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.·CHAPTER 
,~, .. -, .. , .. ,:..:..,;....,., . 

CHRO~iATOGRAPHYOF LABELLED CELL EXTRACTS 

Introduction. The pioneer ~"orkof Calvin and his collaborators(l, 2} 

, at the Univel~sity ofCa1iforniaon the pathirJay of carbon in photos)'n

:., thesis t made extens"lvc use of the techniques of chromatography B.nd 

radioautography fol'o~'lin~ the feed1ngof plnnt i'nilteria1 \'lithlabelled 

ca'rpon dioxideo By killing and extracting the cells after various 

short incubation periods, and ,analysing the products of carbon dioxide 
'.. 1'·' . " . 

metabolism chromatographically. they were able.to work cut eventually , 

the' whole' metabolic' path by ~"hi ch the' carbon in carbon dioxi de becomes 

converted to carbohydrates \) carboxylic aci cis. ~~in(\ ad ds 0 etc" In 

spit~ of the pm'ferof the method for studies fn intermedi ary metabolism. 
, ~, \, . 

1 thas not: been used extensive ly t though studies have been 'made of the 

dark fixation of carbon dioxide and the metabolism of some carbohy

drate substances in certain tissues. (38 4, 5, 6) The lack of use of 

these techniques is probably du~ to the technical complications~ which 

appear formidable unless personal experience in their use has been 

·oained. It is the object 0' this chapter to describe in detail the 

various manipulations involved in expe'r'in\cnts of this type together 

t'iith some rcmatr.s on modifications necessarY.\'Ih.en different biological 

. tissues are used. and the interpretations of the findings. in the 

hope that more use \4111 be made. of the${;1 metlwds once it is realized 
. . 

'. that the diff1culti~s involved are not insuperable. 

, .' ' 

····Appljcob.nitya~~f t:;r.1itatio~S of ' the ~~t!1od •. The chromatographic 

. SY5tElmtobedeSC~i6ed:is'capable o.f separating ,satfsfactor11yon enc . 
. . "', .', 

or t\'!o chromiltC1Jramsir~st of thc5ubstal1ces present in the soluble 
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, extracts ofcells'.'4hich are included b~ the fonmringclasses o,f.com-) ... : ........ : .. . 
" 

, pounds: free sugarsi\sugar aci·d5~.phosphate este~$ of sugars.and sugar'''''. '. 
, , 

ad ds ,carboxyH c 'aei ds (es'peci ally di .. and tri :-carboxylJ c ad ds h ami no 
.J>, 1 .• ) . .. 

.. ~: .: 

.. . 
" . 

adds.nuc·'eosides. and :nudeotides:~a~dcertilin' purine and pyrimidine. 

bases •.. It must. be stressed that the . solVetltsystems ·tobe described 
_ . ', • .' '. • A • t • • . . ~ '~".;: •. 

'.>'. below. are not~ecessar11Y}he best for separat1n,9' compounds within encn 

, .•. "'of ·thesecl;as~es\.·~ih~n, only such ;~'ubstances(lrepresl.!nt1n .the mixture;' :.,~,"; 
. ",' . '. .".... .,' .' " . 

~:. 

'. ",. 
for this purpose re.'feren.ce 'should b,a made' to the appropriate chapte'r: 

elsewherl.!·i~ ,this b06k.·'.H~wever, the solvents'are very suitabl~ for 

. achieving a good separation of most,of these compounds wh~ntlieyare 
. . . . :, :. . . -. ' ." '\. .. , ,,': -' '. , . '" . ..'. ,,' , . ~ : 

· '. . '. . .'. . \ . '" .1'\ 

present together;none. and the same cel.l extract., . The system 1,5. de-:-, ,'. 

: ..... 

." }' 

signed to be 'used onlyfol- the "analysis of radioactive compounds, m<l1"9' 
· . '. (""'., •. • ~ '.. - .t 

" \ 

.;: .• to the very greatserisfti v,ity o{ the' detecti on techni gues (e.g • X-ray , 
· ...'.,. . . ' . . 

f~. 'I:,. - _ ',' l' . .' . " . . . . • ~ : '. . . ' . . "L". . . _ . \ 

<' '/",- fi 1m r.adi oautography: sec p..../) when the compounds 'containsuffi c1ent I ___ • 
. .'" '. ''0, . ,'C • , . ' t.· ; .:.,' ". '.. ~ ~, .• ~ .. , .. _'.. • \' '. 

;·';.·::~:amount~\ofr,adi·oactiv1t.Y. ·.It carm'qt be used'''lhen ~he~ical detection 

. ',methodS have'tobe einp;loy~d,.(a) because of the n:umbe~ of di fferen·t 

,."" colour tests which would have;to.beapplied to th~same paper, and'(b)' 

, ..... because o( the limited am~unt of 'ceil extrac~; which can be accommodated" 

··;,.:';·,,:',.'on;one s'heet of paper. and the vilr1ety'of comoounds ~1hich it contains: 
.........• ,,' ::~:.t • . ~.~:~ .. : " . ' . '.'," .., . ~ '. , . 

. :~ many substances. ~iou'd be present in concentrntions much too 10'(1 to be ' 
. " " . . . '- .'~ . ~ ~. - , , 

The chromatographic. tr.ap~ ~produced in Fi g'5. 1. 2. 'and j(2) shO\'J . the
i 

" ;; •... \ . ~ ~ , .. \ . 

pOSitions 'ofover'100 different co~pounds: not all of these can besatis .. 
. " ... 

'. 
, 

",'\-lith a label1'ed substrate •. label is hardly likely.to be found in the 

samoextract in all ,100 mapped ·substances. In practice. there is little 

difficulty.in separating the 30 or 40 compounds l1hich may be produced 

from a labelled starting moterial in everi a fairly.longincubation period. 

, ' 
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These techniques are not directly applicable to the ethanol-water 

insoluble material of cells, and to the lipid components: thus fats t 

polysaccharides. proteins, peptides e nucleic acids and other large mole

cules cannot be'inv2stigBted uniess th~y are first $~pq,rated from each 

other and then broken dm·m into smaller uni ts. The separati on of the 

large molecules from each other in a complex mixture is a very difficult 

problem, a~ with labelled substances the separations must be virtually 

complete., and \,1111 not be discussed further.{l) 

The metabolism of labe,l10dsubstances by animal~ plant and micro

biological tissues, aSi"el1 as by sUb;..cel1u1ar particles, can be inves

tigated by these techniques, tho~gh different f)ractical consid~!rations 

are necessary depending on.· the. source of the ti sSlIe. 

Experiments. 11:111 probably be of t·~10 b{1sic typ~S!· (a) a kinetiC 

study of the metabolism of one SUbstance ~y one tissue, involving the 

taking of samples from the reaction mixture at various time intervals 

after addition of the labelled substrate; 'Ilnd (b) studies of the meta-

holism of different lClbelled substrates by one tissue, or of one substrate 

under different exper'lmenta 1 condi ti ons. (Experiments invo 1v1 ng the 

metaboH sm of one or mor~~ substrates by di fferent ti ssue~ere not con .. 

sidered here as they may be regal4ded for our purpose as a series of 

different experiments.) In both of these types of experiment it is 

necessary, or at least desirable. to be ab1e to take replicate samples 

from the incubation mixture for analysis. For reasons \'1hich i'l'il'l become 

clearer later. experiments of the sort described here need small amounts 

of tissu~. and it is thus advantageous to be able to pirette the tissue 

as a suspension. 
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The nature of the medium in v/hich the tissue: is. suspended is 'of, . ~ " 

.~ .. 
" ". 

great " Inportanc(! ~.;, E:xces ~'f vequa~ tit i as o,fsa 1 t' must be avoi dad on .' ~~ 
.. 

" chromatograms •. Once" a tissue is idl1ad and extract~d,it become$very"~ 
:". ',' l ' ,?,. '.J' . S' . 

:', .:-.,-
difficult to separate the 1norg~nic salts of the medium from ml1teri~ls .. , 

.'l' . 

.. " extracted from tnecells.· The usual desal~ing techniques' (electrolytic': ,: '~"-':'} .. ".; 

. " desalting, or .rf!rtloval of saltwi~~ ion-exchange resins) Ciln norm·ally··-"··· .... ,,; 
" . 

n'ot'be used.}lith'the:e~cep't10n:'Of free sugars, most of the substances ·,o~:·. 
I -' . 

'of importance in i ntcr:-madi ar.Ymetabo1is~ ~re themselve's ionized atone .. ~,' .~',: 
.', . .,: , , '.' .' .,. '( 8) :.'. ,. ~, - . .' ~' . ...., .;,< 

'.;,,·pH or another.·~. lnpractice, salt must either be nearly or completely" ".': 
.' .. 

,absent from the incubation fncditim, or else' the tissue must be effcc-
, . 

t1velyseparated from the medium before it is killed and extract~d. 

~ , 

, ?' 0" · to use. They are often unfcel rular,. a~d 'tn,us pre~~nt no prob lerns of ~ 
...... ',' .' ~ . 

.' ". ~'. . 

sample replication. They' can be ~used (\swhole,orgnnism~tand do not: 

; ~ · these are removed from thei r- in sHu .1 ocati"onsand cut trito small Di eces " ". 
~ .' -. ......-,~. . ... ,. 

'or othel""r'lise ~ut11ated. f~any micro-organismS car; .be suspended'indis-

,: tilled v/ate'r 'tdth~ut shovtiog deleterious effects. Evqri when salt is 
• 1. .\ . 

· necessary to prov1deessential elements, or asbuffers~ thesaltconccn-" 
.' . ~, 

, . tration ,for sh~rt "experiments can often be l<ept very. ,low t · bebieeri 0.01 t~ ~ " . 

- , 
.' _.t· 

~ and 0.001 H •. :·1icro .. o'rganisms can readilybe v/ashed free from salt present 
O' '." : .;': • 'f 

!.c~'.:',,:' , in the1 r gr.owth medium, .and are frequently very <lct3ve metabol f cally when .. ": ..... ,- . ;" . ' 

:'.>.' 'compared \1ith the tissues 'of "higher plants and animals. For this reason 
'. .. , ~. ,'" " '. .,': 

,';i. 

",,""'~' very small Quant1ties"ofcelluiar ma.terial ar~ all that are required, 

'.', ,'~', lItith a resultant ~implification of chromatography. : . 
. P',:. 

The amount of 11 vi n9 materi al ina ius pens fon 'of micro-organisms is 

conveniently measured by determinin~l the turbidity .of th~ suspension and 

.' , 
'j' • 

: " 

.' 
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comparing this \t/ith a standard curve of turbidity versus dry weight Qr 

total protein. or by Ct1ntrifuging the ce11s out of suspension nt a ' ' 
., . . . 

suitable speed in haematocrit or"graduated conical centrifugetubes, 

arid finding the volume of the wet packed cells. If desired. the dry 

weight of a pellet of \'Jet packed cells of kno'dn volume can be found in 

the usual l)JaY. The amount of material to be used in each experimental 

sample wi 11 depend on a number of factors. chiefly the number of chroma ... 
. , 

tograms to be run with each sample, the r3Qount of cell extrnct which cnn 

be spotted onto each chrOinatogram~ and "'inether operati ons other than 

chromatography are to be perforlt!cd with each sample. The amount of 

material Nhich can be spotted onto a pq.per wnl be mentioned again 

FilamentoYs micro-organisms should, if possible~ be prepared in. 

the form of pel1ets, or as suspensions of very short fi1aments~ so that 

the tissue can be dispensed in a p1pette. 

Animal Tissues. For reasons of sample replication mentioned earlier~ 
( ..... 

it is desirab1e to obtain animal tissue in a form which can be ciispensed 

in a pipette. Slices can be used if there is no alternative, but to 

achieve randomization of sliced matel"'ial several slices mustoe'used, 

and these constitute a relatively large amOt.mt of material, only Ii small 

proportion of which may be I"equired fer chromato9raphy; the rest thus 

represents a surp1us. a'I'ling to the niqh cost of rt:ldioactiva materials. 

large excesses of the incubation material above chromatographic reQuire-

ments are best avoided. 

Apart from cells ~lrO'dn in tissue culturc t thr:re are t~,tO sorts of 

animal ti sSlIe pre.para,ti ons whi en arc convenl ant for the experimental 

procedure under discussion. One is a homog.enate of .the tissue. Sinc~ 
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. this contains a' high proportion OfdamagQdCells·~manYITh~taboncrea~t1ons<·, 
'. - ." ~ . '. . . ..,. 

which depend upon the presence of.,an integrated cen architecture'may be 
. . ". . . . .' . . /': . 

'··,';·losi.' ,The other pr~fparationis tissue~'/hichhas been .sHced Or chopped 

'in three dimensions to produce small cubes or prisms.· Hhi1e the' outer:-' 

. '. ~ most l~yer.:of~e.lls in~yhave beehdamaged t there is a ,considerable residue 

,'of more or lessint~ctce'l1~ in thebodyofaach prism. ' P. $uitable ,chopper"~' 

[ ',has b:e~~'denig~eibYMCrh;ain andJ3uddle.(9) and is marketed by H. !·Hckle. 
. .;.' -, ',. '. .. 

on ~tiich the tissue '·is··~laced on. several layerspfmois~ filterpaper e" 
" . ."' .. ' .. , . " . . ,", , 

whi le'~n.arm hel dinp} 'r;;zor: b la~c (HilkirlSOri"'Sr~ord) -is brought down· 

s.ha'rp 1y ,on'the' ti ~stle~nd cuts 'i t ·thro.ugh. "Bctt;lcen each b 1 Oi~ ,.withthc ' 

razor blade,',the'turi1table moves· a pre"determin~d (and, adjustable) 'dis-' 

and the chopping ,operationrep~ate~ again, this tirno .in.\twO directions at:'·: 

right.'nngles·to cachoth~r.Thercsult is a large nu:nber of smnl1 cllbes 
. .;: ~ 

.. ''',,·'or pri sms of fai rly, cons tant size.' The prisms can be made s,ma 11 enough 
.... .. . ""!, 

to pas!> through the mouthoT,8 pil?ette.ond havea"arge surface· area ih 
", ~ . .' . .' , .'" . .... . . , 

. /' -' ,- ., '.' . . .' ," 

" ., ,. proportion to their bulk, enabling rapid penetration of labelled substrate 

. ~". ..'. '. 

,to take p 1 ac~ to,'the ,ce 11 s· ,1 r the centre., Thedi s t~nce beb!een' cuts; s 

adjustabie bebJeen 0.052 f1l.'il. ,and O~728 m,"n •• and the machine is operated 
. . ,.", , 

electrically •. '· It hilS been' found conveni<mt .',<,Iith several rat ~issues 
. . ~ . 

the cuts at ,. ,',! '(liv~r. brain,.D.rtd'ki dDey) firs t .. to s 1i' cethc or:g.~n\'ii.th 

O.728mnl. intcrvcrls. follo~/ed' by cutting.the 51ices in t\·!O directions at 
., 

0.312 turi1. intervnls. Some tissues, such as testis. are ~o, 50ft v/h~n the 
, " 

. , 

tervals'is not necessary'; and two dimenslonal·chopping.'iltO.312.mm. 'of 

. , 

, : 

, " 

v ' 

f 
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the whole organ after removal of the capsule is adequate. The chopper 

is easy to USQ after a little practice, and should be employed in a 

cold room. the tissue being kept chilled until just before tho incubation 

period commences. 

After chopping~ thG tissue may be centrifuged at 101'1 speed and the .. 

debris from the damaged ct111s r"elTlovod by \1ClShinfJ. The tissue prisms are 

then suspended In the i.ncubation medium at an appropriate concentration. 

best found by experience. bearing in mind the nmount of cell extract· 

\tlhich can be placed on ci1romJto:;iraphy paper. 

I\nim,11 tissue must be s1.!spendcd in a salt mi ;"ture~ often containing 

glucose. The sal t conccntrati on i $ usua 11y qui te hi gh (of the ordcrof 

12 rog./ml.) , and as much as pos5ib1c of this salt !1U5t be removed before 

the tissUtJ is killed. In some circumstancas it may be permissibie to 

centrifuge the tissue and \'it\sh (1~I~Y,the remaining s·alt before killing 

itt though changes in the tissue are likely to occur once the salt has 

been removed, and before it is .1dl1ed. It would be d.ifficult to ~"J.sh 

the tissue .fr0.e of suit by centrifU9{ltion 1n less than several t.linutes. 

nnd this may represent n significant fraction of the total incubation 

time. 

A technique ~~1ich has been found suitable for animal tissues is as 

fo11 01'1$. Sinte.red glass funnels of No.2 pO}Rosity (pore size 40-90 u.) 

are fftted Hith rubber stoppers on their stems. I~ suitable size of 

funnel \t/hen small volumes of incubation mixture cu'0 hei!1g u5cd (1 ... 5 ml.) 

is one of 30 rill. cap.acity, with 0 disk 30 mm. in diamater. IICelHe" 

filter aid is slurried in distilled wotert.poured into the funnel, and 

the liquid removed t'Jith a \'Inter pUf:1p l";HW"ing fl layor of Celite on the 

5inten~d disk. The funne1 is then p1a.ced in the nec'~ of a vacuum flask, 



,:, ;.' 

" ' 

. ,I ' 

, ."'\ 
" 

't., 
, ' .. ; 

';,"," ",,' 

':", ~8-' r. " ,,,,,.,~" 

;\ ,. .,., ',~, .'.. .... .; .~ ',.' .. ::. . .'" I: 

i ~ . 

, ,.~' .,- 'b~t' inst~~d':of:~~eal-beingn~ada'bet\'1~enthc: rubher stopper on the" 

,i 
~ 

~, ' , 

",_, . funnel 'and' th~"n;~k of the flask.>'a ,rubber ri'n~i i~', int~rposed be't1.,cen 

"'~ th~ s't6Pperandth~·f'i'-uSk~';,Thi/'f:.ing'Sh~~id,bemade of f~i rly"thick ,'. ",-::" i 

'" ". ' 

. j. 

': '. .: ".' ",' . , 

,.',rubber (so'that it \'1l11flot coll~p'sta'tmder';vacuum) t' shculdhe 1arge 
. , I' , ; .' , • , 

" : enough to cover ,the. opening Of t~e vacuum"flaskleaving sevE:~rar mm. ,all' 

-round as ~l mat'g; n.: and'shouldcof.tain a centra 1 hole large enough f.o.r,. 
, ,; " "" .' ~ J' 

"{'" _,< tbe glass stem of.th~~ sinter~dfunl1el'to pass through easily, but small' 

'." . 

":_~ enough for the: ~ubber st'opper.to'h~mail~ entireiy on top of the ring. 
, ' " \. '-' 

, , " \". t, .. ' I ~ .,'",', ' :"", • • ',~' '.. "" ~ , , • • 

,j; , . .The ring'ifplacedon top ;ofthe vi'lcuum,flask,t the-stem of the funne1· 

; .. inserted.looselyJn~o't}le;hOlc~aJlda.,vacuum applied to the.side tube 

of ,thevClcuum flask., ,It \'ll 11 be : found that a good seal is obtained, 
.: ... ' 

,between "the funnel undthe: 'rin!).'· 
", , . .,. ," 

, ,~, 

. ';" 

',: ... ' 

.' "', .'At the end of theincuoation period,,' 't~; ti5sue suspension j<p:oured .. ~ . 
. ;... " 

., ,--',:,forsma llv91um~sr, sucked through the disk into the d~s!< by' 'vacuum,' , 

'.,- .1eavin'g thc'~1ssue:(prlsmS~slices. et<:.).on'theCelite.· /i. ft'M ml. of' 
.. ".

, " 

,; . . " 

~" ',. 

. I'. 

., washing wate,rmaybe passed through ( ano,ther1sec.} • The vacuum is' ,; 
, • , , " I ," 

; .. broken by tuming up theedg{t'Qfthe ,rubber' sealing ,~in9t thefunnc'l is '.', 

,J.' '* 

removed'. its' ~tem i~serted, into a CCl1tr',fuge tUbes~ tha,~ the, rubber 

, ::;'".-:.' poured ont() the tissu'eon ,thedi sk. The rubber seaJirigringenab1es 
" ' 

":'the va'c'uum tobebr~keninstantaneously':it. is sometimes very difficult 
, ., 

, .... to extr~ct'i\ ~!e'-i'-fit-ting $topper from'a' ,sy~tcmund~r vricuum. Jhe\"hole' , ,. 

.' :;, ,. , operation of 'fflterfng an'd, ki 11ing the tissue' can. be perform~d.wi th 
. '. .:-. 

'< , 

": ' by 5 ml>of i'lB.shing INater, and 5 mJ~'of BO per C(!"it ethanol for,: !dlling, 
, , 

over SO per cent 'of 'themedi.Uifl can.bn r:-emoved befo.re thci ce,l1s are k1l1e.d. 

" ""', 
. " .. '" " 

., 
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Fairly large porosity sint,arad funnels are desirable to a'1o;'l 

rapid filtration to take place. Hm'1ever. the sintered disks tend to 

be clogged rapi,dly oitt'ing to the softness of the tissue, and this is 

. avoided with Celite. 

> After allowing extraction to take place for an hour or more, the 

'stopper of the funnel is loosened in the centri.fuge tube so that the 

, ethanol may run' through, ass; sted by pressure on top of the funnel 

from a compressed ,air line or nitrogen cylinder.> The stopper is seated 

in the tube again, and the cells extl~acted with 2 ml. of boiling 20 per 

cent ethanol. The process is repeated with 2 ml. of boi ling \"/ater. 

The extracts are pooled. 

Jhe amount of salt remaining in the extract should be too small to 

'affect chromatography. It has been found that standard 10 in. squares 

oft~h>a1;mnn No. 4 paper can can-yo about 150 pg. of sal t. at .. 300 1-19. if 

the chromatograms are over-run fo!" tvrlce the normal distance (see Dela',',). 

Plant Tissues. Plant tissiJes'are often somewhat oasier to handle 

than nnimal tissues as less dilmage is caused by removal of the tissue 

from the plant. and inCUbation ~~edia usually contain lass salt. Unicel~ 

,lular plants are treated if} the same WflY' as other micro-organisms. 

Higherplilnts may be us!?d \,lhoh~ if they are s!1Hll1 enough (r'nosses, simple 

multicellular fllgae\l fel"!l prothal1i. etc.)" or organs may be removed 

more or less int(:l,ct (sceds, small 1C(lVHS o roots, etc.). \~hen 1arger 
•• > 

organs are to be dea 1t \'JHh they m~\.y be cut i ntb small pi aces (leaves, 

roots and stems) II or disks may be used in the conventional manner. \4hole 

leaves or roots can be stood with the cut ,ends in a solution of the 

active materia1. If B salt medium is being used the tissue must be 

sepnrated from the rr~2dium 'in the same ':Jay as I!lithanima1 tissues, using 
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' .. 
.··.,·i. 

: t" . 

r . . '. 
::, , . : .' " .. , .. : . 

( . 
. ~" 

~; . . 

." j 

. '. 

. ~ :i' . 
. theCa 1 i te.and·s ; nt2red 'fUnfJ'e 1··techiliqU~' of, the .ti ssu'e$, h;,ve' been 'Chopped;,.;' 

" " .:"-' .", 
> :: .. < :-:., .~' " .. I;~'~: 

" ,,'!'lith 'lnrgerpiecesof. thiri.;~ti$s~e:,: sncha~' ieaves, the. Cel1te pad'nlt'l)' be ",:. 
. . . . - . . .' . 

". 

" ',. ',~··o!!litted proviged the"~intered 'disks do not b~come cl0g9~d •... :.,' ' .. ' 
.' 

.. , '.' >,':'.'\' lilrge pieces. of ti~sue·'(\1h·ole.pl·antSt· ~ho'e leaves and' roo~s')' may·<·,,',<:,;, .. ' 
',,~~ .,.".', :.,"" .,': . :.: ..•. " . - :~ ...... ;: .:' .... ,'~ .... '" :.' .... . "' .. ,,- '" . ' ...... '... .'!;~.", .:, 

,··".convenicntly be killed' bydropptngthem.straight into hofling80 per c,ent, \ . ~ . , " ,", . "' .' '. .. . , 

:'; >'~tha'n'~l~ though:"? 'they :'~re' thtck:i t.is someti~es ~sefu' to 'sto~' the 
•• ::: •• ~~: <.: .':, _ , ••••••• ~,~ :~: ."~~"-'.: •• : •••• ,", •• '.'" .~.- ,': ",,-. -.' ' •• :~ •• ' ~,~~ ;'," • '. • '-i", ..... ~ ~.' .: ... ':. <,:.., .,,' 

'. '., ',;,·reaction byplunging'the'organor plant. di rectly~into 1 iqui dtli trogen.·· , 
. ; ," 

.,' .. '. Thefroze·lf·tissue'i'·s "grou~d to '{'(Jne pO\'/derwhi cnis':s'prinkl'ed into .. 

, hoi ling' ethano·~L:·.':~, ..;< ,.~. 
• ',! .... .:. . ~ " ~ " :. " ••• ;', :~, . ~ ,. •• • • • ... • : .', ". 

.,. . ". .' .. '.',:_ ',.:. '.\ '" '. "'" ' .. " 'f .. 'r," " , . • 

Sub-ce 1 hiler Parti.eles,~ ',.T!1cise,' ilre~reilted: ·j"-ih~" sume' 'day. as mi era- ,- . 
• :; < 

·'otganisl!ls. '. HQ~jeve.'rj)$Llb~c~lll~'ar;partici~~ areu5ual1y 'susp'end~d"in :~mediil~ 
'" _.:e'ontain i ng1 ~ ~gea~~rit~'ol' s'lt~ or S"9a:~, "it,,)! m t~.P.;t;~; e. '.:.< 

"' -. , " • ",' ',. 'j~' .: '. ~ , .', _ , , " ' , :' ,.' ~ 1., 

~,;". ". ""can be removedfro!11 the medium by ,.centrifugatioii before theyareextracted,;,. 

'. i' < ·,,·"the sa 1 ts a~dsugars "wi'il\be 'present in the fi nal~~xtraet.; Inth1 ~icas(J 
. ':. '. ";'.' ':>1 t i; ~e.c~s~ary:·to ascert~irl '. for~ad~ experimen:t~'lSYS tem the' c~pacity 

, , of ' the . fil ter' paper ,to 'ho id':~h'ese'SubstJnCes' \'1i thout thaf'; na 1ch romato~ 

, , , . 
.1.' 

( ,.~, , 'gram being !lrfe:i:ted:- ':,(.~·'r· • '.' ';:, ,.;;. 

As: a gU~ da the foll~~i'n~;"example"tnay be ~'f ;ome value. PC)) . lin', 1ncu ... :'~':"·:~'·:< 
-, -', 

,- " 

- , , I, ~ , ' , 

. ,.',.' "r,bat1on rilixturecontai!')ed the'fonO~\fing -su,Dstances·:.(mg.lml.):s.ucro·se, ' 
~ .. , .' ' " .' 1 • " ' 

.,Y;.:.·,.:.'; l71;vario~s ·si!lts:~nd·.co'CnZYI~:)S ••. 3. 'lml.. ~f tn'~ub(1tionmixture, after, . 
. , ,', 

.":f;'::~.~::; .va.ri ous e.x,trilctio~lS . wi .th,:,ethano.l :and~hlter, vfa,s i~a~e, U~ ,to 9, ml ~ Of 

·':·'··.·~thi.s, only about 125lJl. Cor J/72of the t6ta1)cQuldbe sPo,ttedontaa' 
. ", ,':;,~ .~.:' . ' ," ,~ , '" ';.-: ' , - ".'; " .~,' '...., , ," ',-

i 

i 

i , 
'1 

i 

", .-

,,:" " 

" ... 

, ~ ,,..' 
',~, . 

" .. ' ," i4cntion h·('ls. 'already D(;lCI1 made (p~ )af'th'&'necessitY'0f,purify;,,'g 

. '. b'" " .. hi '- . t i' ,j' , • 1 "·t ' . J. ( 11) . TI..· '.. l' b' 1· Stl sl,.ances ''lJ . en COn al.l.rUUJOCl1eli11Ca con arm nan loS. ',I.illS .15 . la· ·e· 

. to be of pal~t1 cular importance .\·;hen the subs tances have been prepared 
i 



., . 

biosynthetic.al1y. Generally labelled glucose, for example" is prepar~d 

from plants allm'fed to carryon photosynthesis in the. presence of labelled 

carbon dioxide. Although radiochemical contaminntiol1 may not exceed 1 per 

centft the contaminants often run ~hromatographically close to fructose. 

sucrose and aspartic acid, and may obsc~lrI:: these ir.tpOl~tant substances in 

subsequent analysis if they are not first removed. 

Unless there are contra"1nc!r~ati ons 0 hi gh ... gpecifi cacti vity substrates 

are most useful. as the biologic!}l system is then forced to use relatively 

more of the labelled rnaterial than it ,,./ould if lriuch unlab~l1ed material 

\'lere also present. Hence, more activity can be spotted onto chromnto-

grnITlS, fi lms nee·d a shorter exposure' peri od fl and assay or act; vi ty iti the 

spots is more accurate. There are, hm'/ever ll dangers in using high-specific 

./ activity substances, of \~hich investigators,. should be aVlare. There mi9ht 

be a rel'1tively higher degree of radiation decomposition. i.e. breakdo\>m 

,o'f th~ substance under the influence of its own radiation (p • ). If 

. large quantities;, of radioactive materials are used~ the tissue might 

suffer deleteriouseffe'cts due to the radi at; on It thOU4;Jh reports of this 
. . . .• (12 13 14 15) 

in short perl0d experiments are some'lJnat contrad1ctory. •. t \I 

Certainly. whole vi able organisms suffer damage ',1h~n exposed to hi gh 

. lev~ls of radiation, varying for .different speci~~s.- The use of very 

.. sma" amounts (by ~m1ghtJ of high activity substrates may result in the 

system being depleted of substrate before the end of the experiment,~11th 

vari ous consequences, des i rab 1e in Sdl::le cases but not in others. 
, '. 

Incubation of Tissue wi th Labelled Substrates 
•• • ill 

The tissue should be inCUbated in ;l5 smali a volume of medium as 

possible. This speeds the subsequent eVlporati~n of suporfluous liquid 

and avoids waste of tissue and rudioactive materials. Sufficient 



'. .' ~. 

'. . .. .. 12~· '" 
" .' ... 

' . 
. ,'.:' materfalsshould be ti~edt6 provide 'reasonable 1evels of;. radioact1·v~tY:.· 

. . 
..... . on the chromatograms II but as the capeCi ty to carry cell' extracts is II 

. .' ' ~ .. ' ..... " 

t . ' {. 

.,: "of course" limitclifJOf,iy.·SUfnd;~i1{.'fot,thi:: nUiiltet :of chrvri)at6qr:~i1i5 to 
'.''-'' ,'. ' "; . .' '.' .' , . 

',.;. \: 

, ." <peatciWc.miit<)t~raf.Jh.Y in, tiH.~' f:yE:fit~facei'o'efit ~f' unsatisracto~y s~~(,,' '. '. , 
. . .' ~., . , " ....,. . '. .., '.. 

. " 

• . J 

,"':iseparation; this:. inevitably 'occt!rsoccasiorial1y,,"': The cxpedment may be 
.' •. . '.".. .. ,.. '. • ". ~ "': ~ ~i .' .....'.. ,,' • • ~ ;. . .' " .' " : . '.' :' . '. . ' . 

:'. '.' C~~ ... ip,-i n!.t~·in nnr.;'\1D,';c:e>l·f'yo",,;'" "I""Y"''' ~"r.,l"\lM:ilir't>t.dth~rhwn "1~.v~r'ir\l;~.' ':> ',. 
"~.' • ~ ~-."':" •. ,-, .~ .:: ... ~ -:,-, •• ~ .:.-~-~, .... ~ •.. ~"'_',,:tt ..... ~ ....... ~; .--.~ .... ~~ ..,.~ ~'!'.-- •• : - ....... ~ _ ... :.. ... ~7' ~,-, ... --~::.'. '~;~I·'. ,,' 

intervals,'or'(\ hu'mber,pf separat~ inc~i)ati6n flasksme.,V be set ·u,,~pach.' 
.. "., 

for one parti~ui'ar $~!tof.condit.i(msanci~i~.,At the ar)p\~orriate~ime, ' . 
. j . . ',. 

.' " 

.... \- .' ;.-" 

, .,~ 
. .~. ._ '.. • .', A. i . 

'. ~. ",' 
' .. 

~ . . 
Thhexv~riment, j~' t'ermtn~ted; in the' case of .ind'Jv.idual flaskS~· in .' 

.. 

. . "'. 

~ •• J '.~,~.' ~,~ -/; ~'.';,' ",' ..... I.'.... \ . ~ . , 

, :.. '. tractingi+. \rdth ethanol (as,. describedi.n"tt~e~· section on :An1pal tissues 
. ' .• :,!'~'" ~ . .:;'.'~ '. "f! ' " ... ';"" ',:" .. 'l ... ···~" ,~.~~ '.' ':':'~' .... ; ...... :.: ... ,. '.'~. :. r. ::' ..i" .. ,.. . .. r.· :.;"" 

. " . , above) ;( 11) by centrifuging·off thetissue;:md td 111 119 \'lith rm per cent ' 

.... " 

~ ., ". . ... . . 

• : ~ " .-~.~'. .~. ,'. ,-;.;.~'... .~.......' ..' .~'.~.'. • " I • 

. ,'''ethanol. (iii) /)y'pouriJig'th(~,incl1bl:\t16n t(jixtureclirectly into four volumes 
; :. .. ",' ", '" .....• ;: ..•.. 'c ':'.> :~,~.~ .~,'~ ... >.-' '." :.'._' "~:' :~. "':::" .... ': " ~ . . 

;; :".' of 100 per ,cent ethanol; (iv) !,yadding fenH" volumes of 100p~r cent ethanol 
r" • .' '. '.:' :. > , . 

. , . "t H -' ti" ..' ; '. 1"1 '. 4' :'M • ". ~ .• hOU'.l (,I. :h,n ", rom.,ot;;'".:. '~)·.ot.i" ·.·'Il· .... n', th'e. ' . ' ": O_,l~ > ssue l!,!St..1Spens on~,t\(jr g'j 'nil xlng _ .. <.:: ". w<;; ~ I ", .. <: 
~ i ~. '.' ." ."', ~ .. 

':< "~,'. \iUtJstY'at~is a;dded. to"th~\j,t~u6'i and\ihpn the,tf~sue is. nrixed \'!ith eth(mol~ .' 
•• ::'."' ~.'.' ' .'0- • . • " ~~:, ' •• ! .. ~. '. . , ' .. 1~~'~·\·; ::.:; .... ',~' ~ .. :" \;.' . 

:: f •. ··· 

. ".': 

i~hen one inc;ubation vc'sSGl .is be1ngllsed from which samples are to be 
", '. . ' . ,. 

tll~cn <it intervals. thf:'~dthdraNal of:s·amples bymoltth pipettes should ·be," . 
. '. 

avoicled.Samplesof appr6",iril~.t:Jy ,~qiJal' VO'l)rr.~ f!'~l:Y b~ rr:mcvf.o Idthol}t 

,: 'disturb,ing the'~$t of th~: suspcmdon tlY.,i1slng an -{nc:uhationflask fitted 
, .. 

. ~:'., .. ,mcasi.H·e· is best fitted \;iitha male standard glas~ joint\~hich is fitted 

into a corresponding fema1e Joint on the incubation flask~, If it is 

ner;es~ary to knoii I.\Cctm~t(!ly t.he ainount (If tissue removed •. the $~r1ples 
f .' . ' '. . '.' '. " ..... 

. may be run into tared flasks of ethat101, which can be \,{eigh'ecl «1gainlater 



I 
i • 

-13-

and the amount of sar.,ple \'iithdra'tln determined. ,The samples should be 

run into four volumes of 100 per cent ethanoi. Accurate rcpli cate sam

p1esof small volumes of CHl1 suspension may often conveniently be 

taken ~1itha hand ... opc}~atedautorna~ic pipette; several patterns of these 
-., , 

,are available comfner-cial1y. 

Particularly \Itith micro .. organisms~ rapid filtration can often be 
" . " 

,ach'ieved vtith membrane "filters (l"li11ipore Filter Corp., Redford. r'1.ass.; 

'OxoidLt~ •• $outhwark Bridge Road, london~ S.£.1). 'A standard aliquot 

of the incubation mixture i5 pi'petted onto the filter t excess liquid is 

rapidly sucked through. and after disassembling the filter funnel the 

filter membrane may be removed and rilpldly placed in the killing soiution • 

. , ,All this may be done Nithin (l fm'l seconds. Some filter membranes disinte .. 

grate and dissolve on contact \11th methanol and ethanol. but are resis-

tllnt to such higher (l.lcohols as iso,propanol which is miscible 'dith ~Iater 

and may be used a5 the ~i11 i 1\9 so 1 uti 000 

While boiling ethBhol is deSirable for killing and extracting the 

cells, as extraction takes ·place more rapidly at elevat~d temperatures, 

there may be occasions \',hcn it,i's pref~}·r0d that tcmpcratul"es higher than 

.... ambient be avoided. due to hC{lt-lahi1e substances in the extracts. ihere 

is probably very iittle difference in th~ rate of killing of unicellular 

org.:misms, or small pieces of tissue, bet,'lecm hot and room temp~raturc .. 
ethanol. If it, is not convenient to use boiling ethanol to kill the 

. .' .r., 

cel1s~ but there 15 no other objection to heD.t~ the cel1s in ethanolic 

suspension may be' brought to the boil momentarily at a later stage. 

Ethanol is bost heated on a hot plate, or in 3 both of hot water. and 

tends to bump unless kept moving. 

" ,- ~' 



.:, '. :' - ,#.... ~. .' .. 
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" -> 
. ;," 

. ~ , .. , .. 
: ,~:. 

, ' 

....... f,' . _"':.~" The cells··,in 80,,·pe~-.-~~n't etJianol ·.are al1~'0\~ecf~t~ sta'nd 'for at ·le·as·t.: .. , 
. ~. ,"", • - . , .... , : ,<' .. '. • ·t:·' , -, . , ..... : .. ' -

, j """,j"'an hour, and 'are the~ removedbycentri ~ugati on." ,Th:e supernatant is , 
'.~ ,\'.~ , 

':/; 

, ,l.' . 

',: ~ 

'reta1'ned,two,volumesof:boiTJng 20 per cent ethanol are mixed '/Jiththe 
t. ,:;'; .. ' " '. . ,'.' - > •• ; • 

: .{ ... , 
- , ", 

" 

':',' ,.;rasidues 1l > an(fallowed~o" st~,mdforanother hour'. ,The process' is repeated' 
" ,J, : ' . . ;, ":.- ... _,', ' ' .. ,~,. ' " .' . ' .. i 

.:' ~'1i to' t~;/O \,0" urnes o'fbo11in9water,. T~esupernatal1ts .nre pooled and the 
" 

, ',residues discarded.' 'Some substances. pa.rti cular1y s~gar d1 phosphates t 
~ ','1 .. '. ~ 

'" '.', -, 

':ar.enotvery so1uhh~in 80: per cent ethanol, ,but 'are , read11Y brought 1nto . 

'~Ol'utimi'":i~<20 'per-,~~nt~e~h~nolo~'itlwater.(6);' ' ' , , 

" 

, '. .' . "~' .' . ., 
", " 

. ',' ,;"\",Tne'pooled extracts ,fromeacil'~snmple are concentrated to a small'.'" 
,',:,l.:: ' ': .:.?'!., "l " , •. 'l ' t·,· 

: voJume (less: than-J ml oJ i!:v~cu.o belo\1 4O°C.'Th~ extrl"lcts must', llqt,be 

e\t$lp~rat~dt'o d~yn~S~',as PhOSPhn~~~'S~i ck to th(r 918'ss ~nd are not eaSilY:' 
. ,~>' ' <" •• ~ .. ~,~' •• ~' t:- , , 

. 'removed'~ ,,"> '.~ :'.'; -. , .j;" 

, ", of' • ~. 

" ,",', Vacuu~'evapo~ation~,~a;; bec~t~iedout. \"fth aCr~i g'Type 'rotary 

cvacuum, ~vaporator (J.~., Towers & ,Co. 'Ltd.'. Hi dnes. Eng1 and) connected,'" 
-; J~. ,'.' ••• ' , '. .., d'." , '.' • . ~ , '. ' , 

:,'<, to awa:ter;' pump,'or . .'6e~ter~ YI,itha, rotating hig" vacuum .. typeeyaporator· 
\: ,', : 

,,' "'::'" (Rinco Instrument Coo 'In~:,"Greenville, Il11noi5'~ U.S.A.~ connected 
, r,,_ 

, ' : ":, through a trap containing rlc~tone and dry ice t~ a hfgh vi2c~um pump; Very,' ," 
','. 

..... _ • " ,to' 

, ~ .. - -.' , 

.. suitableflask$ f~r th¢ concentmt'ion ,of ,extract,s., are made by sealing a" 

very s'mall,tf:jbe(2-cm.T.longand lcm.di am.) onto,~ha bottom o'fa. 500 'ml • 

round~bottom flask fitted "'lith a standard joint. "The small tube acts as" ;,' ., 
. :', , , "nr~servoir :into~Jhfchthe small volume of, liqu;dremaining after the 

, ',: ,'::' '~::~;ri -evaporationca~(drain .. " The :botto~lOf the flnsk'sholild be 6lo\'10 out, 'Ii 
" "'":.,, ' ; .. ,. ' ., '" .. : . 

~' - P, ' ~. I .: ,,' ~ , • • ',.' '" .~/:'>~::~":::" ;.: ::: .. , .~,. : 
" . 'little,.so ,that ~iqlJidcan::'Gr:'pfll'e'venl.Y into tf~e.ttibe, v/ithout bcingob-

-, 
. " ., r 

• ~~ .' ;.. I , ' -' 

. r , ~. ...' ,flasks' it, i~'not ahlays possible to get the last traces orliqu'ld into 

'-1"-. ...... 
.. 'f 

. 

'\ 

I 
. I 

I 
I 
i 
I 

! 
i 

. , 
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the tube. A makeshift centrifuge Ci.ln be simu1ated by the investigator 

$\'l1n9ing t~)e fl ask hi Ycrti ea 1 ci rcles at ann~s hn0th through tt1n or 

twolve revolutions. 'It is important to finish this operation 11ith both 

the c.entrifuge and flask in an u~H'~i!Jht position. Thc concentr(}ted ex

tract is l-emoved from the small tube ~'1i th a teat-opetated capillary 

pipette, and made up to volume with ethanol (vllr!ch evaporates rapidly 

when spotted onto paper, and 'j s. thus better than ~·;ater). 

ChIAomutogr.':lphy of Cell Extra,cts 

PnperOHhatman No.1 Q}" 4 are the common1y used papers. The former 

takes lonl)er to develop and oftenproduc.es more compact spots t but the 

improved quality of the chromatogram is often not great enough to warrant 

the extra development time. An extremely good pap·er which produces more 
" 

compact $pots th;'ln any of thG!Whatman papers, and \>}ith less tailing. is 

Ederol no. 202· (J. C. 8inzcr Paplerfabrik, 3550 Hatzfc1d/Ederfj Host 

Germany) • 

·Spottinq. Appropriate aliquots .of the extract. are spotted onto the 

filter paper. It is essential to use air at room temperature for drying 

the spots, or sticking of the ph6sphates to the origin will occur. 

The amount of con extract \'/hich can be spotted onto one piece of 

chromatogram paper must be deterrdned for each separate system. Some 

guide may be provided by the follo',:dng values obtained with bakercs . , 

yeast: for chromatograms iihich are not over-runt the extract from about 

lOu 1. of yeast (l~ea$ured by c.entr; fugati on at 1 11600 g.) erW1.l1 to about 

10 mg. i'1etwt. of cells. may baspotted onto each paper. ~~ore can be 

spotted onto over .. runpapers (p. ); If too little material is 

placed on the paper, the chromatograms must be left in contact "lith 



-,' . 

. ~ -: ". 

.. , 
.. 

.. ~ ~ 

'" . 
'-.. 

+ .. ' 
; , 

'. ,.... ; . , .. , 

."., ',.', 

. - " ,>t 

. ".: each sp6t)/lill',be'corresPoflding·1.yJow •.. Too muCh extract on each' paper 
~ '" ' , ~ . ~: :, {.:'~ . - . ~ , 

.,' .~. rcsJl tsin'il poo'rer 'separation' Of spots ,and some't,ackgrow:ld f.o9\J'ing.· 

.. " ~' . 

.' 

.......... . .... -'" t·' 

, Fi 9 Ii' 4' n lus tratesradioa'utogr(lUts<f:rom.seVert.11 chromatograms' of·the 
" ' . . 

•• " ~ i " : 

same extract, u'sinri incre8Sin\lqu~ntitie$·of 'extract·on successive 
, . . ." - -. . .. : '. . . ~ 

'. ~!. . .'~ : " - .' , .~ 

!' .~ '. ." chromatograms ~' . 

, . ; Us~fu 1,' landn:iat'~s'::'onthech roma togramtnay be obtai ned by app l,yi ~9;:~ 
.. : "," 

. :.;-
',: .' 

'.: a small sDot:6f "Skri pU WC1$habl'eBlack Inlc n~~,A.·Sheaffer Pe'n Co'.}. or: .. 
t· . 

;'-.' " . 
" ',... 

t -.;_ 

. ," 

·ceati~4R,·'to~the:.6r'{g·i n' ~b'efote . thechromat09ram ist'un (P.· 
. .' ". '.;: - ~ .,. .' . , ;. : . .- . ., . .' , . 

. . ~.'-
) •. The' 

:.; 

'. dyes cali .;~J§obeused.to;in·dicate the' extent of.over-rw1nirifL (P. " ). 
", .- ... ,' :.,. 

• Am2~;~tVS'~r:Tha',al\1~:pO;~Ythen~ (or~' st~in't~s~:stee.l)' app~ratus 
.. "I' . 

must' . ' 
' . .-. ,:~' 

... ,' 

" ' 

.~. '. 
• .\" ~ • .. ,,:,.-.' • ,t , • . ~ 

;; .. ,. , . be used, as the-solvents. are corrosiye. 
. ~ ,~'. .. 

, "~'., 

. .. ' .-.... : . (~; 
• I" .- '" ~ I ,~ 

. ~ . ';~'. ~', . '; 
. : .. ,' . 

/ .. ' .' 

, ": Solven ts .. , . ' .. 
. "':' \.... .\ . :;.,'. -.' ,'" " ,', . . '. ( ..... 

'. "i 

PQenol;";'fater'. ,This Js prepared by mixing 740g.of phenol' with " 
. . -.. . . , :"~ '.,) -.' ... . .. . . 

. 260 ~1 •. of. distilled water.' 10 mi~' ofglaci afaceti-c acid andl:ml •. of ." 
... <.:.'.' -." '. '.-.. ~. :.-.~., ."~ .... , ',: :':-, .. ,:; .. <:.' .....•... ~ ..•• - :'~~'; :., •• - .•• ~: .. :-',. "'"', 

M;"ethylenedhminetetr:ciac~tic.aci d .. (potassium sal t) ~Ihe mi xtur~.is' '. 
. " , . . . . . .' - . ~ , . . .' ". . :", .... 

',': 
, .. 

, , ': : . 
'.: 

....... ' ,;,'.·'.monopha$1c above about16°Ci :Ol$tillation of th~'Phenol is unnecessarY~ 
• • •• :' .• ,. "¥"". .. . ", •• ,: ' ...• ' 

': '.' "/:::'--' n';'ButCinol .. Prop; oni C·/~C'i·d!'"{;latl!r •. 'Tl'/O So1U~iOn$'are pr~pared~ . Sol u-
- :"... . :.) .:.~ -~ 

,tionA.contains· 919 role of n-butanol and 81 Ml. of distilled i'/ater. - ~t;'~'~ .,. • ' . . _ 

" ... '\ r' " -. ~ 

"'So;utionB ~ontains.469:mlo ofpropioni.c acid aod531 ml.of distilled 
, '. . .J' .. ' .• 

. ~; 
_ . ':. 't' ;J"'~: 

• ,~ ~.' • r " 

,,' " "'.', ··t~ater •. ·tqu,d v~.l.!lmesof s6'lution~ Ill. .and~ are mi xed 5usf before use •. ' . 
.-:' . ;;.: ... ' ;' .~' .;. } 

.".' . 't·:' . "The mixture' lis monophas; c above 9~;C. Neither the butanol nor the pro- . 
" ".' . , - . "', ' .. ,.;. !. " 

',f 

'., .. 
" . 

. ....... . 
, .. ~ .. ~ , ~ 

~ .. ~. t . 

The·p.a'pet·.iSd~v~lo~edf:irst wi tn ,the Pf1cnOl~water~olv~nt. 
~. ""'. 

This. 
. . . '. ~. . 
~ ~ , . .' 

to.' '.1 ..'t-
.. ' 

",':. . ' " 

. - " -l'. 

~-: . 
'. <: 

. ~-

\~:~:;~, " , '-

\ ' (" 

.. ' 
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by drying the papers at room temperature.-'The first solvent -is almost 

neutral!) and the sep<H"ation thus depends on running first in i.l neutral 
~." 

. sQlvent~followed by an add solvent. 'If phenol.water is used second, 

the effect is that of jAunning in tHO acid solvents 0\'1109 to propionic. 

)..' A '/"'''.<.! G\.hl ren18ln,ng on ~,i1E; paper. 

It iS1mportant to dry the papers thoroughly after phenol-\'la'ter. 

Drying should take. p1ace in a curreritof air at' roOf!! teniperature: heating 

may d~hydrate the paper, and' result in phosphates stic!dnq and not running 

in the ~econdsolvel1t. Pre""'cqvi1ibration of the D{1pers in the f.ihenol':'\>later 

tank is desirable but not essential:' pre-~qlJi1'ibl"iltion with butanol ... 

propionic (lcid-wate," 'is .detrimental to 'the fina1 separation of compounds 

cn the chromatogram. Anoverni ght, or shorter? run is suffident ... lith 

botl1so1vents (200 .m16 in the tray). 

!i!.,ternative so} vent to phenol-wat~!:.. Althought"henol-water produces. 

a very sfttisfactory distribution of cOl'l1poundsalonl,1 the pnper there a.re 

sor;;c disadvantaqes in its use; the mosts{;rious of these is the breakdown 
"" . 

'. of scme amino acids during chromato~raphy in phc:nOl~(17 t 18) A nCt'l soi
.. the disJvribution of P'f values is not quite so good as j.n phet101;,,.\·/ater, . 

vent !:~as therefore developed to replace phenol-,:rater;/ but 1 ittln or no 

"-. breakdm·m (If amino aci ds occurs" The ~j()l vent contains tho foll O\,r\ og 

. components: (19) ethyler.ediaminctetrnacetic acid, 1.2 g.; 17 N-ammonia 

sblution. 100 ml.;.wRter s 950 ~lo; n-propanol, 350 ml.; isooropanol, . ,'- ~. 

is ml.; 1l-butanol,75 m1.; iL£,butyric ac1d~ 2500 m1. The constituents 

ar~ mixed in the above order ilnd are allo~·:8d to stand for 24 ht~. before 

use; the. solvent dOGS not deteriol"tl'te, at least for se.veral'rmeks. •. The 

running time is about the s'ame as that for pheno1-\l;atet~t and papers 

shaul d be pre-eqllil ihl"ated. 



:". 
\ .. 

' .. : ..' ..... ' 

! . 
." ' ... 

, .' 

-. ,. . .~ . , . . , 
. . .~ 

,~. . ... 
." '\ .. -

... :' 
~ ; .' . . 

- .. ,~ .... . ' , '.~ ., I,: ': ~ . f~adi o6utQqraphx J:. ~ '. .t.. 
" '$ .:, . ,.', ..... ,'. 

RadioCl~tiv~ ink .tnarks'.o:re"stampecjin the co,rnersof the dried 
.~ '. 

··"t·· 

thr.omitogra~·_·'~hi ch .is th~n Pl;;ce'd i~ contact ~"ith X-ray filmas .. des .. ·· ...... ' 
. -~ .' ..... ,}',.' '~. '. . -... ~. .' r. ,. . 

'~c~ibe(fin Ghapt~r •. ,', J,~1C: length of time' necessary, to expose the .' . ' .. '. .' . . .'. . , .. " 
...... 

film ~i'i.1f dfjpend on ~ variety' pffact~'r5 al1usiloul d be found by tr1 al· . ., ,- " ~ '. 
~ " .; 

...... ' .<: 

.. : ~ } 

";~ind'error~ ·tiiis. has'been discusse,d.on page The positions of 
..... . .. ~. :l~ <' '. (~ ... , ,,' '.-," . ,', ... ~. .' . ': ~ ' . 

. '. the rad1 oactivespots ate marked out on the chromatogram. and those 

. :'.' 

.' -' 

.. ,:' arecOunt~·d,· ~j f.·:d~;dred. ~"ith 'the Scott tuhe ~ or pthor equipment· 
.' .~' ~ . .'.' 

." (Chapter·:',,)· 
: .... , 

~. "., .; . 'C~ ,.~. 

: .... , . i, • "". 

.. .~ . 
/ ..... , 

. , ,':~ .... 'S. pot .·Identification 
.. t Jl' -

: .. 
';' ... 

t .... " .,: 

.~. 'I'. 
. , 

',.: '\';Thcl, t-jho~'d~s:uc~ess.· of thepr?~edllre 'depends ,on· the '"a'bi-11' ty Qf the> . '. , , ~ ~ .! 
, ..... ' 

.',' "., .. :.~ .' -:.~ ,,';e~pe;'if.1Gntc·~ to, ident'rfy th~'; act he spots on the' Ch~ornatOg~anl: .'. The ': " 
1 , " ..' • ~ " _ . ' ,', ".",' I (..', . ~ • ~. , : " •. • ! ~. 

'ul timate confirmationpf 'i.denti tY,l/su.a)ly rel1.es t~n. co~chromatography '. ' . 
.. I~ . l '. • '. .. '." ;: "' .... ; . .' . _. .. . . " . 

• • < '.1 • • .~ ~ 

" .. ; ' . .- of the"unknown"slIbstance, or a' derivtlth'e., v/i'th an authentic marker • 
. ¥. ... - . ; .... /,/, ' 

." ,- .... :.:.J'. fOl1'o;;jed'bY' '''ri'ngerpri ntingl1 (po' . J. Hoy/ever,' the' ~apidity VIi til ' 

" ... ~ .. 

• > I:'; 
,: ~. ,-~ ...... : ~. ~ 

' .. ·<"/hien th~ ~/orker ded des~ o~~th:C: corr~ct authenti (markerdeperids on 

.... : '.'. :;.:'., 'his't'h~;~id~eS5" ~~d ~~~eri encd~ .. Instructi onscllnnot .be given',for a 11':' ~ 
.:" '. • . J .... ' ' . "j . , .• , " ~ " 

, . '. 

"', ~" v • • , • 

. ' ... the.pass ib le s~"ot$\1hi etl :':may' 'be 'ml~tunder 3- \,11 de' ,variety :~,fe'xperimenta 1 
. .'. ",' .' '. . :." .'.' '.' ~ :-i , '., ".:', '''.'' I:,:'. """: '. ' '.. . . 

. ,conditions .DDot ,~riumb.e·r,· of useful' practi ca1 sug}jcstionscan' oemade . 
, • '.' , .'. ':., ~ > " '.' .' " '.. , :. : • 

. ',' . . 

'.'. :.' Which sh9U1d help:trle,',inVe$~i9a,tort()h,i;t upon the"'correct 'nat'~:e of 
" I. 

,t " 

\. " 

,: .....;.~... ~ \' 

the ,s~:Ot~' " .... . , 
. ;'. ;, . . .' 

. ., . .., ,~ " 

.~ . ~ . 

. '. the of'Ch~omatCQ,rcl!'!~' Haps Andlandn1arks o ~ ThiLH'j vo'lues :Of compounds 
. ..:,' .- :. . , .. .: - .' .. . "~".~ ':,'. ~ ~. . ;'. . . .~ 

, . 'c";,:, orf gitH:111y< .presenti,n " ce 11 extracts is ',of on l.Ylimit~d. va 1 ile in decl di ng . . ." .... '" .... ' . . . 
:-; , 

<~ 'upon' the'i r~atur~~"rhfsis bec~u$e'therrie'xj5 t51 nt<!ractionbet't<lcen 
. : .... ,.;., ~<:'.~. ~'.'.' .. " . . ,,': .~._ .. ,,' .' " _/. ' ... , '. .. ~.;;, .' . . .. _.. . . ft. 

. ..' " .. >.. . ·d11ferent.col'l;1pourids,ln 'a 'mi xt:ure ~"hi chmay ·,a 1,t<~r the; r'~ Rf va 1 u~s to .il 
f' ~ i· .. <' '~'. :.... " ... -. . .;' . " .: .... \ ',;,:", ...."-; .. :'.:"', : '.... :' .' .. ".' :.-.'; .' . . . . , ' 

.' ;".~" 51 gni ficantextent.·: jhe overal1patt~rn. presented. by the spots , to-

. ~ , w111 prove. much mDre"rew.ar~ing' than slavish devotion t? Rf numbers • 

" .. ' " 
,.,".; : 

I 
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The first tl)ing to do is t.o try to identify some of the expected 

products of the incubati on raactiol1. These ure v.fJr~y often promi nent. 

and provide valuJble"' reference point:; in the identif'ication of other 

compounds. As examples ofthll 'flay in which this may be done, mention 
, 

may be nli~de of the proDub-le fOr1i1ation of such compounds as malic, citric II 

aspartic, glutamic acids, and other. sltbstences associated k"ith the tri-
. . - . . 

carboxyl i cad d eyelet ~1hon tissue is prav; ded ',<lith 1 abe 11e6 acetate t 

pyruvate, or carbon <.110):1<1+2; the formation, in addition to KI"'~bs cycle 

intermediates of ,sever'al sug'ar 'phosphates from labelied carbohydrate 

sources; the products ,of transi1minati on \tJh('n amino ad ds or ketoaci ds 

are supplied; sugar pllOsphutes and nucleos i de phosphates froU) inorqani C 

"p32' th" d ",.' f' ('35 t U 1 b I f th . '.', ; me,10mnean .. CYSl.lne rom.';)" ~ c. se may a so e nJJceo e 

subs trate spot, if any t1 emains. 'in the extract. The characteri s ti c 

pOSitions occupied by the dyes' in nSi::rip" ink should be determined. 

and these provide additional landmarks. Help may be obta'ined from 

FifjsG 5.6 11 7, 8 D and9, and from publi~hed photGgraphs of chromato-' 

grams (and radioautoprams) \llhich 'have bt1£m developed in the sa.rr.e sol-
(1,2,3~4~7,10,15,20t211122~23~24) 

vent systems. , ..... It should be noted 'IJhen' 

using' prlotographs of radioautograms published here and else\'1here that 

photograph'jc reproduction $omet;imes loses some of the ~10aker spots on 

the X-ray film. 

AlthOl!!)hRf v~lue~ rrJ;;,yc!1<lnge from one experiment to another, th(~ 

overall patterns remain very cOrJstant. The distances which some acidic 
;~ 

· •. ·and.basic compounds run'in th~ first':;'dimensio:1 depend on the acidity 

. of the origin, and may vary somewhat in different experiments. But 

apart from tll"ISt the pattern 'l"'cmains simi lar; a little expanded here, 

perhaps~ and constricted\i1t;te, but still recogni~able. 

.' v 
'. ;,' 



. ' 

. ,S, ., I:. ,. 

>, . 

.. ,'- ,. t " 

,'e 

.. ','.' 

..... 
! . "'., 

. ', 

:'r 

.... ; 
. .... , 

. , .. 

1';" 

'::'~ ",t"' , 

·fo.>" .. 

t . ~ 

.,' Having decid~d upon'the naliire of .~',fe~1 ',la.ndmBri< ,sUb'st~nces. fur...., 

.. ~-', . 
.... ". •• , . .;~:. ~ ; -' " ,;..~. ' I .... • • - '~." .\:.~ • ~.: , 

: ''-, thcr'presumpt'ive identi'ficationz may bemad~fromthe. maps .andphoto";/' 'r ,,' 
'. ..... • , • c ,~, - • • •• 

I~ 'Spbt. ~lh.ich 'runs ~. for,' i'ns timce.li a j itt 1 ~ furtherth ana 1 ani nil ,;.~ , 
• . -?,. ~ 

( '~ 

;', 

,",may'wclfbcribulo$e.~ 'or o'n~'lying"roughly'rti'idv;ay bebH~~n pho~phoqly-
_',' _~ ..... ~. ' .. < ... : .... ; .. ': .~ ;': I, <, ' .... <-, _~ .~ .... ' ,<' > ", ',';< " "" .. ~ .. ' ,', ."" -" ~. .' I. 

! '. , " " cericaC:'id :il.ncLpl1osph.oenolpYr'uvic'ucid cou1d similarly,be ph!?sphoa1y:-:, 
".(: "' ...... :. '.' . 

, . ~, " } 
~ " . ', .. 

.' .. -
... ~ .. .- ~-' ',~,.' .'~,:':-~.: .. :'. ': ':",.~ ~ ',-:.. 

" ", ,thech~'omutografirJ:,;aps havebe'en reproduced:!iere in three SQctions "., " 
_. ,. ~ , ". .' . _ i 'i, ~ , .-. ~ '. -: 

• .' " , c - , .' • , .:._ • ,,:,~.', -; -•.. ' '. " ~:' • l:to ,. • '. "'.. '., '. ','-. .. . ' , '. '. 

';', forccnvcnicnce:and' legibility,. :'It,iS recommended that 1'!Clrkers'should 
~,' ." . . . '. . . " • ~ ~ .":., . . .' . • . • ' . - ,<' ;' -"~ : . , • . 

~: ~ 

" make. the; r ~ltm':~~r?e.'sc(Il~coiip~slte. maps . fromthl}~~ :three ,;:P.efe~rence' :" 
"~ '-<.:: ' • 1:):' • ."', ' ..... 

:,cpoints appear;on ihe'c1aps'printed'h~resothatth'eyma,y 'b~a1ignedio ... 
. .. " - ',',' .. .. 

'-:" .. : .• ;. ' ... ;''.:';' '.':.': :"' .. , ;.' / ";-" .. :<"'" ' ..... " , ,;'j. ,<, ," .', '. ',', .:.;. ..... 

'. . .. ·.gether:'·sucrosct·dihYdroxyace;tone ;euidal an i nc(or:ri hose ~-\"'hi ell. runs," 

.. ' ,',' .,.' 'next i01t).·aPJ)-eir'o~:al1.th~ce!n~ps; . others . (sev~"~~" iP~OSPh~'~a5 )a~;peilr" ,.' 
.. ,",,, -: .,' .',f ~'-, :, :'.', ,,-', <:,>"i' •. : '0;,' >:",;:.', :,'." .' ' ',' .. ', " " ,:' ..... ':.' 
,', ;::,'.on blO' tnaps~ >Additi ona 1 compounds. of parti cul at interes t to':; nd1 vidua1 "' . ... ~-:.': .. ~ ... !~': ...... ~-.. :.-' ... - , ... , . -. , .. " :~.'. ,- .", " . . ' 

. ,~. . 

. ,.' ~ 

'. . ... .... :~.';' 

;<.·~,·~':>:,~h!:fma~>ar.d~th~n',a~Unlabe·;lcids~~ple of the cOm;;OUh{! to be add~dto. .. ..' 

, theniap is chro~ttt09r.~PhedtOge·t!;erwith, <i lht~~~ led'ce 11 extract cOn~': 
. "~-'~'t, '. : \:. '.". ', •. '" ~'. _ •• ~,'''' ','"./1 ',', ) .~.' •••. . - .~ .:' '. '.~ 

,'.,':: :/.'::, :, .• '~ ;.~ tai ni'nn $ubs tances, ij" }'cady'i dtlnti fled.- 'The posi.tfon' of the newcor.i;-)ound 
" . ',' . 

': ,">':';'" '~:; m'uy bed~'termined by'acolol,lr'r~acti'ont"o,nd'itsPosftion' found iii rela-, 
• • r ;' •••• • • " • _., ',': ',' .' .-

'. (':'<>':::,'ti on to other 'substances·fntheextract. 
'~,;:.~ :~ ... > :' ,.. . ! " ' 

.' 
.. ;' . (', ' 

..:' ":"" 'Qv0r-rimning to S(!parate PhO'5·D!)jt~'S.: It "/i'lfbe noti cedfrom the 

~:':""; .. ,-' ::',~h~'omat;gram ':noj)s 'tn,at :a1\ the phb$;>hates ,'a're . crqwdcd \~,g~~~er ncar' 
. .' ", ,~ ..,~' ~ , ' ;,. ' 

the origin~, Jf'these.compoU"nds are imp6rtimt:toth~ exper1mentert s . '.: ".: 

;',)- .. ~'. 

, ' 
'·"1 

" .., 

-:' :l . 

purpose,"'~ bctte·r'.s~pat·ilt,-~ on,of them c,J.n'beachi eyed oy 'over~running : .:, 
. ,. t ~ 

·c1ent·as Cl'pad for :over-ru~rling one ascending chr:'omatogrllm~ '/',For ., 
' ..... 

~ . .' 

.,;. \ .",'" 

~. , . 

..... , 

". 

" L 

.' . 

:,' , 

. " 

"';- , . 

, ' 

. I 

'. 
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descending chromatograms. two papers in one trough should be s\Jppl1~d 

",lith about 43 ml. of solvent. and allowed to run until the solvent has 

allbt?en used. ,'!,n extra gU'ide may be obtained from the position of the 

"Skripl1 ink dyes: the red dye, should be run off the paper in both sol

. vents. As it vrill already have been lost after the first solvent f 

another IISkrip" ink spot can be applied to the paper after drying off 

the phenol-water fot indicating development in the butanol-propionic 

" ad d",water ~ 

, Over-running as ctescribed~bove vii 11 spr~ad the phosphate spots 

.,' about tliii co as far as u5ual. and should gi va a greatly improved sepa .. 

'. r(1ti on. About t\,.ti ce as muchcxtract and sa 1t can be a ccor.:'clnod a ted. on 

over-run papers. HOlf/aver, the size of the origin should be kept small 

'(1 em. diam.) evan though tr.fice as much material as usual is applied 

to the chromatogram. 

Examples of over-rtl" chromatograms are shown in Fi ,:)s. 6 and 7. 

Use of Larqe Size .Chrof:'latogr,ams,. Although quite $tltisfactory 

. chromatograms can often be produced with ce 11 extracts on standard" 

,10 in. square papers" it' has :beer, theiluthor's experience that sepa .. 

: ',rations are frequentlYll1uchbetter ~ .. h€m larger papers ilre used (Figs. 

,." 8 <lod 9). One of the 'main troubles\'-Jith small papers is that the 
, .'-.'. :, 

amounts of material on them mus't be kept minimal (p.' , ), and the 

resultant.small spots do not always produce clear .film images and 

'may have very.1m1 counting rll)teso' Keeping origins small is tedious 

when volumes of liquid over O.05-0.1'ml. must he spotted. It 15' 

therefore proposed to give -a fe'd instructions for the use of li.lrg~r 

sized Chromatograms. 

Standard 18.25 ine x 22.5 in .. Hhatman No.4 papers are used. The 

. ".".; .," 
.' .~ \ 
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' .. 
Or;~in5 :a~ spoit~d 3-,i~: from ,h';6' edges 'at "on'e corner, using'. 

" ~ .. "l· . 

" ,', '.' air at room temperat\.lre. '., T~e':'(}ri:gin~~an be mn'd'eas large as 20m'. 
: '.J ..... \ '>. " ." .. 

,',." : .. " 

;~ ! ' -. '" 
,.,' .. '.(" 

, i 

.'~; : . 

'~4'~ " 

, '. ..;..... , '. . ' . " . ~ ~ 
'.3' em.' diatn. ,for qver-.'run~·,pap"e·rs~~ .::Chromato.grams (l·ra 'run b.Y .ttie·\de~ ... :~."',~.'or r ~ " : 

. ' . ".' ; ,., . . ' .: . ' ..., ~ .. 

, .,.. : ~ . 

.~:,- cending'techniq:ue. in. the solv~nt;'tlescri bed above', p~). 1\11' , '" ,,:,):~;::.:-. 
" . ., . . ." .' '. . .. : ~ .. :, .. 

, "":':;' apparatus 'ccm;{~ginto' conta~t ~ii til tile papers 'and 'solvents 'should 'be ' , " 
•• ' ..... r .. ", • - " • " •• ' .!, .. " .•••.. ". ". , 

,' .. , .. , 
constructed ·of the type 316: stainlessste'el ;asui table type of trouah \I' 

, . '. - , " ,', '. .,..,," t." .. : . 
\: ' 

.! . 

24 in. long: and fitted wi than~i:;':syphon' bars:, 'is::described by Benson. ,\., 

.... "., Bassham, Cal~ino -GOOdri'1~~",Haas an-a ~t~Pka.~(25r:Adja·~{mt troughs. arc ' 
. ~ . . ., ..',,'" , ;, . ' . 

.•. .placed 1.5 .. 2 in~,'apartintha tanks.' Ai th~ugh':~dt ,menti oned by these' '., 
. ... '.' ~ , 

. auth~rs t before the ,pape~':a're' pqt inthe'trotiqh~ n'U~shapeds 1eeve of' 
. ".' . .' ..... '. ~ .' , 'I .. '.. '. , . 

',' 
.,: . ~ " 

. .." ~ 

thinsta1nless',steel·1'23.5':in~long·t:.is ?'aC~d~ve~'th'e anti"syph~n.' .:" 

, . 
. . ~ , oarllwiththe prongs of the tip.oin-iil'lgdo\~nwards.lhepilper 1s then 

, ,>. '. • .•... ' ..• -,'. J ", • 

~ ~. ',' 

placeddn the, trough in the ~s-uar'~\iay,curv1ng dOvmlF!ards over the' 

.:. ,', sleev~o and'fteighted: in position 'f/ith ilstainlesssteel. anchor ,rod •. 
, ' ..... 

; •• f " ,,',: ,The 'sleev~'s'have the' aclvanta9? th~t the papers n~~d not be, tou'ched:' 
' ...... 

. ," ,~. ~; . ~" . . . . \ . '\ ' 

- -one or t~·to stainl~ss 'steel or polythene-coated IIbulJdog", clips are used- ': 
, '., . ..' ,. . . ;:. '.~. '.,. . 
. to, c.1 i p th~','pap'er to' th~ s1eeve. <t.he"s leeve and paper 'are removed to~ 

, ': >" . , . :. .,' .'.. '. . 

. ,";-. pin,i'na'su1tabl\l f.ram$~"'" '", ':.; 

".~: :'~,:."'''',,, " :':'For"~unni'~~~L,s'ql,ve~ts;'~t?;'th:c~dgeS of the'paper "onlYt 100m1. of 

" ": ,':":". solvent i~ 'added' ,to 'oad'('t;OUQl1 cOlltai~inq two pape~s. ~A.t 22°C the 
•• • '.' ~ • -,J .... , 

, ~.' 

~, . .. ' .. ~. ~ 

.' 

'" " 

phQnol"\\Iaterreachesih~bottb~in 8-TO hr.~, and the butanol-propionic 

acid-v,atari n 'about 7 hr~~1t.thepheno 1."'W[\ terbei ngrlln' firs till ongthc' . . . . ..... . " '. 

. I 

.. , ..... :. 

.~ , 

, , 
! 
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,trough containing GOml. of solvent fortlNo papers. When the papers 

, , are to be over-run~ the trough contains 200 ml. for, t\'JO pnpers t and 
, ' 

" the solvents nreallowc;d to run for 24 hr. Nith phenol-l:'tater s and 20 

, ,hr. ''lith butanol-propionic acid-i.vater. If a constant temperature can

not be maintained; the trough should contain about l70 ml. of solvent 

for t!t.IO Ptlpers, and dev~loP!11entcontinued until no solvent romains in 

the ,trough., ; Individual Horkers may \"iSh to'vary the ,amount of solvent 

\a!ld·thQ,~·6Jie"'allo,wed;~:,for, ov.er-ru.nning to suit thei r O"d!1 purpose • 
. i '. -._'" -- ·i~. '-', .... !" .. '." .. .:'.:.' .... '. " . 

. : . 

'For,tho'preparationof'radioautograms 14 x 17 in.'sheets of X-ray 
'.' . 

"filr!}(lre USliH~~ thisisast'imdard size.' It·is nec(~ss(\r'y to wrap the 

"- .. 

edges of the paper around the film (or to cut them off) : see discussion 

.' 
".~ .' 

C8nfirmationof Seat Identity,. Having. mad~ a pre1imin~.ry decision 

as to theidcintityof an active spot from its position on the chromato-

. r .. 
" 

. .,., . 

~ .':'. ' 
", gram; confirmation' may ,be obtained by co"chromatographing the unknown 

,spot ~..,Hhan atlthenti~marker substance. The spot should be cut out ..... 
, ::fi~oril; thechromatogrmn ihsuch a manner that one edge of the' piece of 

,,' paper cut out is straight, and the opposite edge is trimmed to apoint. ' 

...... '; .:.\ .. : The material' may then be eluted off th~ pup~r with ItI,atcr in the appa-
..... ' 

'(, ratusshown in Fig. 10. A paper \·11 ck, the, length and \'J1 dth of t~/hi ch 

", depends, on the size of. the spot to be eluted; is hung from a trough' 
'" 

",containing \'later. The 'l;;ick is thoroughly wetted ~'lith water and suffi

"cielit surplus moisture is added to allow a drop to :form along the 

'""bottom edge,. The straight' ,~dgcof the spot: is n~piied to the ~~ottom 
.,' 

, . "edge, of th~ \"ick to give ,1-2 mm.of overlap, And the spot adheres to 
~~. ;. 

, , the \",ick hysurface tension. A sinaH test 'tubejs placed belo~'J the 

. ,spot f itith ,the point of the latter just fitting into the' openjngof' 

. (.i·,f'; .. ,:" 
f' I.' 
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;' . '" ~he tube.' the'.glasschromatograpl1.Y' tank is' placcdupsid~ <kriln· over 'the' """" 
. I' " , 

r"" " , : : apparatus, and elutio~: ,~~aflO~ted'toprocea? . 'For' a spot craverage ;'~',:~. ' 
. <" '., "size' ahout 0.25 role' .of'wa~e~isSU,ff·iCi0ntfor quantitative ~J'ut;lon.·A ... 'i, 

.' . 1,lj. .,' 

':.f,';':.guide'to the progress;·of the'clutionh provided hy' the use of'IISkrip" -." 
'" .'~.'"'' ~.:;.' ;~ ,: " , ..,. " '. " " '.' . ~ ::, . ~ . '.', ' 

,:' ·;,:in~~ T"10, or three. ,small spots 'of thelnk' are plt~cednear·thestraighf·' ..... . 
: 'j' .'\ "." . • • ' 

" .. ~ '.: 
'" .' "'. " ":. , 

\.",; ','edg~ of the spot -to .b~ eluted .. before it is hun~l 011 the paper'\<fick. The.,,' 
. . "'.~ ~ '.. '. . .' '. . . 

,', ink·cont.ains,~t·hree.·dYe$:.red~yel'io\,I~' and blue. ',The bltied,ye1s .Qluted ,.'~, 
• ~'. '\ ... :' ... , ' 'I'" ,,:. ~.'. '.', , , . • ." 

'from thC!'parer first 9' fallowed by a mixture of the red and Y2110w dyes;. ' . . " ' 

By the time ,'ihe '~'d' a~d yel.\ow dyes are almos1: elut~d from the pa~~rt .'~ ~. 
y an thera~ioa~ti\ri~Y \~nlha~ebeen e'iut~d>~~cePtP~~sihljf 't1~thsom~,':: 

, . -',' .' . " . . ~ ~ "'. '. . , . ' 

:'. .' ..', ; , 'II . 

. . '. diphosphate e~ters~~ The completencsso.f elutiorimay he checked a.t a 
'. . i·' ,": . .,,' .. ">. . .'. '. '.. '. • ".~ . '.< ' 

.' .. 

':, ':, later,st~gc by,:rcm6ving"thes-pot from th~ wick, .drying· i ttnild thEm 

counting it ·\'tith>(i.'$cott:t.uba,paY1ng particular:atterition to the . . . . . .. ' .... ,... .' .', .... ! ,.·,f· ". ' . 

pointed'end.,Thepresehce of thcc!yesin theelua.te will not inter.. . . 
. -i., . 

. '. , .. fere' "itth 'an}'5t1bs~qtJen t' ch,emi,cal: mal1ipu 1 ati ons ~>and w.i nprovi de, us~ful' , . 
, "I ' • • ~ .' • _ 

. '. ': markers' on the, phromato9ranlto, .bs'runforco-chromatography.", 

• ~.',' ...;' .'.. . .' • ' '. . .' '. • !" 

' .• : ·· ..... the·appropriatechipt,erfG~ qU,antith~s).and chroinatogrllphed~ . ltmay be ,,'" 

, ,,>,: '~f""~ 'r' des ; rab16~i fthere:'are~'saveraiposSi'bleid~nti ti es for theunknov/n " 
. ,' .. ;t"', . "" .' ." 

" .... ' 

.,,' s,pot,p: to subd1vf'de",thft! e:uate .lmd co .. chromatO\1raph the unkno\!J~ spot 
.' . " ~. , . 

"'., with more th~n one .~arkeron separate Chromatogra/!is., .Gerierall.Yo hot 

,,:.' '. ai,'r' maY;Jetls'edfcir::'sp'ottingat :tri'is,,~tnge ,wi th' a"r~sili;tantsavi n$1 of 
. , • " :'. ' ,-. .., '. , ,':' ."t.~ • ' .~.' " ,. ': ' ,. 

" ", .. ~ .... ,' " " .;, ... , ',' 

~ ~. ,,'':~ ;", \ .,: ,~ . '. ,., ,. 
v 

.: ; ,. " ";: ::':,-,. . ti me. 
.. ',". '.' ~ < \', 

, .' '," ,':"!., 

.In m~n:v CilS~~·,i 'tiS.' ~'dvi s<lb'1t~'t~:de lay~~ .. d,r~matog~aph.YtJnti1 . <" ., . ,.",,' .' ....... . 

•....• : 

" '. 

after a'prel1~i!1a'ry; inyestigati'~nnasb'een ma.de;'rito the nature6f ·the 
"' .. 

' .. ' un';den,tifi,ed substanC<.'?,: Thepreparaiion:of deri'lates of .certaincom- .' 
" .' ~ -, . .., , , .'. i ~ ~ .' , ' • 

. pounds(e.q~',d1~it~oPhenYlf\ydrazones ofketo .. acids)·m~i ass,i,:;t, 
".0' 

,'. 

~ ... ' 
. to·' 

" 

'-. 

'. 

.... 

, 
, , 

. . ~ 

j 

• ! 

.! 
J . , 

; t 



" 

. ~ 

, 
,identification, pllrticulatly if the substances are volatile (e.g. pyruvic 

nnd glyoxylic acids). Keto acids may also be reduced to the corresponding 

hydroXY acids bypotassJum boroxide. 0.05 ml. of freshly prepared 

"potassium'oorohydt'idesolution (4rng./ml.)is added to the unidentified 
. 

compound ana an authentic marker contatned 'in about 0.25 m1. of \'·rc'.ter. 

The pH shou19 be abo~ie 7; and provided no a,cid is othen,tise present in 
" 

the solution. a high erlOuGh pH t'lil1 be provided ,by the borohydride it-
. '. ',,'. . . 

self~ 'The unkno~"rlsubstance is 'al)owed to stand at room tcmper(tture 
. . . . 

, for 1 nr.and, i s, theI1Co~Chmmatodrap!lcd with the marker. 

Treatf'lent,of Phosphate,S withPho$pha.tas(~.~ Even cnover-run'chrolna

:togi"amsthe phosphntesrunf,drly close tOf1ether. a.nd itis sometimes 

difficult to decide th!~ probable nature of a parti'cular spot from its 

chromatographic positicnalone. HOHeveh h.ydrolysis of the phosphate 

ester results in a sugar, sugar acid or nucleoside, and these are much 

ea~ier to iclenti.fy. than their corresponding 9hosphate csters~ 

Thcpnosphatcs are eluted from thc'paper. To a solution of the 
. 

unkl1o,'In phosphatt~ contained in about 0.,25 m1. of \"rater is added 0.025 ml. 

of 'O.2t1 ... acctute buff'~rll pHS.D, containing, 0.01 ~1-~;lgC12' A~lthentic 

'marker fsnextadded. follm-Jed by phosp!'Hltase solution (see belm'l): the . " ,. " '. ;'. 
. . . , 

, mixture is incubated at J7.°C for2~2{J hr. depending {)n the phosphat,lse 

used D 'and is ,then chromatogral'hed. 
. , '. .' . 

T'rlo. acidp~o$phata5e p~eparat:i.o0'3 can be used. The, most sat; s-

; ,factory 1sthe~upcrnatant liquid from human semen after cenh-ifugation. 

Semen can be obtained fromthc fertility clinics .of hospitals,; aged 

semen_ of 110 fur-thar' clinical use, 1·;orks ql.lite well. The phosphiltase 

,in this prcparatipiiisvery'active, and when 5-10 lll. is added to about 
• • . I 

0.25 ml~::>fsolution containing the unkno'tJn phosphate, hydrolysis is 

, . at'· 17Q C,.(26) complete tn 2 hr. y -
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',' , " ,', .. ',~26;"'" .';',:' 
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<',:' , .. ," ·Pali daSe~:S(Sci1warZ·i.'aborat6rieS~~':Inc~ j is:a ~;~de eYlZymep~~para~, 
",.'\,: '::'ti'on ;'rOmWhiChan a~id 'Ph()SPh~~aSeC~~bepUrifi'edaS fOll~s. (2i)~,. 

, '.. :.: .. ~ • t , . ,~ . . • ..... . . . '. . 

", 

,', ';,.': ;',:::,;i"::l'ri~ofpol1dl1:se S 1'5, suspi!nded if lOml. of' distinedwater •. 5.66 g. ,,'. 
. ~~.~: .. r':.::.,"_I..··. \' .... '. .' .. ' .. ~, : ," :", .. ~.~. ' . '. 
j' ~I;'. ',·:·,.,:,?ofam;H(mi'uffl sulph(1te are added gi.V1tlr.L83 "per cent saturation ••• , Tho' 

:' ·.·:..-. .... '.·~,~ture TiS hel~:·at O°C~O~.'10'mi~.t~~:nd t!~en cent'rifuged at 25.0009'.'" ... ,' 
. . ,. " . ., 

" 'for"$\nf~> at'·O~c..:Ti~~' res'i d~e'1S discarded,'and to the supernatant .' , ' .. 
" . . . '. . .. :~ . '" , ... '" . ~ '. ':::" ";:". . . '. . . '. " .' ' '; .. ~", 

," '''is' added 1.20 g. o:(a~~miumstJlph'atQ •. rh~s91utionis cooled to O°C 
... ~ '". .' ''\-' . . t •. : .' • . ~ . :: . • .", . • ,'..... '. ~, :. ~' .... ." . . ' . 

'.,; ;'"for' 30rnin.~ andagaii1.cent.rifug~d ,for 5 min. at·25,OQOg •. ,Thesuper-' 
. : :.' . ~ .. ":.' . . ,.... .~, I;. .~'. . . ':. ....... , . '. . . " J • '. 

natant is discarded,the irecipftate diSsolveclinO.G mI. 0(0.05 $.1-
.. ~.' 

,.... ..' .' , ......... . 

. " .. acetate b¥ffer:~'. pH, 5.Pt-~'~ontafning,.o .ol·N-r1g~1'~ "andthe soluti ~ri. 
, ,:di al.Ys~dt6~em()\le:ex~essa~lmoniu~' .sJ, Phate.About'30~1I1.'(Jf the" :,':, 

\.'" 

the unknown" ','; :,:.',: fin a 1 so;u't 1 o~:i~ ~~ded,tb:Q .25nrl~ '~'f;s:ol uti onc~n t a1 ni ng 
• ....',. • h • .-,'.' :. • ••••• -,,: :. • ~ " , 

" ;:·~·.",~·~.'PhosPha~eli:af1d't·he~i'x·t;ure fs~ncu.bat~dQ'vetnighta.t 37°C. ,It is,' ad- " 
• ~ I ;. •.. .' . ~ ~, . 

'.;":~"'" .>visablE"t to:'~dd' ~'fe'd drops:oft~'l~'~~eto the mixture to prevent bac .. ·,,~., 
:.::: .. '."~:;. '.". :'~ ,:.- .' .. _ ... :~. "'~' .~>', ~'>'t::'i , .... '.:.... .: ..... '.-'" .: ......... ; ~~ ... ' . (". f " .,~"'-''', .••..• -. • .~.'.. • 

<":~; .'.",' teri aT. growth •. Sol uti onsof bothpho~phatase!;:' ~hould', be'::stored' in':,.the ,.' 
: . ..' , " '. ~ ...., . 

",:' . .., . . ~, '/:.:' deep freeze.: ." ., .',':'" '. 
• ~ J, _. "': • .. . , . . ~";.' .. 

. . 
:,:', <',' ,::-:, " .' ,Some nucleoside,'<polypf10sphat~s are 'incompletelY'phosPhntased ~/ith 

.'/ ,,~, .. <t.':, 'the' en~Y~~5'f a~d m'o~ophOs:ph~te~ t~ay be 'form~d. :H~we've r,. these' 'can :' be" 

. ", 

....... 
\.:',.' 

.. ~. 

. :, ...... ' 

'.: . 

. (-., -. 

Having identified tile sugilr,sugatacid.' or nucleoside component 

o·f· the pnosphate. the nu'rnber of phosphAte groups on tha original,sub';; 
. . '.',. . . . ,: . ',' 

'j 

• ~ t' • 

" 

' ... stance' i's inferred fror;l.:itscllromatOgraphf'c oosition usinq the maps • 
. .... .' .' ' .. ,) , . ... . '. "" . ~. 

':'J '.'",-

::':"":~' ,';':: .' Iso~~rH: forms'; ·of:·Phb~phate·esters.(c~g:· gi!Jcose""l~phOSPhate .. and ...• .. .. : 

.,;' ,:' .. ":91IJc~Se'~6~PhOS~h~t~"~~:?-Ph05Ph,O;lY~~'ri cacid and2':'phosphoglyceri ~ . 
aci.d) cannot 'usua ny" be separated' il~thi.ssol vent system • 

. ,. '. ~ .. 

", ':: .". '.' ChrOml)togram~ of c~ll' extracts incubated with labelled' carhohy-' . 
' .. ~. ~ '. 

,,~. . '-dr,ates and other subs:tances often' ,sho'<I two prominent spots!> one of 
'.", .. ' . .'. ", 

. r.··· 

:: ',~ 
'.' ' . 

, , 
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. . '. " , 

mixed s~gar monophosphatcs t and tile other of sugar diphosphates. "These 

are li ke ly to contain appreci ab lee 8mountsof. fructose and glucose phos

phates, and.~ven af~er -the $pots have been treated Hi th phosphatase, 
" . 

, -separation of otner slsg3.l"'5(e. ~.,scdcheptul 050) 1y10g chromatographi. 

, cally betvlaen fructose and glucose'is difficult' in the p;H~nol"wi.lter& 

butanol-propionic aCid-v>1ater system. It may be necessary to usc {mother 

',:'solvent system designed specifically fo~ sugar separations (p. ).' 

"', though somefrnprovernent of the separati on in the prescnt sys tem can be 
- . . . ' 

obtained by heating thesoh1tionjlarter,treatment \'lith ~h05phataset,wi.th ' 
, 1 ", ' ",,' , , ', , 
,N;"HCl at lOQoC for 10 min.' This' converts over BO oer c.ent of the serlo .. 

, .~ . • i" <' -. , .' 

heptulose to sedoheptulos£ln.- '1'11li en runs ~<}el1' in advance of fructose in 
.' •.. <.' ." , 
.. " .- ' 

'phenol-water, ;:uld abqut th,e $Clme dis tancei n butano1-:,propionic aCid-

w~t~r. (2'gt:, 
'.,',' 

,_.,'", . 

., : , ;, For chromatography of substances nfter treatment r'/i th pho~phatase 
'" . 

•. • I 

1t,is'notnecr;!ssary to remove the enzyme, and hot air may be used in 

,spotting. 
.',' , 

'Cn~~boxY'.icJki9~~ _ Co~chromatograms, for identification of carboxylic 

acids should notbe-ru~ \'lith butt1nol~prcpicniC add~',~ater as the second 

,solvent, ·ifthe' position~ of thernarker carboxylic acids are, to bo de

tected with indicators" becaus~~tl1e b<lck~p:'ound is Hable to be too acid • 

. A second w;efulso1vent in this case is the ol~ganfc (bottolil) layer of 

-'a m's,<ture of>8part,sof'ter,t-amyl alcohol~ 8 parts of chloroform, B 

parts'ofwilter, and 3, parts of gil per cr-nt (v/v) ~':-ormic acid.(29) The 

of ai r at rQom temperature, ,and the paper then gi ves ,a-neutral reaction 

, to indicator. 

..', '" ,'. 

;.;. 
'"It, 
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Care' shquldbe -taken 'to :erisur.e'thtlt· rnarkerpr9ani c acids 'are in '" <,,:-, 

to,. ." : 
\. 'c, 

. . ,."~ .~ . 

. . ", . 
",,; .. ': .... , 

;:-:!',;- _ ,:'salts l~un,sorne\'.that d'lff.ercntly frbUlfree acids in certain solvents and'".,· 
r ~'~' ,'. . -'. . .. . - . .~. '. 

,', ..... , .'." 

incorrect t~esun:sm~i be obtained~ ". ," 

, .'." • • :',. .. • ; ~ I" • I • •• 

-' Identification I>lhen-Narkers ar'enot ll.vcri1ahle.·, Authentic markers -', ' 

. ,'. 

.. ' .;" 

," ' ... 
: " ~. 

, ' 
", '1. .,' may not be ,available' for-all, substances encountered on the' chromatogramS-~ .. , 

, 

I~ such cases definite confirmation,'of identity may beimpos;~iblp.. though-
. -

a number of,ch~mic.'lLt~5ts may bemaoe with the:activesubst'tmce t"hich 'e' 

can give'clu~sas tc'its nature. :Each -t'est is' fol1o\'Jedby chromatography. 

,of 'the products i n:'. an atte~Pt t'o'Pick upaneasi1y,fd~ntifii1ble sUhstance; 
e~ •••• 

'", ~ . , . 

As the amount 'of material on c~'ro.imtograrnsis very'smalli n -terms of ... 

- ..•.•. \<Jeight,the . chemi cal testing of,unkno'"mcomp()unds-~ust depend on fo110\1~ 
• • _._'. "J > :' "" • •• 

. ,,' ' 

It is, of course~imp9·ss-ible to 'cover a11. such • compounds -li,able to ' .. ' 
, . ~ . '. '.' .. " . 

ShOi'! up in ce 11 extracts.' HO'ifCver.,.u fe'd simple sug$ies~ions cm, bp.!J1ade 

", ". to illustrate the type of procedure which is often 5uccassful.' -' 
~ , '. ,~. . , 

If ;thespot appears ,intl1(~ phosphate area of the c~romatogrilmD, its 
~, . 

" 

" suscCPti'~i 1 i ty to.hydrolysisby phosphatase c~n,be inve~ti ~lated._ ,Some;, 

• :,1- times removalof.pnOSph(i'te group$ from po]yphosphates ,isnot'complete 
. ..... ':. 

, . - . 
" " " ,(see ilbove) • 
. "'.. : 

~. " . r,jci!lY ,aei dscan -exisf in ,acid or_ lactone for.ms. - SUCh".5ubstnnces can 
. -, . , ,':> 'be $potte'donto -paper 'from addpr'-al!~alirie,solut1onst'oobserve pons1ble 

, ," '.. . . '. . 
. . . . - ". . 

d1ffer~nces inchro~mtograpHicbei1aviour under thesec6n{\itions~' To 
i, 

.' . '. "~~... :,., 
~ .~ ". . . .~' 

promote' lactone fot"fnati on peat the: solution at 100°C fora fe l!! min~~/i th 
~. " (' .- . " ~ 

- .- .': -, o~i N;"HCl; ,topfomote fo'rmation of the add foryn~ heat at 100°C with 
. -.... \,..' 

. ~ . 
. ;. 

"', . . - - ,·t 
', .... 

-I 

::" ," ' 

':', . 

, '. " ,c 

!' 
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Keto adds arareduca\.i to hydroxy aei dswi th potassium borohydride 

(see above)e or2:4~dinitrophenyihydrllzone der-lvat1ves can be formed' 

It/hich arl,l! then redllced.~o·amino aCids.(30) Certain acids can be deetH"!" 

,boxylated by hentingl-'tith L~<L 

, , Oligosaccharider.usu;'lHy form ~ crescent of spots ,startin'g from 

", the ori gin and cllrv,ing~p' tO~lilrds the disaccnarides. , Spots suspected 
, ' 

of be~ing s~a 11 0 ligosaccharidcs (or "tapti des) ca.n be hydrolysed and re-

run Nith ,markers.tarQ2rpqlysikcharidesand P2ptides do not move 'from 

the od 9; n. ," ,', 

Som~ substances (glycollic and other acids) ar~ qUltevo1atl1e, and 

, even ;though fl1mblackening, may be ,obtained from:them there is apparently 

no rae; oactivity presanty~hentha chromatograms 't;ome to be 'counted. (31 '-

Somecol1clusi ons ,can be' drainn from· the, chrom,1tographJc pllrameters 

of ,an imkno\l/n substance. " 10 the, solvent system described in this chapter, 

", neutral substances l'ie lMraol' less on the diag~l1al Hnef,'om the ori~in, 

'to the opposite corner~ Acid substances usually move further than the 

neutrals in, butanol"propionic acid"\'1ater, ~Jhi le b~5ic substances do 'not 

, ' move so far. 'HOln~logous series of compounds. and their close relatives, 

usua11y li,e on a str,aight Hne orsha.l10'01l curve on the chromatogram map 

(see p,. 
, .1, 

). Glyci ne, a 1 arline and valine' lie on such a .curve. and 

,'another spot lying on the curve beb/een alanine and valine might be 

, , tt .. amino butyrfctlc'i d. 1'!,Ydro>ry acids genera i 1y. run further in' both 

solvent~thali their corresponding keto aCids ... Nhile the amino acids 

'usuallyru~ further in, pr.enol .. · .... Ii~ter than the keto aei ds ,but not so fal" 

. in butanOl~proPHmic· acfd~·~later.. Ketoses run some'.'lhatfurther in 9henol .. 
" ',' . 

water than thocorr'csponding aldoses (eog.glucose and fructose; ribose 

and ribulose) •.. Sugar~ runrnucn further in phenol-\,/a~er thClnsugaracids~ 
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. ,\", :,.,,: '.' . ", ;: ~ and, about the: ~:~~·.d,i~i~n~; ~n butimo·'-.. ;rop; onic 'ad d-\,tate; {e.t;.,.·g1Y.,j· . . 'oj' ~. 

ceraldchyde lihd glycet'icacid; ~'lucose and g1uconic 'acid, the l~tter runs, ,'. ,,«.' 

close toasp6rti'c .·ac~ d) " ~'ih1 i~"'~~ga'r ill COh01SSo~~times t·un·. further tn·an·.':·:·:.··. ·.'c· 

.. ~,: .... : 
n. J . '. 

:;-. ," 
,". -::'. 

~ .. >' , 

< '. ~. >' .. SU9ar$'inbotil:s'01v~nts' (e.9·~'91ycer01Clnd glycera ld~hyde; sorbitol' and" 

. : glucose) ,and sometimes run behind the. sugars (e .. g. e'''Ythr~tol andel:Y"~'" 
"--.. 

'., ,"; . ,',. 

. " . 'Over'apping~:In nfew instances tt:'oubleis likely due to overlapping' 
,_ " .. ,",:" ",",'. • .-. . •.. ,",. .. •• ,. ", .- , ';., . ' .• I 

;.' ".:", ,".." ":,o'f two spots.' ofcol1m1on· substalicc's wtlen both (1re oresent' i n the same cell 
.. '. . '" '.' ' - .. ' .. ' 

, , ... , ' .. ' ",+ ~ ,~\ ..,.' ." ". -' : . •..• :\. '-'~ .'. " • ~ .', • ('. ", " ", <- ' . ' • - ' ~ • ' • 

·,::·.extract~::Va1ineruns·together ~fith mett1ionine. and is separated after., ' . 
. ':/ .:'.'.', ,:-"'" ." "~:,;",.-,,;,:,~./,.',~, ... ,, ,'". ' . .;"":', <.",:': .. - .. '~- "'",,::, : ....... :.r .• : ,.' '.' .,:"!, .. -

: .i':;:elution by oxidizing the meth1.ol'line with hyarogen . .peroxide·to methionine·' 
, , • ~. :'. I " " 

. '. ...,. l. • 

.; 
" ";', 
, , 

sulphoneand 'sulphox'ide, bothofi'lhichrun \lien clear o·r valine (p. y. 
'", '; 

': _; f , 
, • ~ '"'! Serine and glycine, overlap .\iith glucose ~ and aspnragine Ni th sucrose: . 

,o, • ': ,'. ~ " ,.- .' • 

. f>.~,·"·:',,thesemixturescan. besepa,rat~( by' .·other solvent sY5tomSjOr by electro"';'· 

. -~. ' .... " ,,: .' 
.... '. :', 

J '. :phoresis.· 
.' .' :.:-~~~"\"';'" 

~ • '. i 

~\ ..... " 

,.' . . : .. " 

- ~'.' . 

.,1 .'; 
,'. -,; ' ... 

'. ' 

- .. I , 

. Interpretation of Rcsult!;' 
. - '. " ~ .. . " 

" • I ~, • '. 

:;, :,,:" By reeding asystetui'i th {1 abelledsubstrate'and taki rig snmples;: ,': .'. 

>: • for"aritllYSiS'ilt~~tervalsttlel~ea(tert His possible to f01l0~1 'the",-:, 

~:::.";pu.th\'1uys.by'(!h"icl1 the substrate is metnbolized~' .The activity in all·' 
. : ~ " '.'. , ' .' ; " . . ., .'. . , 

. " ~ ';, 

........ -

" 

the'spots' P" the chromatogr'am (except the spot of S;lDst,rllte. if it is 

.~ . •... at a1'·.pre~cnt)iS ,counted,,' ilnd the activity in e.1ch spotfs exprcsse~ 
. .. 

" ~,. .: to-
qS a pe.rcentaue of th~. sum 9f the acti viti ('5 in.n 11 the spots. The per~ 

..... '.' 

.. ,,' '" cent().ge is' plotted against time fO.r enc/1sub$timce. 
( .. , '. I ,.. 4 ~.' " • ". ' . 

. :;~ . ":::: ... ~,'::. '. In the,~h?rtestti;i!e;.·onlYtiH} first :produc'tof metabolism of the 
" . 

:' .. ' "~'."' ·/'~'.·substrnte ~t1Jlcontain·. activity't provided' the first sl;1mpleis taf<£:n 
j', '." \. 7 ~', , ' " .' . ~ ;. .' ", . . . . .:.... .1, _ - •• • ~r ' 

,. "~/" ~af~iil". a· 's~f.fi dently . o·ric·f. incubati on pe~iod. 
-.: .. ,.', 

I ". '. " 

.. ~ .:.::.~;":;:th~ total activity is present i.n the fjrst prodtict6' Ther.ccfter tl)e pe,r .. 

""nu~' 
I. "'It 100 per cent of 

" 

.... " ...... tt :: ... : t_ .. :~ ~;".:~ , .' 
~, . 

. . . .. 

, -4: 

'.' 

. , 

',1 
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centage in the fi.rs.t product declines, and that in the second product, 

next in Hne along themetabo1ic pathYlay,I rises. This reachesa,j)eilk,' 

and decH Ties in turn as tho p~rcentage in the thi rd ~ompound ri sa:;, and 

so on. ' In this 1l1ay the ol~der()f~ompounds along the fnetabolicchain can 

be found. 

,Three main difficult1esarelikelyto a'rise. Firstly~ it may be 

diffi',cu1tto achieve ,incubation times short enough to obtain 100 per ' 

cent of th~activitY in the first compound. : For example, 'Ca,lvin, Bassham 

","and 3anson(32)' found tnpho'tos.Yn~heS1s~xperiments with C140Zf: that aft~r' 
, 5 s~c.'of incuoationwi th, the labelled substrate o 87 per cent of the " 

product act; v'H;Y 'flaS 'in 3-pll0sphOglyceri eaei d. the fi rs t product of 
~ . . . ..' . 

, ' , 

:",caroon dioxide fixation~ ',' Incubation periods of less than ,1 5~C. re-
," . I • 

. ". :'. sultedin ov~t90pet centtrF ,the' aetfv; ty beingfollild' in phosphogly"'! 
, .' 

",~.' eerie ,acid. In other sys1~ems, hOl,<1ever. the rates of metabolism maybe 
.' "' ,;. . ". ." - .' 

. '" .. }, 

much 1 Gtler: in the ,fhation ~f C1402 bya blue .. ~ree~alga in the dark," 

aspartic aCid containe~lOO per eentof the fixed activity after 30 sec •• 

; and 9S percelltElfter'60 i'ac. (3) 'ihere is thus u'i('u"ge r,lnge in activi .. 

r,,:' ,ties bct'lmen different systems. "If the incubotio~ period cannot be made 
",' ",: :,_, :\'\. -, , .,'_ .' ;I. r • 

t." 
-, , .... 

~.: .. , 
.. ,. , 

" \ .... 

short enough' at room temperature, or thereabouts,', the experil7',ent mi got 
, , 

be repeated more ,successfully nearO°C. Very short inCUbation periods 

,can be achieved by injecting the labelled sybstrate Itlith 'a syringe

controlled pipette hold tn one hand o .andimrm~diately ilfter\l/c1rd5 adding 

ethanol from a second .Syringe held in the other hand. ' Tht1 incubation, 

vessel should be sj1C~ken conti nuously for rapi d mUd ng.J\ second person 
" 

may work a stopwatch on J:nstruct1on from the fi~t.: Incubation periods 

, as short as O.5,secocan be obtained and rnensured fairly aceuNtp.ly. but, 

it is not ~h/ays possible in this way to hit exactly upon the desired 

~~ 'period ... :,' 
,', 

'S' 



.~'. .. ; -, 

" ' , 

. '},-

" 

- ~ . . \ .. ' . :.~ .. ' .• J, .,' ••.. 

.'.' 
~ ... 

- /'. 
'(' , .., 

-: , ... 32:,;/: .... · ";':"" 

... Sec~nd1Y ~ , di :ffi cul1:ie~L:~ri se.:'\:Jilen .. 'th~~t~b'O'1'1 CP~~h~1'1; ;'t;~~nch~s • 
, ' ,.',. ," '. "'j, • '. • -. ,I.,. , .. , 

. ~ , . 

. ,: .. ',~r"the labelled' substrate'is;'tak~;l tJp 'at more than one point .in til~' .'" '. " . 
~ .. • • < " .,., 

" " ' ~ .' ", ,",' ,. .' •• ~',~ :.'. ,.. ~'" •• ,": • • • '. '. ,:' '-: ~~J' ". ';. 

·metabolism of. the cello c :.cYclic pathways ofreradditionalcoMplications.,· 
.'. , . ' . '. . . 

.' ~. j' • • " • '; 

It may become necessary· in· the'eventof 'cycles and' qtanches to degrade· ' . .... -, . '. 
.':' :r. 

..... :> .. 
" .... '. ,.;.~ '.~.\ '-,~ .... .:. :." ........... '. '<:'.' .... ~ 

the' metanal i c products t,o.ftna \'{hh:h atoms ,'havebecOffie labelled, J and "'1 : 
:: .... 

,'~,~:" .. ; then' to ';r~"'I'thc ~~nclllsions. (33).tnircllY~ as the'·'label1ed' isot~P~ .. ' ..' 
"1:' ~:' .' "';". , ... :~' . < .,: •• .( .... ~~,'.~ •• - •• - .' ,. , •••• ,< .• ' "'. .• • . . - ,,' ...... 

,. :·-passas further and .further 'al0ng~the':thetabo1ic"cfinin'~the peak ()f 'pe'r- ,:~ .. 
'. . ,iI·· .' •. ' '. "";,' 

,'I.~ ,.'.;,' ~. '. ~ -: " • 

"', . ;,,' ' .. ¢entage actlvi~Yis ·it pu$s'es 'thr'ough: eachjntermed'la,te. be~omes succes"7 ,. ',1:' 
, .- "1 ~..,' " + ~. 

siva iy:l ()'IJe~:ilnd loi'/er,tunti 1.1 tbecomes"·di ffi cuJt.to.distiflgvi sh ;indi- ';"" ", 
',' ," 

"',:' ::vidu~ 1 .peaksfro~i ,c'hance 'irregu 1 ari ties, icithe:cu'rves~' 'i{i tti ,:~ 'path\t/~Y' :, '. 

'. \: •... ,': unt~mpli,Ca~ed~y-'br~llche~ ~;n{fCYCles"it;li:~ht ~c'pos~:i~he to: f01l0~1 'the' .' 

.....~'. '<:·':first ·.six·orscve~ "iMt?n~ediates along the chflin. d~l-"'ending on· the speed,' 
:.' ~-:. ",.< '. :. .' .... . , ~' :' 

::~} 'of thereactions,and,·then'UI'i1b~!r of samples taken. 
. .', " , . ': ... ' .' ,~ , ~' 

~i, -

,', 

.'. In experimentsln\~hichti5SlJeS have been:incubated 'irrtn sltbstr~t.es 
," ... .' 

.... : . " '. ',' 

.;. _<' • ,", . " ...... ~. :+", .' ~ .. ', . .. ., • '. 4 • ;' • • ". ".' '. • - ,. '. " " J • , ' ' • 

. 'for, 1ongp'eri ods, the end products of m~tabolism ,rather than inter-," . ~ 
.. ' .' ~ 

' .. ~ . 

.. mediates 'arelik~ hI tobe~ observed. I tmust~beborne in roindthat .,' . ,~. 
"'~ .~, " ": ' . ' ':' " , .. . '.' " . ~ '.. . -. -/:.: 

;;",labelled atoms' ma)'entcr various'substances by .enzymic exchange reactions.->. 

.. ', ".' 

'·~iith~u't·~et sY~th~s1S t~,<'ing ~lace. Fo'r insiri~ce'lI ";abel may be 'found ;~>,:, 
.. . 1 ' 

,'; .:':, .' , • • .,' • • oj.,~ : • : t ~ •• 

inam'in'o acids as aresurt'o'f,rap'id transomioadoh'rea'ctions with the . 
. ., , ~.' ,'. . . . 
: ..... -' - ., ~. . \., 

", .:;-" .. ~~ . corresp~nd1ngketO·:acids: •.. ;Th-i$ ii an indication'tlHlt the reactions ',' 

, <,'::"")~~':' .can take place. but not n'ecessarilY that they playa significant role 
<"'. "......... . '. '.' '1';< . • ,····f,! 

I, . ':.',~: "':"::'1 n theexperim~,rital,sy's ~em 'being studied •.. Subs trates may be ox:; dized ',' 

. :~~":'~:}~:?/',;"bYtne tissue to'abet1edc'~~b'on ,d1~xide.t"hidl.fsthen fixed else\4here' ":';;" 

. ' ~,.', " ."and resu1tsint\~/~S~p~rir:iposed p'att~rbs. 'This'i~'-: of ,great 'importance .. 

':· .. :~:~>,.>:'<::::').:~~':·\,I'i.th' 9~een' plant~ i'ri~llbated':in,th~ light. (,3~.35)" Excha~ge; reactions,." 

'::,;' "<' •. :; maytak.e·p1aC~,bypairs, of enzymes.' or t!;rough non~specffic. chemical:,., 
... :,:: "," ",.'; " " 32' ".' " ',' . . 
",~. ',' exchange:'". P ". supplied in ·a nuc1eotide'may be;.-:hy~rolysed enzymici111y·.', 

.,' . ".A. 

,',' .-, ;~~\,j . 
"" .. t 

;'. , ::., 

.' " ' .. 

, ~ \'. 
', . 

- ,-

i 
i 

. , 
; 
! , 
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t · .: p.Jt;.. ,J f' d' t' th 1 t: d b o lnorganlc' ~ ~m.! re lxe HI 0 ano, er nuc eo ley a process 

, such as, oxidative phosphorylation. p32 is thustransferrod 'from one' 

. ntlc 1 eot; de to .another. but not via a simp ly enzyrr:e sys tern. I n ~ tudi as 

with t.ritiated lcH~ter care must be taken to avoid non-st')ecific chemical 

exchange, 'and' any interpt'ctationof the results must take this poss; .. 

bi1itYint~account. (31) These examples could !)egreatly multiplied • 

. and just a fe~1 are gfvfm bel~e to i llustratesome of the pitfalls \'~hich 

must be avoi ded. ' 

Simulta,neous Use of Two Qifferent rsotopE..~. 

For ctH·tain experimental purposes it is possibl~ to use two 150" 

.'. topes simultaneously~ provi.rJed .that there is some .. "ilY of distinguishing 

between 'them. The isotopes must differ to a' considerable extent ei'Uher 

, .. ":,, 1n the penetrating pO'i'Jar of the radiation they emit,. or in the lengths of 

'. their half .. 1ives. 

, good .example of the use of such pai rs of isotor,ms is provo; dad by the 

'. combinlltion ofC14 ~'Jith H3, or of C14 vt1th p32. The penetrating po\'·mr 

;':::' of the e.,radiation frorn H3 is so weak thl.ltthe p1!rticies ~1J111 not pena-

trate through' a sheet of Mel i n,ex (p. ) p ',tlli 1e tile e .. parti des from' 

14 . 
C suffer an attenuation of only 'about 10 per cento. Hence, a dlroma-

. . . 
togram of a mixture of substances containing both ,these isotopes may be .. 

exposed to X-ray film t\'I;ce, once "lith a sheet'of r'ielinex placed betvteen 

the pap(~r and the film,and agtlinvlithout ~4elinex. The second film will 

receive an image due to bothi sotopes, ql1d the first fr~m C 14 011 W.:. 
., 

Spots containing only H~ can be distinguished in this WJY from thDS~ 

containing c14• The activities in the spots dut'! to each or the isotopes 

can be determi ned by count; ng the spots bnce \d th 1) Scott tube fi tted 



~ .> .' 

'. ~. '. 

, •... : 

.' ., " .~ ,. ,' . 
.. . ': .. 

,' .. / 
i',' 

",. ".:~"">'; : .. :::'>.J,,:.:/.<'L;.:'~S·'4~· . ".'" 
~~. .. ' 

.. , 

... ' ' 

..... " ":1. '." , .. . . '.' ..: . .:. 

. ' '~w1tn a Me1ine~"~'indO'rl.· to"detect' onh~:·C14,' ~nd once·\'1·rth aVJindov/lesS' 

......... 
: .. , .. ., ..... 
~:" i. . " .~ 

.. . '." i ~. 

'. .' .~. :;'" '~ ... " " 

. "':,'. 

: ~. '.' 

f' .'.' • .' . : . ~ } :,.' .... 

"<;;;>;!'>~scott tube"~'11ihenboth is'otopes '.~/nl be!" COUIl ted (P. ) .,:" The at.tenu- <,.'. >. " ~ : 
.,;-': -'~t'i on fa~:t~r 'for tH ' duct6 Pil~SUge;o'f : the parti c1~s through No 1i rl~X ,;:~:. ': \""',' , 

.,~.~ • "'. "',' "'_"'~~'" .... '. ...~, .. T •• \"."'.~ 

.. . .. ,:." . ~~~··~e found. and the, act; V; 1:J'ij>th~C 14 -,~ontaj ningspots .counted . .:::!,:,~,!!:;: ! " 

,·..·';thro!lgh·He.1ii!c.\<':corh~ct2d ~or the, atteriuation.Jhe.activitydue to c14,':. A' 

.' 1.'" f '.':"; • • ~;. ,:~:.~. , ...... ; '.>. .. ~ .:\ ! .' " ~" ' , ~ .. 

". ,~" " \'!he~' th~~p~tS: iu"C ~ 'tOU~1 tad vithouta~\'ri n'dow1 S . deducted from the total',> ,,"" 

,." .' ,. ':and~h~ ~a~:~i Vi'~; J~~~';"~~lY 'i~ ~H3 c~icu 1 ated'. ' . " ., .. ,.,:,~., ; . 
," ." 3 . ' • ~. " ,... • • 

. :' , ~'. '.' 

J ">lfa,:5'dntilJ;;lii~~'c~~ni~~j~' available-tim bw'isotopes may b~':'~':,' 
.:: ,"counted ;i;'lUl'~~~~O'US1Y ~n·,·~~'in~i'llntion li'quid eith~r after'eluti0l1 ol,",· .: .... <~ .. ;_',1_,:::" :." .. ':. , .. \~ .... :.1.'.";,,';.::.1 ':~,' .~. ",.,.,' ,.: '.~~.":': .:.,' .... ''''~:.·~.:r.;.· '.,,' ..... ':"', "::'~"'l' .'~' '.', 

..... , ~·.by putting the, \'1!lOle. excised spo:t,:il'lto ·the.vial :(p;;" ').. " ":: ", .. ,' 

'>':,: .. , ," The' Sl1m~'~rindPl~ c~~~be' ~~P1i·<!'d'~to :~xperi~ent~'U$'~ng' C14 andp32 . '.,', 
, .... ,.-;., , 

';.:.',.:::.;\·;.,:;:;>:tOgether.' .. ' In . t~is"ci:tse (;14'repre'~~~n~s ··the we"b~~ 'i;f)fm)!i '~': ~nd ti1i'~" """ ", 
'. :, .. 

'., -. 
~ " -' .. ' " 

, < 'f 

·crironiat6gra!TI,iseXposed to tw.o sheets of film'simultalleou~~JYt 'o,'H!above " ., . ,<, 

, ,r" 

':';·theother.The ·film i10arcst the 'chromatogram '"Ji1l l"eceive an image ., .... 

'.', ·:·"",, .. ',·from both i~~topes. and the one f~rti1est froril tbe paper"onlY ~ro~ p32:':~':: 
" '. • ,~...,. ~ I • 

,'.:' Bydiff~~e'ntial :count~ngof :the spots'. \'lithandvriti1Outan index card', '.' ......., 
. ';;. 

>,~>,placed betweenthc'paperarld the ,counter tubc,'tl;e ~cti vities of bf)th. :: .. ". 
, " .: ,":-'., ~':.;., .... • " ,.... • ! .' • • '. . . • 

'. ".",",. ,:'nl:lclidescan be.fO!Jrid.,':,:,Scinti 1.1ation~ou'nt'ini1.c~n ·.be· used here 'as "\,1I~!1~', 
, .. . '" ".'.";"r ~ . . 

. Use ofIs'ot~pes'of Differ<mtHalf-liyes •. ::Ihenbio i$6top~sof 

" .. 

: : ti 'l", '-J 

, . 
. ' .... ,;.:,.:;'- 'greatly differing haff .. 'lifeare used' together, one film is exposed. to 

'.' 
' ... : .~ .\ " 

" ',.~; ,. d~terriline,the pos.itionsofall the iabelled 5tlbsta!,!ces on the chromato-

"'.'. '.c, 

.. ' ': 

'! ';' 
, . ~ , 

and the paper ~otmted a9ain. ~\fter 10 hal f-li vescin ly about 0.1 per 
"J .. 

:.>, .' ,,<,.~:" . cent of, the' origina1 ~'~tivity of, the ,shorter-li ved isotope Hill h~v~ 
.'~,') .. "',,:~,~, .' ,. ' .. ~~~;), ':.': . ~.' ' .. ,' . .' , 

{.,~,,::;' ., ',' '. survive.~, .. and the longer ... l ivcd isotope can thr,!n' beas:;ayed \0/1 th' a mini-
, 

mum of lnterf~rencc" 
.', 

. 
" -," 



, . 

.. 35 .. 

Suitable pairs of isotopes for use by this method are C14 • C1 36 , 

H3 { h . h - 82 I 131 ft32 U ~ t • 1 C14 • d"ffi or useo tOQet er W1t dr ,. or P • "fOr una~Q y 15 1 -

"'~ 

1 t t . I· .. • • t' S')~ f... • t f b ~ .t eu 0 use in com.)1natHin i'H i1 as tr:3 s-rad:at.ons rom otr} ,50-

topes h,:wc simili'lr pm'Jcrs of penctration~ and the haH-life of S35 is 

so long '~:hat the chromatof.JI'"am ~dould need to he countedtv/ice at an 

interval of 2-3 years. 

Use of .Two I$otopes for Idr::ntific~tion PurpOSfJt. In sorr.~ cases it 

is desjr.able to use a second isotope for the ident'ificationof spots con .. 

taining the nucH de in whi ch the eXj)erim~mter is mainly inter~sted. 

\~hen incorporation studies aloe Tllad0 ~tith p32 II the phosrhate spots lie 

fai rly close together on th.e chromatogr(}.P.i~ and £lood separati on may not 

ahJ.aysM obtained even \1hen the cnrcrnatogrr.m$ are over ... run. The spots 

cannot be identified by treatment with phosphat~se (Po ) doh p32 as I" e 

wi 11 beli !?era.t~~d as inorg(ln'j c phosph,ate t and th(;! non"phosphate mo; ety 

of th·e molecule wi'li rema'in unlabelled. ih<'i's difficulty can be over

.. come bylabel1ing the whole system with C14 before p32 15 supplied. 
?2 . ~ 

The p'" -containing spots are d'jstinguished from those Illso labelled 

~1ith C14 by·exposingtvw films to tha chromatogruffi (see above) IJ and 
I . 

the non-phosphate part of the molecule identHied after treatment \·lith 

phosphatase by virtue of the C14 present in it. 
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." .. ~:~J; .. . ", >,:':Fi ~.~4. :t~ Effect of 'amount ~fcell _ext~act ~p~lirid, tQ'1"o 'i~.square 'ehroma'~',: 
'. ..,. . , • ' '. '.' ..... -."... ..... '. ,','. I r , ~ . .' ." '~ r 

, \ ~. , 

• 'L." . 

~·~s.-',;.·:>::·:··.··::togramsonthe resultan~ ~eparation .. '; 200,:1-11. ?f; baker'S',yeast~/ere",. 
• " ~. " • ~ .-,".' ~ . '" t· .: .•• " OJ:":. . <. . '. ' .,:t. . >.'. . . . . .) . '. . . '", t' : 

.. ... ,:.",. :suspendedin 2 mt.-· of distilled water and incubedwith lOlJC.~ . >' 
'. :'.'-~··,i;,"~;·· ... '; . " .' . .:. , . .'. ,.,' 14" ." " ': .'. ", ,', - . ; .', 
. '. "';'~;;'/;;'" (0.4'\.1 moles) of 91ucose .. U .. C· for 3 min. at 24°C. The cells \'Iere, 

•..• ~' " .. ', -"',:' .' , ' .\ F.·'· • , • 

";::, '" "., ., ,;" k11led and extracte'd as described in the text., The pooled extracts ", 
• • '; •• :. ~ ,t • .......... • I ; .~ • ~ 

'. '.' - .'," ,:":,'", after' evaoorati on were ll~ade up to 0.9 ml. '. Varying amot.!otswere.' ~'" '" 
" ..... , :,;·;.;r : .. ',; . ,' .. '- .'. . ';' ... , " ' "-.c·.· .... . ": :~', -':,:.:. 

"'.,' ;~ ;. 'applied to" ,the'. chromatograms as follow.s: ' '{lll'lOll'" (equivalent to: )'" 
.'~ ';I~ , .\ ,:~~';. :', . ". -:. ' . .f; , ' .. 

;>.,;,:":,'·:" .. ,:-:,:/,:'Z.2.2·lJ'.ofextr.!ctec1cells)-;·(b) '25 ",1~ (5.55\.11. cells);" (c) 50 ill •. 
. - :.~, T.':· .. ·· ~~,<' '; .. -,~. - '.': ,- • • 

,,: :' " " " , (11.·1' lJ1. ,cells); 75 ul. (16.S7 ul. cens) •. X-ray fill!! \4Jas 'exposed 

".';'.- ... <,;'; :,":,to',each.chromatogram for 13 days.,. The radioautograms cover the whole' '-'. , 
. ~ t'~' r ~.. '" .. 

~~'-:"':"::;":~,'.:<;.:: .. ', "areaof' the .. ehrorr.atograms. '. ' 
.• r I'~' 

:-' 

, 
, ' I" :.,.-: 

", ': ~ • t" 

:.; '.".' 

. " .... '.' ... ' .. ' 
':, ' ;'.' 1."'''':'' F19.~.· Extrnct ofbakel~'sy~ast incuqated for:3mi'o. \l/itht71uCOSe-u-C1 4 : 

:.'. '. .,:,.". . (Fig. 4 (c) .. :Jabel1ed). Key to numbers:': 1, sugar diphosphates;. . ".' 
l" . • ... i.~':' ":-1:. .". , . .... :" ':';": 

h~)' '''. <,_ 2 .\heXO!HLand h~Ptosc rnonophosphtltes; 3"uri dine-dif'hosphoglueose;; ,." , 
. ~ .:" .)1 :" . ~ .. ".' 

.. - ~, .. 

, . .... 
, ...... , ,"" . _. 

, ; '" ',.~ . 

'.: 'j": " 

: 4,nuc1noside diphosphates; -5, phoSPhoglucon'i caeid; . 6 ,phOSPhOgly-

eerie acid; 7, phosphoeryolpyruv1e acid;' S',aspartic acid; 9, glutamic. 
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i} acid; 10. citric acid; 11. malic acid~ 12, fumaric acid; 13, !;UC-

ciflic acid; 14, glucose; '15,disacch:H'ide (probably trehalose); 

16, threonin(;; f7. aiJnine; 18" valine; 19, leucine +,- iso .. leucine ... 
, -

phenylalanine; 20, probably histidine; 210 unidentified; 22, unid~n ... 

tified; 23, lipids, etc • 

..; 

, Fig. Z. Effect of ;:rv';;r-rum.i,lnf:j CO.. Same extract as appears in Figs. 4 
, , ' 

, nod 5 over .. run iii the <!5cending di r~ct1 crl~·:ith one sheet of 10 in., 

squa,re filter paper (lsa pac .. 50 ul. of c~l1 extract (equivalent 

to 11.11 uj. of call:;) ilpplied to the chromatogram. Film exposed 

for 13 days. Key to numher:;: 24, pcntos~ phosphate; rest as for 

Fig. 5. 

Fi 9.7. Effect' of ovor .. runni ng Same extract as appears inFigs. 

4,5, and 6, ovor ... run in the descending diroction. 150 pl. of cell 

.. extract (equivalent to 33.3 ul. of c~l's) applied to the chromato

gram. Film exposed for 13 days. Key to numbers: as for Fi gSa 5 

and 6~ 

Fig. 8. Advantages of large-sized chrOlnatograms. 100 lJl. of b~kerts 

yeast suspended in 1 m1. of 0.002 H"phosphate buffer pH 5.0, incu

bated for 3 min. at 24°~ with 2.5 uC. (0.1 u moles) of Qlucose-u-c14• 

Ce 115 killed and extrclcted. The peo led extraCts, after evaporation. 

~'lere made up to 0.9 mLII of which 0.3 ml. (equ;,valent to 33.3 l.I1. 
,. 

of c6l1s) was applied to a sheet of paper 18.25 in. x 22.5 in. A 

sheet of X-ray film (14 ill. x 17 in.) V,IUS exposed to the chromato-

gram for 27 days. Key. to numbers: 25, glyceric acid; 26. glycolic 
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acid; 27. 'glutamine; 28, probably lactic acid; 29. tyrosine; 30, 

proline; rest as for Figs. 5 and 6. 

,Fig. 9. Effect of over-.rUllning (III). Sam~ extl"act as aprea~in Fig. 8.' 

0.5 ml. of cen e'xtrilct(equivalent to 66.7 loll. of cells) applied to 
, , 

'one shel';!t of papGr 18.25 in. x 22.5, in. 'tlr.i ch ~1'taS dver-,run in the 

, ,ot;'sccnding di rection as described in the text. A sheet of X-ray 

,'film (14 in. xU in.) ~';as expos ad to the chromatogram for 27 daY$.' 

,Key to numbers: 31, uri dine- tri phospnatG; 32 iI d"j Sllcci1ari de (probab 1y 

,'trehalose) phosphate; 33. unidentified; 34,unfdentificd; ,rest as for 

, Figs. 5,6, ~nd S. 

F,i q. ,10. Apparatus for eluti on of chromnto~ram S;)ots. The spot adheres,' 

'to the \1ick by the ,5urft1cetension of il Hater film. " 

',', .' 

"', '. 

, , 

, and the'same blocks should be used. 
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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 Commissio~: 

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 

B. 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. 




