm,v4~‘

‘5f-”the rad%oactzva suss;ra%e ic addcd ﬂnd ze 1ncuoation czrried on for as $; ;

';;flenq a deavredo::‘

’“;;Tfone of ‘our ways°’ (1) byi

‘;;,of 10 O per cent e%haacIo

'fffifietnanoi"(w ) uy paurn

,,V:;uustrate is addec :

The exner}mnn¢ 1s*terninated, 7n tke ca<e nr incivwduaI fla ss. 3n

; i;tergng of bc t1sspe and k???inn arﬁ ex

j]»ract1ng 3* wwth nfhaﬂo} (as d@5crib d in t%e <ec»ion on «n€n11=tissues f{;;; L

u?

' "-faLOVﬂ), {1 ) by 7trifuwzna off the Lis%ue and Li?11bv uith ”P per ccnt

]

D

th@ 1nrkutio mix*ur@ dwrrctlg 1ntn *our vn1uwes

4

’:to,thﬂ tifsu in <ension._‘\ piu mzyxna <hou7d he DYOVOuG” bo 1 uhpn the \ f’

the t\vé* ; avd w%en ?h@ £

K

When one 1ncu5a*ion ves<e1 13 bcinn used frcm wh?ch sﬁmples are to be

1? £a%en at int“rvals, thr si hﬁra‘a] o‘ anpies by meuth pipﬂtgcs shou1d be
fav01dcd “Samp Ies a» ap rnximp 1V'“cual va?awﬂ ray J“ remcved wzthaut
;;fdiaturﬁanq the rnat of 9 su p nswcn uy u91no an 1n”uhat10 ‘1as& fztued
ﬁ‘fl:wﬁth‘an E—hulv bps Augomztic Ti?t Mﬁ*sure of apn“npriate vo!vme' the’ti?t o
:'¥mea urv is Sést ted wxﬁn a wa]e sfanfa“d g?asa jc1nf which 15 f1ttnd

f' 1nLo a cerrespon ng {caa?e zoirt on the ,ncuaation fiusv JIT it 15

necessary to &nnn accura e?y the emount of tis sue rewovaé tho ¢awm1ea

1, 1

3 '-vmgy be run 1nto tared ‘laCﬁs of ethano], whach can he weirhcd aga?n Ioter

=N

(1v) h"aqdinq FOJ? va?umes of 100 ner cent ethano?

Tssut is. m1xed with ethano?

'S



.are avu13aone commcrcwai?y.

13-
and the amount 04 samp?e ai»h irawn detersmined. The samples should be

run into four vo:umhs of 100 per cent sthanol. Accurate repiicate sam-

DIﬂS'Of small volumes of cel? suspension may often conveniently be

“taken with & hand—opcratcd automatic nzpotte several patterns of Lhase

”articu?ar?v with mwcro—orqanisms, rapwd filtration can of ten be

r

:<achweved thh u“mbrane ‘1lters { El?pore Fi?tpw Cnrp., Redford, Mass.,
| 'Oxo1dALtd., Sauthwqu 8r1dge,Road, London, S.u.!)a A standard alfquot
© of the incubation mixturs is g{petted onto thé‘fflter; excess liquid is
.raﬁidly,sﬁc?éd throagh,'and after disacsembYSnﬂ the filter funnel the
.rlltnr mawbrone may be rawoved aﬂd rapidly nlace d in the'ki?iina-sbiutfon.
"‘,A}T this waj be done within a few-seconugt §0r° f31t@r Wﬁmﬁranes disinte~
'grate and dissolve on contact with methanol. and gtnano1 hut are.resis-
- tant to such highef 316¢ho}s.a5 jggpropénc? which is wiscible with water

and may be used as the Killing solution,

While boiling ethanol is desirable for ¥111ing and extracting the

cells, as extraction takes-place more rapidly at elevated temperatures,

. there may be occas?ons when it is preferrad that temparatures higher than

- ambient be avoidem due to heat~-labile substances in the extracts, There

is probably very 1iﬁﬁie differance in the rate cf ki1ling of uniceliular

organisms or small picces of tissue, bhetween hot and room temperature
b » ‘

. ethanol. If 1t. 45 not convenient to use boiling ethanol to kil

» . ’ ) e » ve- 9 . ! )
cells, but there is no other objection to heat, the cells in ethanolic

suspenSinh may be brought to the boil momentarily at a later stage.
Ethano? ir be t neated on a hot a13t 2, Or in a hath of hot water, and

tends to aump un]eg kept moving.



“ffwreta?nsd, two vo1umas oF boITing 23 per c nt et%ano} are mwxed wath the

f ;1_;2-132}J Ertractieﬂ and EVuparatzon

<‘"'

Tha cails in w@ per cent ethanol are a}?ow d ié s d €or at least

”%an hour, and are then removed‘by cantrifugauxon.. The supernatant vs

’;*J rgs1dua _and allowed to stawd for another nour. Tnc DPOC@SS 15 fﬁoeated

“f';é[with two vcluﬂes of boi?xng water. The superra ants are poolnd and the aii'ﬁﬂﬂ;ﬁ

~y3f3*evaporated ta dryness as ghasnhaiﬁs stick to the vlass and are not easi}v o

"’ﬁj;removed.-q,;

"vf* ;vacuum evuporator (J. A. TOW&T: & Co. Ltd.. H1dnpq, Fnaland) connected

“ haf:to a watar men, or better, Aith a rotat1ng hlnh vacuum~type evannrator

: ”*fv*(Rinco Instrampnt Fo, Inc., Greenvi??e, I?]inoia. U S A ) connncLed

’ '§j throuan a trap centa1n1ng ucetone and ury ice ta a hioh vacuuw pump. Vory A‘ o

;Soma ubstances paruicuiarly suqar diphosnhates,

"{ére not verv Jo?uble 1n 80 Qer cenﬁ ethano? but are readz?y brouqht into o

'":solutvon in 20 pnr cnnt etxano1 or in water (16) .H,ngkf L ;vf”Qxi

‘1 Th~ sooied extractﬂ from each samp!c are ccncentraged to a sma11

o A

:;volume (}es than 1 ml ) 1n vacuc be?ov 40° »f eysracts must noﬁ be

‘1' S . " : : v-'

- ?acuum evaporat1on mgy be carrzed out wi?h a Craig Tyne rctary

,

‘ §su1tab1e f1a ks for tnm concentration of ertract; are vadn by sealvng a

/Y“?”ffvery sra]! tube (? cm. Tong and 1 cm. diam.) oqto tha bottom or a. 500 ml.

g '"-‘":.','j’wme 50 that ‘hquid can drai

| ;. rcund-bottom f?a P fﬂtted w‘th a stardard Joint.“ Tne svall uube acﬁs as

7[a rnscrvofr 1nto ﬁhicq th ,mail volune of Txeuad reraznwnq after thn ,

I

?Fevaporation can drain. The bettom of the f?asL should be b}own out a ;'*fff}  _,5J

n_§vcnly into the tua» without bcinq ob-

”¢tructod oy anj soru of 1ip.

‘ As centrifuges are not usually ava1lable for 509 m!. rounﬂ-bot;on'

*4}ff7aszs it is not a?wayr posaible to aﬁt fne }ast t“a“ee of quuid iqto e
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the tube. A makeshift Centrif&qe can be simulated by the investigator

swinging the flask in vertica? CTrC1uJ at arm’s length through ten or

. twelve revolutions. ~It is important to finish this operation with both

"-kthe_centr%fugz and flask in an upright position, The concentrated ex-
tfact is removed from the sma}]”fube with a teate-operated capillary
- pipeate, and made up to volume with ethanol (which evaporates rapidly

“’wﬁen ;potted onuo papur, and is. tha better than water),

Chramaﬁaqrmphy;of Cell Extracis

’ iﬁfgﬁgbf-ﬁhétman No. 1 or 4 are the commonly usad papers., The former
 wta§es 10ngg% to_devéiép and often produces mbre camp&ct-sbbts, but the
'vimprdved qaaifty of the chfomatogramvis often not great ensugﬁ'to warrant

  Jtha-extra deveicbmeht time. An*eXtreme]y!good‘paper which produces more
" compact snots than any of'ﬁhé"wﬁatman paper;, and with Tess téifﬁng, is

Ederol Mo, 202 (J C. Binzer Papierfabrik, 3556 Hatzfeld/fder, Yest

Cormany)

go*??wn. Appropriaée'aliquots of the axtract are spotted onto the

filter pape I* is essential to pse air at rmom temperature for drying o

_the spots, or stic?inq of the phos;hdtﬂs to the crzqin will occur,

| The amount of cell extract which can be spotted onto one piece of

- chroma togram pager must be determined forveach sepafata system, Some
‘guide may be provided by the following values obtained with baker's -
4‘y953t:;for thfomatograms,wh?ch aré,not over-run, the ext&act from aboutt
1o»u?§ of'yéaét (méasured ﬁy centrifugation at ?,630 g,) anual to about
10 ng. wét'wt. 6f ce?%s. may ba-spétted onto each §aper. Mqre can bhe |
f_ spotted onto ovar-run pq ers (n. - ‘);i If too 1itt19 material is

placed on thc r‘apera the ﬂnramatonraws must be left in contact with -



*,, chromauonraws.v~

¥

o pionxc *c1d nebd te be . 4 4t1lled

reaultq 1n a: poornr aﬁ?&?&bi@ﬂ 01 s»oba, and sowe Bach gro gg g"

- bb usad, as. thn-solveﬂtsvare ccrro iy},,.l};”

w.,'» ER R

\"

X«vay fx’m for an unreasonao1y ;on parxoé and the ccunt1nq rate from

? each spot wi?! bn correspondingly 1ow. Too mucn extract on EuCQ paner ;i&:; ;v¥f”

F!C.r4 il!us*rates ra 10autogra&s 1r0m smver&] rnronato ra%s og the »;g,:;}“ L

Same exbrac», using 1ncredsing qaunt}bies of rxuract on succe ve

Useful gandﬂarxa on tne cnromauoaram maj 5« oataiﬁed Jj apo?yinq

a swg11 s,ot of‘"CPrtp" Nashable Bluck In& (M. ﬂ. ve“ffer Pen Co ), or, s

a mtxﬁure of t ~ tnree ornanic dyes tropen?1n, croce1n chr?ot and Fon~'.fg

"jf 50 b; used tc wnd1Cdte he extPnt of cvor-runnina (p.‘;;; )gj, 

Aggarafds._“

A . o -

‘ SéfvpnéS”*

Phenol-water.? This is preaared bg mixing 74@ q. of phenol with

- 250 ml of df,til?ed water,_ D m1 of q!ac1a1 acetic acﬁd and 1 wl of

Moethjlenndtamingtetraacet1c acxd (patassiur sait N Tha mixtare 13

i manophasic abovo aoout 16°C.; 81 t%llation cf the phﬂnQI is unnec&s ary.l_.;;u

[

- ff n-Butano1 Prqpionic Ac1d-wauar. Two so?utione are praparﬂd. So?u-

tion A con*aiﬁs grw m? of n-nutano? and 81 m1 of dxqci??ed water.

So}utxon conta?ns 469 ml of propionic ac1d nnd Sol m1 of Aisﬁxlled

5:j;-water. Equal vo?umes of soiutxons ﬂ ﬂnd B are mwxed 1ust before usé. -

The m1xturﬁ 15 monophas1c above 9°C é it ) he hutano? nor Lhe pro~ g

- - b

The naoer 13 devgioped first W1uﬁ the ﬁacno}-wdtnr alvent., This

(15 esaential as it is imnoss QT“ to remove a}i trace" of prOpionic aczd

vy

R e o s

B A



L - - |
by drying the papers at room te*perauure. k?ﬁe first solvent is a?most'3
.nequaT, and the aQUB?&t?QP thus depends on runnxn irst ﬁn a neutral
'f:vsoiventg followed by an acid solvent, fIw phenae«wabervis used second,
j’tﬁé effectﬁs that af ruan1pq .n tWo acfd solvents owing to propienic, 
‘Tf a§5d fema§ni§\ 6n the paper. |

{:Ié is11mportadt to'dry the pape}s thorough?y after phen0?~water.
Dryind shouid'takeipiase fn a current of afr at room temperature: heating
'rav dﬂ%yura*ﬂ tha oaper, and rn>u1“ in prJnhaues *?ic \ég and not,rﬁnniﬁg
in the second:so?venu. Pre qu31?orat10n of the papars in the nhenolewater
ténk is desirable bu: not essential _‘ﬁf&*@ﬂM}%leﬂﬁ?Oﬂ with b:tanoT- |
propionic acidmwaﬁer'is;ﬁétrfmentai 1o ‘the final separation Qf compounds
3u.cn the chrématmgram. An_overnight,'nr shoéter, run is suffit?gnt with

both solvents (200 ml, in the fray).

Alternative solvent to nhenol-water, Although phencl-water produces

‘2 very qat.qfac ory d1strznu icn of compounds along the paper there are

mest -serious of these i3 the breakdown

0D

some_ﬁisauva ntag s‘in its use; th

: of seme awino acm" during chromatoars phy in phenel, “7 18) 4 new sol-

the distribution of Ri‘ values is not gquite so good as in phenol-water, .
vent was therefore developed to rep%aca phenol-vaters /hu little or no

_ breakdown of amino acids occurs. The solvent ¢ ino the following
*'comnonﬂnts (3“} ethylened 'tuinctétraacetic'aqid, 1.2 g.3 17 t-z2mmonia

| so?utmn9 }OG ml.;.wa;ern QSQ:mT,;,g;propanq?, 350 m1,; isopropanol,
" 75 m?.; n—buf&no? 75 m .3 is Jsobut yr1c acid, 2560 ml. The censtituents
'arc mixed in the above oraar and are allowed to stand for 24 hr. before
"Vuse; t:e,so1veﬁt does not de terzorate, at least for several weeks. iThé_'

runnﬁnq t1me *a abouL the same as tnat for “hono}—water, and papera

siculd be pr qqal}wbragedo
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¢ - Raﬂxoautonrqpny E-f.fg} f{f:ff.;i  ’- 'ff«{}%.k””

“adioact1vL in narks are suamnnd 11 tn» ccrnars of the dr*ed

4if°“*°”avqﬂ”vme}vh?C5 15 uﬁ@ﬂ piac 24 i1 cortac* h k-rav fxlﬂ as des~-: ?

:t;cribed iﬂ Chapt*r Q THQ songt% of tlna noceswnry ~c expcse thc

‘-é;11m ws?? dﬂpend on a varxptj o? fdctor: and anoa¥d be zaund ﬂy trial}iﬂ"”

;?and error. 5'“3‘ has bnen dwscusge 'on pana ff » Tan poazt19ns 0-

ﬁﬁﬁhe radio=cttve svo;s are mar?ﬂd out on. tze c%ramagoqran, and h959

’Tare ccunted, 1f de rud, thh +hn Sco ﬁ tube, or otﬁnr mquipment

Saot Idmnt1f1catwon

Ty

of &hg ﬁroceovrn uevend Oﬂ fhe 3511121 o- theﬁi"

*‘?3.3'&::695

j_xperimrnter'to Vdontifv the activ 1Dots on ?ne chromategram. Theff e
"; ;fuxt1mat9 c0nf rmaticn c? 1dnntiay asua!?y rel*es on. co—cﬁroratograpnyﬂff’f;‘:
*iﬁof thn unknown substance, QP & eurivative. with an authenttc marker

1;301101eﬂ byh"frnq rortnt11g (p.--\,f): How ver, tﬁa ranxdity wwth

N

"which thevwcrxer éec1ees on the correct autnentic marﬂer depends On ﬁ;:{;-i
1%%3 sh%awdness and experiancm,; Instructions cannot be qiven for al?

féha possibla snots wh1ch may mé mnt under a. wiue variaty of axpnrimcnta1~ .
,ﬂconditxo1s, but a numbnr of Jsefu} pructical uag tzoqs can hn maue -
.ljwhich snou!d 1e]p the xnv s Qator fa- naf unon tne correct nature of
l'gt'tne spet. ,xv;'l;,ff?{;u}g;ﬂﬁ?':}'x'f:tf?g; x .ﬂ5~, ai";

-

’ﬂ,im 50 of Chroﬂatoqram Mans Qnd Lan mafké. Tb Rf valueé of compouﬂds L

P origwnal1f present in cell extracts is of nw?v ?1m1t“u va]ue in decidxnn]i"
&pon the ir nature‘ 1?5 :s oﬂcauso ?nerﬂ ex1sbs 14teract10n bntaeen

7:;7different compounds in a mixture 4n1ch mav a?t@r the%r ?f va]ues to a

'ﬁ}siqnificant axfont ' she ovorn71 pattnrn present d iy the spots, “t0=

?.naether wluh an 1nte1¥1qent u e of tne map; shown xn «1gs. 3 2 and 3

'}g':wi1}'prov mucq mcre reward:nv Lh¢n sTavish devo*ion go Df ﬂumbp
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‘The first thiing to do is to try to identify some of the expected
5'prcdu¢ﬁs of the incubation reaction. These are wery often prowminent,

- and provide valuable reference points in the identification of othe

comndunds. As examples of'the'wa} in which thiélmag be done,'mentfen'
. ﬁay'b mude of the proda ale fsmaatloﬂ oF such cgmpounds as maffc, citric,
f‘aspartic, glutamic acia;, and other substances associated vith the trie
.: -carboxy11c.acxd cycle, when tis sue is pro«wdpd with }ade.Yeo acetata,
1pyr¢va»e, or carbon dtoaﬂde; .e formation, in ada1t1on to Krabs cycle
\ ';L'znter¢eu1ata5 of,severa? sugar pnosphauos from labelied carbohydrate
: fTSéurceé; iﬁé.prcdéht of tran,nmxnalwan when amino acids or keto acids
uf,are vunp}1ed sugar pnesp“*‘ nd nuc%eoaiue nphosp hakes from inorganic
. 3932; methionine. and cystine frdm'535$ etc.‘:usevmﬁx also be'made;of the
fiéﬁbstr’tn *pot, if any fEmaihs:iu the extract., The characteristic ,

!l H ll

pJ 1:pos1t1on: occunwed by the dyps in- ink should ba determined,‘v
and thase provzua addit na} laudmarks.' He?p may be obtained frém
'Figsc 5 B, 7, 0, and 9, and frnm puo?1fhed phoiograonq of rhromato~‘
grams (ana Fud?OdU;O"V&ﬂS) wa1ch have been developed in tne same spl-
. vent‘systema.(i 1235857 ]Q 13,23 Zlvhﬂgzo”“ﬁ) should 5e'noted when’
‘ghvslng pheteqrapng of radzoautograms p¢o?fah d here e and elsawhere that
phouographxc reproducticn somatif s loses some of the weaker spots on

”4f  the X-ray film.

‘ A}thaugh-&f values may changé'fram_éne expériﬁent to anotheé, the
Coverall 5étterns\remain very conﬁﬁ&nti ‘The distances which‘sema acidic

““f and.hasic‘c6ﬁréuhds‘run in the ‘1rst'dincwsxon UPPend ‘on the acidity
”fof the criaan, an" may vary soneahat in 4dif ercﬁt experiments. But

v apart from th1s,-tae pattern rem ins fwmx?ar~ a 17tt10 expanded hure,

parhaps, and cohstricied"tﬁt:e, but still recognxgab?e;,



‘~if?'c0111c acwd

””fiﬁre & to xt)

‘.fignurpose, a ocﬁtar separat1ow of thnm can ue acq1evad by ver-runninq

Pavinn ceciﬂmu upc1 the nature 07 a rew Iandmark sumstawcns, fur-_‘

.‘»' \,

LR

':ﬁrapns."

'l:ﬁgmay wc]l Ln rzbulode or Qne lyinﬂ rougn}y miduaf bctween pha;pnoq)v-

f'i-iiceric aCed and pho phcenoipf“uvic C%d.couﬁﬁ ?mﬂlarij ﬁe npsphog?y;:,'f

i . . N >~

The chromato rum,

. H
4

:’for conv wwence anu Ingx xlity.‘ It 1f recom cnﬁﬁd Lhﬂt orkﬂrf QhOqu

?ma e thnxr oan 1arae;scu1a coma051te mans from ﬁhnse tnree. ,’ofercnce

‘_LroxyacetOﬂt, aﬂd a?anwno (or r1bo e. which run;i

appaar on’ ali}three m 0 b“ hers ( overal phoaphatcs; agpear

6ﬁ“§ﬁéi@??$:vuﬂddiﬁional;compounds of Qaru?”U]G? 1ntor¢st to 1ndiv1dua1
-:,ﬂvorkers fmay be added as T&“Q1Tﬁd Thev should rxrvt 3Q,run as nure {
'f:compoundf in the so!venu syatem to gﬁt sowa 1d~a of thear pogxtion on ;
"che map, a“a then an unlaaalled ampln of tnﬂ comwound to Hn addbd to
ita1ning suostance a?reaqy 1aanuifze : Thn posvtien of thc new comaouﬁd
 }¢¥ be dn 3ineu by & co?cur rﬂaﬂtion, and 1us posuuwon fuund in re1a~ f.

(tion te otuer subs;ances in thn cx?rac»._~'

ﬂvar—ruﬁnlnﬂ to Seﬁ rate PnD;DQ&tPS. It vill be not1ced from the

“y

Qchromatogram wap hat a?? tnc pho;pw “aré crowdﬂd toqether wcar

\, .

the chrcmatagraﬂ (p;f7f ;)‘“‘”ne shaet cf TO 1n. squaro paocr as suffi~ y,‘

'cient aq a nad for over—runn ne ona ascnndxno rhromatoqram.;,for;ﬁ 3

tber prevunnuiv 1dnntxfz¢atzonc muj be ade: zoﬁ‘t,g‘ﬁaps and ! otoﬁ,f3"""
ﬁ‘spo; wﬁ‘ch ruqs,vror 1nstnnce, a I ttle further th n '13~inq;gyiif,

;{waser, and the same d:%tance ir uu?unol propionf” ac1d-x r‘f}if“ e

maps bave been r roduced ﬁcre in *hwn .53¢t50ns'

aps orﬁnteuifcrn‘ so fh*t tﬂng mny qe a71nnnd to-‘.fkﬂ':

i
R

fthe map is chromatographed togetucr wx»h a 1aha11 d cnll nrtract ccn» Qﬁ;;

";he cr?gin. If taes; covpou. S_arn 1mp0rtant to tno expﬁrnmeruer°" ;»#’.?"
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descending cﬁromatégraﬁs, two_papérs in one trough should he suppiied
wi§h a5Qut'&3 mi. of solvent, ahd_a?fdwed‘tc run until the seolvent has
a?l-beéd used, An extra guide may be obﬁaihed‘froé the pssiﬁioﬁ of the
"v'"Skrip" ink dves. the red dye should bn run of ¥ the paper in both sol-
'w,vents; As it w111 already havc hgan Iost after ﬁhc First so?vanu,
."ahotﬁar "Skriﬁ" 13§ 3p0f:caﬁ;be app11cd to the gaper af;ar drying off
;j"the'pﬁénoléwatef for jﬁdicgt%ﬁg develonment in the nutanol-propionwc-
f'acid-water. | o _‘ K | | ,. o
Qverorunnwng as des ribéd'ébbva Q511 é5read the'phoépﬁate spots
 .&bout tw1ce aa far as uaua3, and shou1d give a grea tly improved Sng?-
-P,;ration‘_ ﬂocuﬁ twice as nuch extrgct and salt can be accornodated‘on'
Eif o?erérun papers. Adowever? the size of the origin should be kept:smail
| tlfkl Cm;'dfam.)‘even though twiée as wuch’materiai a5 usual ?s égplied |
1“i;”to the cﬁroﬂaconram‘v' | vn | | .
- Exaﬁﬂieb of over=run chromacograms are ahﬁwﬁ in fiq s.- 6 and 7,

bse of Large Szze Chrama?oqrams. &1thouqh quite satisfactory

e chrowatoqraﬂs caﬂ oftnn be produceu with ce11 »xfracts on standard
10 in, ¢quare pPapers,. it n“s been tn» author'f exnnri&nce that epas
’w' }_rat1nns are frequ@ntiy mucn bet ter r}Pn 1arner papers are used (Fiqs.

8 and 9). One of the nnin troubles w1th small papers is that tﬁe

amounts of matnriai on tnem mu;t be Keﬁt minwmal (p. ~), and the
vu”resaltant smai? pots dn not a?waja groduce c}ear fiYm imagéé and
‘?tf?fmay have V°ry loa cgunt1nq rﬂtes, Keeping origins smail‘is tedious
" vﬂhen va?umes of 11qu$d over 0. 03-0 1 al, muat be sno*tmd It i#'
"therefore prcpased to give 3 ﬁeﬂ 1nstructin:s for the use of larger
sized chrcmatoq”ams. | -

Ctandard 18.¢5 1n. x 22.) in, Whatman Ho., "papers ére used, The



azr at room tnmnpraﬁure.v Ta_,eruglns can Be made as ?arrn as 2 cm. L

-------

0r1q1n are spotted 3‘1n’ifroﬂ‘tﬁo edges at ona correr, usinq

d%am. for papers, dnva}op d with the ao}vnntﬂ 0 th nd aboutﬁrg?filff'

3 cn. daaﬂ. fo* cverurun paperJ, Chroratcﬁrama are run by the" dcs- I

ca .
o~

endang tecnnzque 1n t%ﬂ SOEVents deacrabed above (p. ?,5*);."A11i

agpara*us comfng }nto contact w1t1 txe paperJ ana solvents sncu?d he

Lf;f consﬁrucued of the type 316 statnless steeT a su:t b?e tvga of trouch,

24 in. 10nq, and fitted wiﬁn antl-sypnon bars, xs dnscribed b/ ﬂenssn,

Bassham, Calv:n, Goodaie, Haas und Step?a.(?S) ﬁdgacont trouqhs arc

pla°°€ 1 5 2. ?ﬂ- Bﬁaru in txa tan&s.. A‘thaugh not menténned bf *nmse "#'?'h )

e

aatnors, bnfore the papers arc ;ut in tna treucd a U shupea sTeove of 'f "fbfs

thfn SLainiess stecl 2a 1n. lonq,h1§ p}acmd avnr he anti-syahon

barb w1th th@ prongs of thg U poentino downwards. Tno paper 15 thpn j?”i“

p?ac;d 1n ﬁhe,ﬁraunh 1n tne uSual way, curvinq downmards over uhe‘

ff ch?eev», and reirﬁued in posit1on thh a t?fnTﬁSQ stcet aqcﬁnr rod.

v3ffThe s1eev~s have the advantage that the paphre nead not bn touched

tlwhen wet. anore removing the papcrs from the trcuqh after ruaninq,

i;onﬂ or tJo sLa1n7ﬁss stee} or pe?ythnne-coaued "bul?dcq" c?fps are used

to c]ip the paper to the a!eﬁve, t%e slneve and paner are rnmoved to—

qeyher, and the paper dr}ed ay ,vapendxng tne slo Ve at ach end ona.

gxn in a auitab!a framc.; u;,jl;v,:_ '.-;;;;'

For runn1n3 soYven*s to thc ‘dres of tha papcr on?y, 100 ml. of

j¢SOIVeﬁt 1% addnd to each trouqn conuain1nn :o napers. ﬂ» 22°C thﬂ"

-pheno]-water‘r@acwﬂs the bottom ia 9-;0 hr., and the butano?-prop!onic ?f:"

’ ’;‘ acid-uatnr in about 7 nr,, tne phenol~water bo1nq run fxrst a1onq thc

1ong d1ract’on of tﬁe napar.- HS 10 nr, is oftﬂn 1nc0nVGn19nt for a

solvaﬁt run, the papers may be run overnxght in phonol-Wﬁtcr, the

b Lt AT vt ol AR s AR

PN —
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‘jfg.jtfeugh'containing 50 $3? cf‘soivant.for'twc papers. 4hen the papers
are to be over-run, the trough containg ?QO'mI 'For twc papers, and

:};thé aé?ven ts are a?icaea to run for 24 hr, with pqeno]-water, and 20

- hr, wxbh outanc] prov1onic acad-waﬁer. If 2 conatant Lemperature can=-
T net ba matntained, the trnuqn shoulé contain abauﬁ 170 @1, of solvent
v_for two papers, and deve!opaent cont tinued until nd solvent remains in

”the trouqﬁ Iﬂdividual workers maj wi:a to vary the amount of so!v»ntj

‘ ‘i;ane the iwm{:»k,ggéiﬂfar OVer- unnimg to sui% their own purpose.
| For thn pruparation ‘of radmoautonwam" 14 x 17 iﬁ. sheets of ﬁaray
%:;f:11m are ua&d: th€$ is a Stawﬁard ¢1z   1£§,3 necessary ﬁo~wrap the. :
}if;:pdgeq of tha pa)éé arqundvth¢ f1]m (or to cuﬁ tﬁe off): son discussiph,

CQﬁfvrmatxen of Spot Iden ity. ﬁaviaq made 2 pr@]imiwarv dec1§ion‘ '

,{ﬁxi_as to the. idnntity of an acczve spot from iis nos ition on the chromato-
5.3 graﬂ’ cgnf1rmat1on may be obta1neé by co-c hrematagravﬂ1nﬂ the un&ncwn
ffl:ianot with an authentic marker substance,  The spot should be cat out
4'F}fF0M the chromauogram in such a mann@r tnat one cdqe of thé p?éée of
?f'napcr cut eut is straight, ané the opposite edge §5 tri trmed to a'pofnt{-
:.Tne materva? ma/ tﬁbn be elu*ed of’ tWQ paper witn water in the appa- |
?;ratus shown in Fig. 10, A_Qﬁﬂaf wick, the Te ngth aqd idth Of which
T deaendsgon the_siza cr.thé spot to be é?ﬁt@do is hung from 3 trough
F[ccntaihing wafér.v The wxck 13 thoraugh%y wetted wzth dater and. suffi-

7fc1enu surp1us moisturn is addad to a??ow 2 drop tn 1‘"‘om alonc the

fﬁbqttom ndqn ‘ Thdvstrairhﬁ ndge of the Cpoﬁ-is ana?ipd to the,houtom

fiffedge'o. the. dick to g1va 1-2 mm. of overaan, and the o?Ot adhereq to
wick by surface tensioq. A smaii te tuh@ 13 p?ared prow tne' -

'“",pot, witn the pO?ﬁt of tnc Iaiter Just Fitt in h%o the open1ng of‘



the Lube, the Q]AS@ ?ra atograpwy tanf 35 nlacna upsuda down over the f

apparatus, and o?ut1on 1s aa?o:ﬁd uo nrac ed ' r a sve? of average

517e about 0. 5 w? of water is suffic%ent for quxnuit. ive g}ution. ,A,!g,;<f=*

nguide to the- proqrass of ne e!utwon is provid;d by Lsp use of "S#rip

4,?“k Two or three sma!i %ao ‘ thc ink are p?accd_near tha srraicntf_' ?

d _‘f ?ha spot ﬁo b e}uted oufore 1t 3° hunq on thp sﬂﬁer wick.;v hé);ffiv**
1nk contaans tnraa dyes. red, ye?zow, and b?un Tho h?ua dye is °1ute4[;?}*“

__from tho naner firs 'y follaw d by a mxxﬁure of tne red awa y¢11nw dyns. ,,f%"'.

L)

3y fwe time the rﬂd an& ye??ow ovps are a7m0’t e}uted frcm Lﬁe paper,

B T.ﬂ a?l tb@ radwcactmvit/ wvll nave becn p?ut d pxceat pﬂssih?v W?th some

'7  dfnhosphu?e ﬁqtars :Thn comp1gtencvs of o?utiow may oa chﬁcked at a f ?t:' L

poinfed ené Thn nra*eﬂc¢ of uhﬂ d{es 1n he p?uatn wilT not 1ngar- jéf¥$3: '

fere wz%h any subsequont cnrnwcal munzpuia 1.s;nwnd will. provvde usefu?

mar?ews an Lhe cnrowatogra: to be run for co~cnrbnatogranhv.~ ' " "
Theve?ute un?nown substanc¢ s mis ed w1th authontic marker (see ' ’“f?fW.._::

t%a aaproprxa te . cn&pter far quantiti s) and rhrowatnqraohed It may | 59 ? ff_f-u :

',v,"3~ . desirablc, 1? bhcre are sbvaral pcwa1ain tdcn*itieq for tnn unt nown,-”«vsf;vf'
X spcn, tc ubdivide thc eluate and co~chroma oqraah the un&n 1 sﬁot‘

v with ware than cnc marker on seuarat& CQrowafogrars.. uevnr311y, hot

atr msy be nSnd for snctting at thwa stace, with 8 resu!tant savinq of

< 0y . . . £y A :
. C R . K 8 L . ool . . B - L. B .

.._'_ A e B N e

In many casos it is advi#abls to de?ay c»-rhr matcarwnhy unt11
after a prniir1nary 1nv~st1§a»i9w na¢ been made 1ﬂ%o the nature of the
unidentified ;ubstance. The preparat1on of onrivate of cortaln com~.i~ o

o

pounds (e.g;,ginztro nenylh;drazon s'of knto~ac1dg) may ass.st Lo



. mvxtur» is 1nrubat°d at, 37°C fcr 7~LO hr. depnnd?nq on the phosvha*ase

— s . s i S A AR UMS R S

25"

:':;iééniiffc%tion§‘péktiéufarl}_ifithéfsubstanéés%aké volatile (é.g. ﬁyruvié |
K .gﬁd_glyoxylic a§ids). ’Kéto'acias;may_aise be‘redﬁcéd to the corresbonding
”;hyd?éXy acids‘by*notassium horoxide.  0.05 i, o? fresth}hrepdré¢ o
. JL .potassium 3orohydr?ao selutﬁon (4 mg./ml, ) is added to the unidentified:
. 5}compound and an au nontvc éér cantazneﬂ in ahaut 0.25 nl, of Watpr.f'
f,ﬁi The nH fhoul4 be abave 7,.ena arov;ﬁeo no ac7d 19 othpnfvse prpsent in . 
.iﬁjftho so}utxon, a h?q& ewou@h pit wwl? be provided by the horcvydrxde e
:i{seY J- Thc unbrown suhstance 15 a??owed to stand at room Lcmneraturn

fl.for 1 31. and 7@ then cc-caromauagraphed with +% markcr.

Trea*mpnt of phOS?d&u 5 w&th.Phospnatas@, fvpﬁ on ovev-run chrm

"“_,+071ams thp chospuctes run-fafr’y-czose-tbgé*her; anﬁ it is som@time"
o diff?cult ta dec dn na probable naturﬂ of a ourticu1ar snot frow jts
chr oﬂaioqr hzc 0031t103 *1one. _hswaver, hydro?vs1s of the phosnhato

ester resu1 5 ' sugar sugar aCTG or nucieoside, and these are: much

asier ta 1d9nu1fy than tne1r CJrresponuinq ohnsnhaﬁn eftarq.

~ The pﬂos ,ateJ'are elvtod from the paps ar, To E so]utign'of thé

'f-unknown aha pha?n ccwtainhd 1n About 0.25 ml, of water s added 0.025 ml,

O 2 H*arntaue huffnr, pﬁ J-O conta1ninq 0. 0! 1 WgC!Z.i Autheﬁiic'

‘”fmarhe“ 15 nexf addnd fellou@d 5y phoshhatas so?ut?on (see below)é'the

aspa, and Is thcn chrOﬂatograpned.

Two ac X phOﬁﬁhaLaJP prP 3ratxons can ba u¢0d ‘Thc most Satis-

iifﬂ'factory is the %upornatant lﬁqui f*om human Jhmﬁn a‘fer cenur ruqation.
1 _°nwon can bo obt«%nad frem EHL fert11ﬁt/ c13nzcs of ho pmtals; aged,
“ *sewnn, of nc further c]:nlcaT uﬂc, works qu i; vo?1 :he phﬁsbﬁat&se

:aj1n tﬂus D para i ia Verj actzv‘, and,when'ﬁalq ul '1° added to about

0. 25 m? f oluti ow cozﬁaxni g tnelunknown phost ha*n, n;4rolvsfs 1s

: comp1etm i 2 hr. at ’7°C (26)



Aoy e T L

Po?ida;e S (Scnwarz Laboratorwes, ‘nc.) is a crudn anymg prepara- jff B

:W’_{f‘tzon from wh.ch an acwd phospnata e can ba gurified as f0210w5.<?7)

"399. of polidase S 15 SUSﬂ“nGQd 1n }0 m! o; dzstwlied water.A 5 (6 Qe j;”":"

of amwﬁ“1um SU]PHQLG are addea gtvin 83 per cmqt saturatinn. The .1';1;;‘

{f-ag;nixture 1s he?d au O°C fcr 10 mfn., and tnen centr%fugod at 25,000 L ﬁiyijﬁ

?ffor 5 min.y t 0°C. The residue is discardad, and to the supernatant B

Jiﬁffis added 1 20 q. of amwonium su]phate., The sﬂ?ution 1s coo!eé to 0°C )

F;ffor 30 mzn., and aga?n centrifqud far S min. at 25 000 q.' The supor-T;»€;7 |
; > flnatant is discarded, tho grncipitate disso?vpd in O 6 m!. of 0 Ga H- v};

| L'f;fﬁbacetate buffer, p% 5 0, canﬁafning O Ql W-MaC?z, and tha sa?utian o

’il;@;fd1a1ysed to rewova axcass aWﬁonium su]phate.n ﬁhout 00 ul. of the v

'~!;fina1 so}ution 1s &udhd to 0 2J m} o, so?ution confainvnn *hn unknown

.Lpnogphate, and the muxturp i; incubatpd overnicht at 37°C It 13 ad~-¢
: ab1e to add a Few 4?095 or to?uene to the m?xtur@ to prevont bac-

?Lteria? growtn.- Solut1ons of botn pnosn%atases shou1d be stored 1n the ;'3;; _;‘

- ("-4

;}deen¢fr6eze}i';&T;uf*j“fg e
” Some nuc?eov1ue polypnOSphat are 1nccmp3ete3y phosphatased w?th Jff'
"ﬂf'the cnzyme Sty. and monopnospﬁates maj be formed. howaer, these can bc

L {well separated chrohaiogranhzcaliy from the di- and tri-nhosphatns.,-I'J '5'"

Hav1nq zdantifxed tse sugar. sugar ac1d, or nuc]eoside component
':éé'jf;glﬁfof the phosnhate, “the number of phcsphaun grouas on thn oriqxna] sub-  ' ,§#*

ﬁg stance is inferred from its chromatographic nos:tion usina the maps . -f'u;,f”°

’5 gfIsomer1c Forns of phoe;ﬁata estera (c.g.‘g?ucosewl-phoqphate and
‘ ?jf’;ﬁo1ucose-6-nhoophat 3~pnosphog1ycer1c acwﬁ and 2—phospwoq1ycor1c

; Fivt;ac?d) cannot usually be separaLed xn this aoivant cystem.-v': o
Chrowatoqrans af ccli extrac»s 1ncuﬁated w:;h 1abe31éd carbohy-;3

"’drates and other subsuances oftnn sho; two pronrnnnt spot one of
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"w.wat@r. :

':”5;'pa ts of water, nd 3 perts of QS ﬂer cnnt {va‘ sorm1c acwu._

| fmfxed-sudér'ﬁgnophbSpﬁafés,}aﬁd;Eﬁe athar of'sugér.diphoséhafes;'"Tﬁese o
'-fld_are 11?01y %o contawn apnreczao}e amcunt° of fryctose and q?uCOan phos~‘
"{leha tes, and cveﬁ after the a?ﬁﬁa navc be»n treated wﬁth DhQSﬁhatas
"1;‘separaf50ﬂ of otﬁcr sugar" (o.d. 52 deaeptulo @) Tving chromatographi-

) :f‘cailv be;ween fructose and g]uccse‘i' dif fcult in the phnno?~watar;

‘fijOYVth ng ' @ nd sgec1f ca?ly for sugar se naratianf (p. ),
t%°fsthough aOﬂ“ improvnmeqt o ﬁne saparat1on ;n the pré nt Jy'tnm can be _
'obtaxqed by hha hﬂ soldtvoﬁ, afh er. troagment % pho¢phatav~, withzﬁ-
‘”»;N-H"T at 1OG°C for 10 mxn. Thws cowvarts ovnr s) mer cent of the ;pdo-~ -
A’7hcﬂtaTose te Sedoh°ptu10 QA, uh. h runJ ua31 in adv»nce gf fructo*ﬂ in

J?rp%cnoi wate and about the QWL dxotance Ain bufanoi-nroa1onic ac1d- .

(28)

- For chromatovraphy of .ubStances a + treaumpnf wiih pﬂO”ahatase

”({it 15 no+ nccessary tc removL tho enzyme, anrl hot a1r mab he used 1n

mf;_spottinq.

s

.?fCuyhcxyXic ﬁrids.; Lo-cnromauoorams for 1neni1ficatinn of carooxy?ic

Jfacid' shnu16 nOL ba run with buuanei—prnaicnic acid-xatﬂr as the second
'”fﬂsolv9nt, ;f thc posxt?ona or,gne marker car%r y11 arius are. to be de~
'Lccteﬁ u1th 1ndicauora, becausw the. bac\qraund ?s 3xab1e LO bb too acxd

"*'.'A second us afu} olvent %n t 'vese is the orga fc'(bn%‘o~) 1ayer of

mi»ture er 8 pgrts or t*rt—awj? u1coh01, 8 p»rts of ch?oroform, 8

| (29)

Tne

".:f:OTﬂTC ac7d may be rorp1ct01j'reroveﬂ hj dryina nor 3~4 hr. in a. current

of'azr;at roem'ﬁewmerauure,gunﬁ thc paper hhen.gzveslarneugraT>reacpion-

o indicator,

[ERT PR

batanal WfOP?Oﬁ?C acxd-water a?atﬁm.l Iu way be necassary ?o use: anothar L
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Care shou1d be ta<en to ensure ihat rarknr nrvanic acids arn in f

: incor ec? rnsu}t may be-outained. 'gi'

Identifzcatvoﬁ wben wark$rs are not Ava??ab?e.- ﬁutwantic markers

ffmag not be avai}able for 313 substancce ancouwtnred on the chro?atoqr

x

°¥:¢ In suc h caqes eefin1te canfxrmaumon of 1dencirv may be ?m;os ib]@, hounh ;

':f'a number of cﬁomﬁca? teats ray be wace w1th the act1ve su stance which

”*‘ff:can g1ve c}uev as to zts nature» Each te«t is fo?loqea Hy chromatonraphy

:.f,of tbe products in an attnwvt to p%ck uo an easilv 1eentifiab1e 'uh tawce. .

?fv;As the amaunt of material on chro atoqrams xs ve rv smaTl 1n terms of

"U;i;,vfig'1ng the rad1oacL1v1ty ahrouga var%ouJ ana?julca3 treatmnnfs. fff'”

It 15, Of course, iWﬁossible to ccver a11 such connqunds 11a91° to

'V”rf show up’ in cei! nxtract HDMPV“?, a f“d e}mpl stions can bp made ]5

f'uo 11?ustrate thm tyn of procedure wnxch is Gftﬂﬂ Juccc sfui.,i

Ir cne spot app&ars in tho phos phate area of *he chromafoqram, it" f}!

( suscnptib11aty t0 hydrc]ysis bj pnospnauaSﬂ can be 1nveatinated §ome—

"'f(see anovc)

n?ibe spOLted onte papﬂr from ac:d or a)valxna so1ut?cns to o»servg po,sible
” '¢;2"d1fferénccs in CuPOTatOﬂrup ic avxcur undpr those conditwow Tp ' '
/mﬁf*;4 f‘?promote !actona ﬁormation neat the : oiut1on at IOO°C for  fe win. wit&
g 0 1 ﬂ-hCi, to- promoﬁe formatxon of tne acia form, hoat a; 103°C w1th

0T Bt ta0H,

'*fthe same ienzu stat as tna ac»ive gubstmnces %o be 1dent1f1ed singe Tt

;kﬁ;weight the chemical uesting cf uqknown compounds mus“ d@pend on fo??ow-r :;---

vt}mes remova} of paosnﬁate groups ‘rom polyphosphﬂges i; not cnmpletﬁ '~f i

B 'many acsdf can cxi"7 in ac:d or lactone: form;.“ Such ubstances'cah77




-zg.

%

hpuo dchg ara re ducgd tn hgaroxy aciés witw potassium bcrohgdridn
-(see above}, ar 2 4~dzn1£ropheny1ﬂydrazone derivabives can be formad
AJ,thrn are Lhen re€u~ed to amino ac1ds.§30) Certain acids caﬂ be dec*r?
rs],:boxyia@ed by hnatxna with 461
v }~ u]iwosacc arwfe uzua!!v fnrm a crpsrpn? of sna;s startinq frcm
.*ffthe origsn and curv1nq up ﬁcwards the d1aaccharides. Sgots suspectad
"fiiof being aﬂa11 olquQaccraradeo (or pegtides) caﬂ be hydra!ysed and re-::
L run with m&r&ers.;'uarq0r po?vJaccthidns and pnpti#es do not mova fren.
J’the oru@xn.,;};”'”v’ﬂzi‘h ) L SRS .” .
_ Some su$°tancns (Jijco11ic and other ac1ds) are quite vo?atil and}
| h-”ﬁ?even thouqh film alack nina mdy ba obﬁain@d from tqcm tnera is apparently
2fﬂno radioactiv1ty prusan» when thq cnromatoaraws cnm‘ tqvﬁg' Jntwd (3 )

~onﬁ cowciu 1oq c*n bx crawn xrom the chromarograanvc parametnrq

- of .2n un?chn aahstanch. In the solvent aysteﬁ doscri%ed in this chapter, :
 ff'nnuura} subsiuncss Iim morn or Tess on the dzagoqa1 !ine ?rom tne orqun'
}t"to‘th@~0ppof5tA cernero' ncid substances usual}y mnve :urther than ‘the
'v ncutrais 1n butano¥~propionic acwdnwater, qnile bavﬁc subacanccs do not
' ‘ff move s0 far. homclonoua sar1es o. compounds, and +h~1r cloae r91atives.
Vlvusua]!y 119 on a sfraignt lin“ or ana?ION curve en th@ cxromatogram man
,lAguii(see e ﬁ”,{){; m!yczne, a?aW1ne and valine Iie on such a curvn and

'?f,>;anetnar spot ljinq on the curve bﬂ vcen a7anwne gnﬁ va]1ne wight be

‘”: a~am1no buuyric acid.v dyurox; ac:ds aennraely run further in botﬁ

v: :, Qolvantq than tHQTr co%respondwnc keto aczds, %hi?e the amxno acwd*
igusua??y run furthﬂr 1n pneno1»watnr than the k to acxds, Sut not so far' 
.’ﬂf:in butano!-propwonic aC?é«ﬂdaer.* Kctoses run somewhat further in. nhenol? .
‘ watnw than the ,orrespeﬂaano aldoses (e g._rlucesa and fruCLaqe, ribose

and riou]o }o. 8 urars run mucn furtnnr 1n uwenol- rater tnan SLQ&P acids,_~



S clo*e to aupgrtzc ac1d), whi?e aucar a]cohols SOWﬁtiﬂcS run. furthe* than e

'7{j;ff" sugars *n both solvent* (e ﬂ. q?ycerai and quceraldehydv, sorbftol and

glucose), aﬂd aomet1mev run bnhind thc vuqars (n q. erythrito] and eﬁy- ﬂ .

: fjthrose, adonmtol and rxbose)

wverlapoiqn In a few instances troub?o is li&elf ﬂue uO over!appinq

...........................u.

ﬁ'of two spo*q or raqmon suustanCes uhmw both are nrc nt in tne sane cel?

T

_iéxﬁrd¢§5ﬁ5Va1ine runs uogesher v1th methaonine ard i seoarated after

{feiu*1on'by oxiotz1ng the 1ctﬂionine ﬂ?»h hjdroaen perox*dn to wnthionxne 4
B SJ]p‘gnn and su]ohoxzde, botn of wh%cn run well ¢ sar of va}1rn (p.. : j);f" ?‘  .
 ifSer1ne aﬂd gTycirm aver?ap wueh glucose, and asbkranzne uxtn sucro*e'" ’i_. f“
i;theée mix ares can be scoarated by other salvent S/ tems or by electro~ 5*‘:f"
‘fphoresis.v ; “ PR o . :

* '

Intcrpretation of ?cruTt

, By feading a systeﬂ witn a Tabe??nd substratp and ta inn sarp?es
f,for an31/s1s at 1nterva?s thﬂreafter, ?t is possible to follow thof° “@J'
pathuuvr bj wh;ch tbe Jut traze is uctab01.zed he chivity 1n a11:‘

tne spo*s on tkp chromatogram ( vcept pot of substrnte, if 1* 1e~”

7“;{??r at a?? present) is countad and thc activ1fy 1n each cgob 15 expreaced
. ac 8 Percenuave of fhﬁ sum of b?? act1v§t7e° 7n a?I the snot ‘_The,pgrq~i 
*f centeq 1s p}otted against ti me for eacn subctanch”?;w‘“v = :;l'“{;ﬁ'fflj,if.::,'.
In thc shcrtc .ti, 5 on?; tnu fzrst produc of mntabo??s“ of the.\»u

;;aubatrate wil) conta1n_activz.y, providod t“n fvrst sanple is'taken .

-~

;;ri'e‘

aftcr'a suf 7cient1y n ubatvon pertod ':nu;. 100 pcr cpnt of

thc toba1 ac*ivity 15 prcsmnt'iq, the | _rst proﬁqct, Therccrtev the per- .

e n T %

&0



.‘vcantaéé fh tﬁé'fif;t'§r6duct.décliﬁes, an&ﬂ?héi,ﬁn *fé-gégong'a}ogucg;

-next in line along the mauaaolvc p«tﬁway, rises. This raachgg a geak’
s':‘and dec?innv in turn as tﬂv perconaag@ in ﬁwc L%wrd campnund rxsea, and .
‘ » i sg_on. -in_uﬁ15'way thg ordar of compounds a?onq the matahg}ic chain can

\ m‘:i:.be.found. | o 'i e o L |
“f;Qj_;:a .‘v -Tﬁren wain 01f|?CJ]tt@ arﬂ lixelv 10 ari e Firsth, {t nav bp k-,;
| '-  d1ffﬁcJ?t 49 ac%1eve inca;auion txres short enoaqn to obtain !00 per |

‘ “:cent of the- acuavity 1n the 1rst cornaund ﬁ For 2xa mﬂYe, Vaivwn, Ba;shamfv

'gfand 3a1scn(32) found 1n ahotosynthesi axp@“imnnus Wx*h C]402, that aftnril -

}'jn[S sac. cf 1n ubaticn w1tn thn 1gaﬂ1}ad suastrate, 97 per r9nt of the
?-;,proﬁuct acufvigy aas 1n B-yasspheglycer1c ac1d, thn erat nroduct of
-?mcarbon dioxide ‘1xaﬁ1on.; Incubatton periad# of le 3 than R soc. re-”::.;‘
; su1ted in ovnr 39 oer cent o:__h; activ1ty bﬂxng faund in pnosnhoqu- S

vf'ccric acid Ia othor syst&ns. hmv*var. tne rates of mntabo?xsn may be

'i‘g:mdch }owmr. 1ﬂ tha f}xatwan of P}40 by a b1u°*nredn a?ga in the dark,

,"f55 aspart1c acid contaaned 100 par cent of the ilxed actxvi»y after 30 S@Ce

(3) .

'21,  &nd QS ver cont aF*ﬁr oO aﬂC. . :here is thu% a Tarqe range fn aCtiV1‘h

short enouqh at rocn tnmperuture cr thcreaoouts,ithﬁ experiraat nivht
;,;be reneat@d mnre successoul?y near O°C ery short 1ncuhation per1ods
-ffcan bo ach1~4ad by 1ngecti13 tha lab971ed ﬂab Lrata thh a svrwnqe~

‘ffﬁi-controlled pipntte hold 1n onc hand and 1mm°diat@ly aft nrward”‘addinq SR
- “  ethanoT from a secono Sjrxwge nnld in the otnor Hawd. Thn 1ncubation

' _ vessel shou}d ba shak»n continuous?y for rap1d m1y1nq. Avvecond.pﬂr56n  |

r””.ﬂ_may war? 3 stopwatch on instructxon from the fa t";’ncuﬁatloﬂ P“VYOdS

"QP?‘,"bas short as. 0 5 sec° can b obtaxnmd and meagured fa?rly gccuratoly, but
it 1s not a]uays possibte in bh1s way to h:t cvac*?y upon the Hesired

%5 wper1od

'7ties bvtweﬁn d1fferent aystems. 1F thn 1rcubation 3ﬂr1od cannot be wade SR



:It may b c0ﬂe,nece sary iﬂ the evant of c;c]es and brancwc, to donrade ;fj;V

"the metabo?ic nroﬁuc ts (o find wxirh atnms nave bQCOMe 1abwl1ed !and |

f then to dr aw tﬁe conciuaion»~$?9) Thirclj, as, t c iaueiled isotaﬁe '?’UgifL’f'

;f*pass _fu .her and further alcwf.tb‘_uetabolac ghain. the peak of per— ‘\

S e entaoe ac*wvity as 1t PLSSQ: thrauqh each intnrmeuiato b@comes succee-‘u““*

:”:Sivezy }cwer and 1ower, Gﬂti] iu becomca d}ffvcult to d) tingu15h 5ndi‘f§f'?-“ﬁ
xfivxdual pbak froﬂ chance 1rregular1ties in the rurves.» Nit% a pathway i{ﬁi{iffi;T.'i
'f:uncomp?xcatad by brancu anc cycins 1t wvght be possrolc to ;oilow tha }75~ .
:ifTrst avx or scven .n ermndiates aXonu t%o rnnin, 4n“9nd? GYOW fhc speed ”

:?of tha reacﬁzona ané txe numoer o: s mp1 takeﬂ-iiléx | o

. "r" -

QiiIn nxnerimen*s in whftn tissue; have been 1ncuhataé yifh suh'tratnv

”for Tonq peraods, the ﬂnd prOuucts of wetabo1ism rathor tnaﬂ inter-vl@;f7f{f*vﬁ;

 de1at s ar~ Tikﬁ3y to b° observed It mUSu be bﬂrne Tn mind that

;,1abe11ed ato s may nntcr var1ous substances by enzyric cxchanga reactions.

fwithout net synthasis tuking p}ace..ﬁ~or 1nstance, }abe1 may be found

‘w

fin amino acids as a resu1t o;,ramw transamxnation reac*tons w:th tﬁcj“ o

5correspondirg ?eto aciﬂg. This xs an indicatlon th&* tnn reactfonf :
fﬂcan take p]ac s qu nat nacessarv’y tn th y play a J1gnif1cant ro?nlﬂ .
$f1n the exneriwentai Jystem b;1nq studied Sub tratns mav be. cx1d€zed_;,;ilj:if j: ';
,lfLy the t\aSUG to igoetled caroan ledeE, wuica 1° hen fixed elsewnﬁré V;;Ei;}iiﬂ
“and - rnsult¢ in tue auper1ﬂposcd putt&rna.A Tb1= is’ of great imacrtance .<. ( : '
291th gr@en piant¢ incuaatac‘in the Iwght.(gf 35) Exc*ange,reactions T
'.vmaf take p?acn by pawrs of enzymes. or through non-specific chemicai

- f;"excbgnge: ;93?' T1cd in E n“clootxde may be “/drOIysed nnzymwcal1y




to inorganic\? s and refzxed into anoﬁher nuc!ﬂotfdo bv a Droceqv

such as oxidative pnasgnory?atwgn. 0“?

is thus transferred from one
'~_nuc7eot1< to anotunr, but not. via a é%mp?v enzvmé system, In’qtudiés'
"}wwth tri atéd wafnr care must bc ta?en to avoid non-snecific chemical
V\excﬁann 8, and anv 1nteroreta;ion of the results must take.this uossi-

(a )

'bality 1nto account. hase erwales could ba qroatly multiplied,
. and jusﬁra few are qavvn ere te il?ustrat s0ome of.the pitfalls which‘

- Qust,bélévnideﬁ.?

Siﬁ&?tﬁnmous Us uf Two Omfferont Isotopas

For certaaﬁ expertmenta} nuraosea zt is 90531)}0 to uJe ﬁNO iso-
'f'tepes simultaneocusly, provzaed that there is %omp way of d13t1nqui¢h1nq
':lbetWPen them. The jsotopes must differ to a cons1amrab?p exfnnt exﬁner

_in the penptratznq puwer of the rad1atxon tHe/ @m?t or in the Tengths of

';Qi.their ha}f*1ives. | |

1nq Pawar, A

23
(%4
-5
-
ot

“use of Isotones with Radiations of Differsnt Pons

.

4'lgood,exampie of the use of such pairs of isotogcs is provided hy the -

a : ney L, .
‘,],ccmbxnatzow nf 614 with H”, or of el with P32, Tha penetrating power

K 'of the*a-radiation,fram H3‘is s0 weak that the particles will not pene-

- trate throuqh a sneet of 1611n@x‘(p¢ ), whila'th& s-partfcles'from-

"1,614 suffer an a*tenuat1oq or only about 10 per cent, Hence, a cﬁromaw

togram of a mxxturL of ¢Ub5 tances containxna hnth tn@se isotopes may be
'exnosed to X«ray fz]m tw1c*, the_wibn a sheat’ of Ma?inax placed between
the pap@r and the film, ara aqain-withaut ﬁaiinex; The second film will
vrecexve an image due_tv both isotopes, and the fifét_frém AR ﬁniy;'
Spdts’contaﬁning only H3 can be distinguished {n tﬁés way.from fﬁsan

' coﬁtéiniﬁg C}é.. The activitiss in the spotls due to éach of thé'iéotapes'

can be determined by counting the spots once with a Scott tubs fitted



with a %e?inex wlnaou. to detect crly C}G. and onco w'*h a: uindnw:ess g

ﬁ)‘t

'bh7 ctor for C}@ due. o passase of tne ?a“t?CYCS ””Uuﬁﬂ ”91’“@

vhen uhe gpcts aru COuHuud' ._hcut a wxnuow .s deuucted from the tota}

BRI

}f If a aczntll ation counter 15 avai’au’e taa tvo 1%0tap 1S may be “

:by puutinq tae waol eﬂc scd spoL into %hb V?a1 (p.Jb
toqether.» In. +his LOSG C}* r*are'ﬂntﬁ +hp woa%or 1qosnpo and fho R

1fth9 othpr.,'The:lem ncareat tﬁb chromaLOﬂran ﬂ11? FGCL?VE an 1nago
T,from both isctopes, and bnn oun furtwosu from txn paper 0n1y fwom P32

h3,B/ d?ff@?&n;?ﬂ! coung1ng of tne spo»s. uzth 3nd thhou; an 1ndex card

placed Jetween tne paper aqd ta; COUﬂtur tube, the acu1vities of bﬂth

U ) of Igotoves of ﬁ1f*ereﬂt Halr—lives. : He WO isotopu% oF

5f'qreat1/ diffe*lnﬁ nu1f~11fc are used together, one fﬁim is exnosed to

e ;"dcterm1n° :10 pos1;10ns ea ail tne Ianclled 'dDStdOC?S on the Cﬁr0ﬂ8a0~

i;Tne shortmr-Iivnd ioOtopC is then dllonea to decn" for 0-10 ha1f~11ve
{i}and tnn paper counted aqa1n.. After 10 1a1f—1ivea onlv abnut 0 1 Dgr o
f}4ant of tﬁe origlnaT “CtiViuy of tne snortar-11vwd otoao wwIT havn

'?éisurviv d, gnd thc TOngcr-lxv d 1so*ope can tn~n ne aS”aVEU wi*h 2, minio

"mum of interf»reﬂce. "g'};

througb “nlﬂnnxxcorrccted fcr fhc *t Lwon Tno activity due to C74

?

“¢; Tne ame princ1p1e can Je applxec to crwnr14ua+s uvxng 914 and 932;’F3

chromatogram 1°' xposed to twa Jneets of f11m aimuTtaneousl , o1e above

nuc11dns can be xourd Sczntwllauion COJGtIﬂQ can- ae used hero a wp11

{cram;, Each snot ws caunged 30 f1na.the actithxec due uO hoth 1sotooes.;x

KSCOtu ﬁubc. wnen butn 1Sutopes w111 bc counted (p.;_,. 135 The attenu- e

.z“and tne actwvxt/ cuc cnlj to “3 ca!cuiatnd  ‘:\"u-::vfz*v5§'iti3*7§5ﬁ7;~

Yaélcounted ,imuibanecusly 1n scxnti]?auxon 71qu1d nxthnr aftcr e?ut1on or L*V

[

. '.’ L




.

35a
Suitable pajrs of isotopes for use by this method are C74. 6155,

‘ 3 32 o s
or W3 used together with grgz, IE ! or p3 . Unfortunate 1y Clé is diffie

e

cult to use in combination with.séé as tha g-radiations from bhoth fso-
topeé have similar powérs of penetration, and the ha?f~7ife of 335 is
s¢ long %hét the chromatogram would needlto he counted twice at an
iaﬁerval of 2-3 years.,

Uee of Twun I o e for Identification Purposes, In some cases it

is doszrab!e to use a second isotope for the identification of spots con-
ta1n1nq the nuc]ide in wnacn the erpawimmnter fs mainly interested.

Yhen incorporatinn stud%es are made with ?Bzg'the shosphate spots lie
fafr?y close tonﬂthnr on the c%rom;teqram, ahd aood separation may not

' always he ob ained even when the ¢ wrﬂrutoqra arg over«run., The spots
i.cannot be identified by trﬁatmant with bhosphat&se {o. } as the Pazv
: wx?? be Iiweraued as inorganic phosphate, and the honnphosphaie moiaty
of the mo?ﬂcu4w wziT remain unlabelled, Ihis Ciff’ﬁuatj can be over-
'v,com@ by 1&5@?11nn the whole gystem w:“h C’a hefors 93? is supw?ied

The Pzz-canta3n1ng,sp695 are asauingu1sned from those alse labelled
with C’a_by“exgdsingjt:o f%l to the chromatoérém'(see above), and
thé'ﬁonQpﬁaSQhate part of the molecule fdentified éfﬁer treatment with.

14

vphosphata e by virtue of twe c gnt in it.
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¢§;.icaptsonsjfbfﬁ#iqufésv.a_%zl e R
,f’;gfg; i; Chromatgnrnm maq ] (2) Peuroduced by pnrni sfon of Drontice-4a11 ~‘:;-

T

e e"- .

';55 Internatwona! Inc. L_jfjfj”,;;iﬂ[;;'_ f' ;_:-

’f_\ﬁ: InterﬁatlonQT an.-

'ﬁj"f:Fi96f3g Fhroma»ogram m&u 3.( ) Reproduccd bv nerqusfan of Prﬂntice-Hal} |

Cole

SR Ynterna?1ona] Iwc.;,

e e

5sﬁspendud in 2 m] o; disti?IDd water and 1ncubed with IO uC.

; ;killed and ex;rac»ed ae described 1n the text The pooled extracts

ﬂfv, aftmr ovanoration were made up to O 9 m?.u arylnq aﬂounts were

b

?applied tn the chromatograws as fnl!ews" ( ) 10 ul (pquiva?nvt to

(11 T? u‘ ce‘Is) (}C 67 u! ce??s). Y~ray fi?m was exposed
to each chromatocram for 13 days._ The radaoautoqrams cover the who?e

AR area of t e cnromatorramg.

s B

Fig. S., Extrgct of baker's yea t iwcubated for 3 min. thh q?ucosa-u-

(Fig. 4 (c)»JabeTIed) K@g to nunbers";l, auuar d1phosnhate5°

2 hexoso and hmpuose monorhosphates, 3, urid ne-d:bhovphoq1ucose'

4 nucinoside diphOSphates, 5, phosnhogluconwc acid 6, phosphog?y— o '

_SFiv.VZ Ckrorutogram map 2.(?) Reproduced by perm‘seior of ?rentice-vali

4 Ef ect of amount o. cel! extract upo!ied to 10 1n. squhre chroma-:}l;z” 

F

:ﬁtouramr ‘on the rssu]tant separation. 200 u? of baker s yeast were t”"\

sz(a 4 y ma1ev) of glucose-u ~cl4 for 3 miw. at 24°c. Th@ ce’ls were, ¢ o

F 22 41 of °Xtra°“““ G153 (b) 25wl (5.55 . cells) s (o) 50 W

c14

o ceric acid‘ 7, phospnoeno]pyruvic ac1d 8, aspart1c ac1d° 9. qlutamic‘

Al

[P it NI



c '33-

acid; 10, citric acid; 11, malic acid; 12, fumaric acid; 13, suce

| o cinic acid; 34 g?uccsa;:ls dzsaccharid {probably trehalose);

© 18, threon.ﬁu, ?7, u.aaine, 18, valine; 19, eucine + igo-1eurfne +

:_phenylalanine, 20, prnoabiy histidines; 21, uwid-n tifiedsy 22, qniden-. .

g txfied, 23, lipids, etc,

6. Effect of over-runiing (I}, Same extract as appears in Figs, 4

”.7and 5 gver-run in the ascending diroction with one sheet of 10 1in.

'”'square filter paper as a"pad; 50 ul. of c2ll extract (equiva1ent

. to 11.11‘u3. of calls) anp@ied to the chromatogram. Film expnsed

~ for 13 days. Key to numbers: 24, pentose phosphate; rest as for

" Fig.

" Fig. 5.

7. Effect'o‘ ovar-running {II)}. Same extract as appears in Figs,

4,5, and q, ov“.».un in the descending direction, 150 yl, of cell =

: xextract (equ%val at to 33.3 ui.Abf cells) app?%éd to the chromato~

“'gfam., Fiim expOSed for 13 days. Key to numbers: as for Figs. 5

- and 6.

. Fig.

8. Advantdgés of large~sized c‘rO‘atograms. 100 u?.'éf baker's
yeast'suspended in T ml. of 0.002 Véphospnate buf?cr pH 6.0, incu;

bated for 3 min. at 24°C with 2.5 pC. {0.1 » moles) of glucose-U=C'4,

Cells killed and extracted. The pocled extracts, after cvaporation,

 ;’ were made up ﬁo'o;gxm?;, of which 0.3 m?..(equivaient to'33.3'u1.

of:cells) was *;ﬁl‘eﬁ'tﬁ a sheet of paper 1& Hin. X 22,5 in, A

| sheat of X—ray fiim (13 in, x 17 xn } was’ cxnosnd to the Lh"nwa*o-

gram for 27 days. Key.to‘numuersz 25, glyceric acid; 25, g1yco1ic
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acids; Z7,,g]utamine; 28, nruoab?y 7act1c 2 i‘: 22, tyrosine; 30,

< pfo}?de;:rest as for_?igs._o‘and_é._v

Y

- Fig., 9. Effact of over-ruunang (ILI}. Same extbact as appears in Fig, 8.

;f-O 6 m?.vor cell extracv (EQuivalanu to 66,7 pT of cells) apnliedvtof
'fone sheet nf oa:er 13 25 1n., x 22.5.in, wﬂ1ch was over-run in the . 
| ccrdwn 61rection as dpscri bed in the »@xu. A shoct of X-ray |
“'jfmlm (74 1n. " 37 in ) 25 pxposnd to tne chroma?onram for 27 days.

‘“iey to numho 3}, urid1ne tr1 horphatﬁ- 32, deﬁccnar1de (probabij

‘?trehalcse) nhoopnate, 33. unzdentwff»a, 34, uniuentiffcd~ rest ar for  ¢5

: F1ﬂs. J, 5, anJ 3.

1

‘fjl?ig;f10. Apparatus for c1utvon of chrovagograﬂ snots. Tnn spot adheres o

"/;:to‘thevﬂ k by Lhe Jurface tenc1on of a watur fi}n.

F‘Immw -

riqs. 1 10 correspond exact}y Lo F1q .~26;1-26.10 ﬂf;ihepénéfééitfbﬁsfni‘

 ‘fand tho qame blocns shou?d bo uqed. -



This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission™” includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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