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Analysis of tho products of radioactive tracer feeding experiments 1.."1 

biolog:i.cal systc':;.tS ha.~1 depended to a cons:tderable e:<tent on paper chro.:"J.ato­

gre.phy. Of' th1s many solvent. :::;yste-:-;.s propos(-~d » the one devised by r::s:··JSC,:·J et !.l· 1 
;j 

has ;r;,;my ;;.::.dvanti;1F;';!:HS for trt~ septa·'ation of .such biolo:~ical intermediates 

action of phenol on bu>r~.Zm · sldn and the fact th.<.1.t many aJn.ino acids sho-;.1 sit~ns 

'I~'ie (~Ue·st for a !3olvcnt to replace phenol le-d us to com;idt!;'l" scr.lle of those 

I?Nmtoolly it"lterest cen.tered on solvents based on isobutyric acid» a;G:nonia 11 

v1ate:r and ethylenr::di::tnin(~tetmacetic acid (t'IffA)7 
Q Although this solvent Has 

not enti!'C'lY .satisfactory as or•iglnally fon'1'..llr-:t.tcd7 j because such. slo~tJ-:r:•ui"1l1ing 

h:;rdrophilic subf.>t~l.t"lC~~s as sugar pho~pbates migrated too far :-md loft e~npty m...tch 

resolution .~rnd the spreacl of compounds along the "'hole len::;th ·or the c:h:ro:natoJ.~-ran::: 

about 4.2; replac0rJent of' scm<1 of the l'liater Nith sufficient a1rnonia solution to raise 

·which the r'GZOlU.tion i.tr'.d Bf)!'(;a,d actually d.eter•iora.tCd • 



.,· 

of :r-eplacing th0 am;nonia solution~ p.n.rttally or completely» •alth Guch o:rganic 

the pH\f!t 1~~2o A further variation '.f<'a;l to saturate the ori(';tml solvent r.1b::ture 
\ 

replact::ment of the v;Giter ·by on;; of a number of sirnple alcohols: ethanol., !!_-propar::ol, 

·isc-prop;:tnol and £.;butanol. 'l'bis led to ma:rked improvernent:~ in solve·nt charactorist1ct~, 

ti·,oHgh no single al.cohol was co.11pletely satisfactory in th:'Ls re;:~ard. ~1ixinr::; 

prepared ~..rhich l)Ossesced tha mo.:st suitable solvent properties for• our purposes: 

EDTA L2 fl" 
·.;,;",} 

17 N-;\ll:'ilonia soln .. 100 rnl 

950 r:il 

350 rnl 

iso-Propanol 75 P.>tl 

75 """! 
:.~.tJ. 

iso-3utyric Acid 2,500 ml 

solut.ions freshly propared s!'lo~.;ed that agin~;; fOl"' one day is rr>.andatory for optim.:'ll 
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r>esuJ.t;;;., No att~tt:npt v;a.~s made to accelerate esterii':icat;ion either by rnild heating 

10--14 hr tor the fir•3t dimension (ca~ 50 em) and 7-10 h1.., for tr~e second 

depending mainly on t.~he batch of' paper. localize-d 

\•t;:?:r:"H foun.d by radioautogr•apbyil posHive i(1entification then bei.ng :..-.acle by 

ccmpour.if.'}S invest;igated were m~~a .. St..tred by rrt5.zing each authentic substance rrlth an eth.'2.'10l· 

water extnact of' Chlorella nvz'f:>.noico~~a cells or of spinach chlo:coplasts 
..... , ... " )4'""!...-~ ··~ ''bt• . ....., .... ....;'~'l$ol 

a time: to the l4c--labeled plant extract~ ai."Kl relating th0i:r position to asp:artic 



that 'lt:.rith the semi-stench solvent there ls a mor~:J effective use than td.th phenol-

most desirable to ha.vc: separated~ In se,•ni..;;;rtench plus bu.tsnol-prop:tonic acid 

.. 



··. '•. 

to be :nuch milder than phenol: the lu.ttcr cause3 considerable brea1-:dcwn of sanr:: 

a!ninc this destr'"..:tction by phenol is 

rE!;:;$ult of at.mos}::h0ric oxidation of phenol to form the deep red pheno-

process:~ thoue/l the acldltion of <'t-tocopherol or potassium cyanide to the 

It rr.:-ust be polnted out that sa-;.1e concern may ,}ua tly be accon:k:d tllose 

( .. . h ., .. 
ac.~..a an.HGrlc.tes .J ~ cno1ic esters, and other iilg!1. e~·;er¢tY canpounds) 

proven nor d:tsproven this;. it should be· noted that the ver.::;atiltty of the 

such that an equimola-• quantity of trimDthyla;:;ine 

1\s l>'~ith the phcmoi syster;i:~ ciu:•a:m.i.togra;r·.::.:, developed only to the eds;es 

E~ster~~ congre~;ated close to tho orit:;in and it1adequately separated. Better 

r•eso1ut1on of these su!:::stanc~s rat1.y be. obtained by ovel"'-r·tmning tb.e 

chranato,;:;ran.s- for 40-60 hr in s~1i-sten.ch and 20-24 hr ,in butanol-

propionic acid. Ho·;~ever, in thls case:. the mobilities of the vari())k-> phospr..ates 

~~lith respect to aspartic a.cid are not the Sf!2;;>le as Hhcn the chra:ns.tol?;rams are 

develop~-d to the e;Jge.:~ of the papf4 ... only. Table II lists the P'¢ values 
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probat;ly be q.u:;;cribc'Cl. to th:r·e:~.o- factors: c:s (i) 

(il) differential cvapcr.i:~a.tion or ccr.nponcnt substrmces in the rr.ii:r.ture; (j_il) paper 

in a se:cie:z.:l Of banc1S. of' V.al"yint; cOmposition alons th.--~ Crti."GD.::ttcgran1o 

direction of sobr.zmi; tr·avel. Liquid •>'<~.s obtaJ.ned fi"Om each strip, a:; H&ll as 



prop:Lonic4 

the f'le::dbillty of' the ;;.;ygte:11 ena.bles .its bydrophil:i.city to be inc:-.."'c~ased. or 

Univt;~sit2it., Preiburg L. Br .. , !Jer:nany. 
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3o A.K. HUGGINS ;\.~'D V. i·olrtttl"te t) 
......... ~-· 

191 (1961) 668 .. 

16 (1960) 378~ 

(1962) 164., 

ITrv·erte:~tJrrrte 
. . I 

(1962)~ 
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Haspurtic acid valuet) il1 se":ni-stench (A) and in !!;-butanol-propionic ncid-\1\lter (B) 

!!. }3 

2.119 1.30 

s-A.lar..ine 2.65 1.66 
,·Ji:···:·· 

3 h., 4'-lb 2.04 

2 .. 90 lall! 

·Asparagine 1.50. LOO 

Aspartic ac.id loCO 1~00 

Citrulline 1.85 1.13 

Cysteine 1..01 q.63 

Oo8l 0.63 

·Glutamic acid L25 1.08' 

Oluta'11inc 1..58 0.92 

Glutathioneli o:11id. 0~10 0.55 

Glutathione 31 red~ 1.07 0 .. 46 

Glycine lb82 0 .. 96 

Histid:tne '""" 3cOtl . 0.1{2 

~ Q') 
JGII!f.....,. 2~30. 

iGo-Leucine -~ 50 .:)o ' 2~77 

2,J32 0 .. 67 

3.23 2.33 

3.,62 2 .• 55 

F't'<;line ]e07 1.65. 

Ser·ine 1~70 0.,9Il 

2.22 lo20 



. ··. .······' 
: ':'·_.> ••• •. · 

Ti"'yptophD.ne 

'l"yrosine 

·,.Valine 
·'.·t.' 

. . . 

1'able I (cont.) 
2.68 

2.36 

(:;;> '"~'10~<,~1 ic ~F·J d'' · h,vdt"'JI'','"" {~.nd Ci'>"0-"'~J:>'V'"r.ri ir• ':):"'''~ ti~1 ~~! ....... ~ ... -~ .. k,.;._, . f , .~"rl-. ..;.... ~==--.!:.:.\.·.';.~..:--.:.......':'....!:t .... ;.:- .. 1.. 

. \ .. 
c.i.s-Aoonitic acid 

\ cis~.·Aconi tic anh,ydrid~ 

Citric acid 

ieo:-Ci t;ric acid 

·. Glyceric acid 

Glyoxylic acid 

tactic acid 

r.l-Oxog;lutaric. acid 

.. 
ArabiriOi38 

DibytL¥'D;;~yacetone. 

· Er·ythr>ulose 

. ~' . 

0.89 

·o.87 

0.79 

1.13 

1.77 

1 
·,..;~ 

.• oj 

2.4'{ 

1.09 

1.12 

1.75 

2.00 

0 r.:•, .:::>.) 

1.53 

2.65 

2.00 

1..71 

2ol9 

1. 5;? . 

1.77 

L64 

1.76 

1.46 

L57 

1.83. 

1.52 

1.55 

2.16 

1.58 

'1.51 

L60 

1.87 

0.94. 

1..26 

1G96, 

2.11 

1.32 

1.67 

1.;15 

. 10 



~:\~ll'lle I ( "'l"\t~'" ) 
1 1 

'Vt....J .. \1 q. 

1.18. 1.02 

1.20 1.05 
Glucose 

1.30 1.07 
Gulose 

o.63 o.64 

1.59 1.29 

0.74 o. ?lt 
Naltose. 

Ll7. l.Ol 

1.83 -1.36 
R:ibOS0 

2.13 1.43 
Hibulose .· 

1~21 1.07 
Sedoheptulos'S' 

1.3B 1.13 
·Sorbose 

1.26 0.99 

2 .. 28 1.67 
Threose 

1.60- 1.34 

Xylulose 1 .. 95 1.29 

Sugar :.1.lcohols 
... ;<Ill . '-R:aw\o - .... 

i ...... 1.19 .. I? Arabitol 
l.ll'7 1.06 

Dtllcitol 

Gl:rccrol ·. 3.03 1.91 

1.55 Lllt 

1.53 1;.20 
.. m.bitol 

1.53· 1.12 
Sorbitol 

Xylitol 
1.'{2 1.15 

· Uronic acids 

IJlucuronic_ acid 
o. 77. 

Glucuron-o1aetone 1.67. 1.37. 



12 
'i'able I (cont. ) 

flt1\.~onil~ a.clds 
~-.... t ... 0 ........... " ......... 

,. 

"• 

l!,SCO!'bic B.c1d 1.42 L69 

Gluconic-. acid 0 .. 78 1.0~ 
,r. 

Hu.o1.<i'1o::i1dr~e. 
~--- ...... ~ ,. -~ ... , .. , ......:....._·· 

·:·· 

. Adt!'nosin1:' ., 3.51 1.98 

C'rt 5 din·:::; '> 2.54 1.66 ~: . . .. . ....... , ' ' 

Gllim.(.:>sine 1 .. 50. L3'l 

Iht)~~1.t1C . ; . 1.1~2 1.21~ 

'Thymidine 2.81 2.47 
·,·. 

Ol•idine 1.6'1 1.38 
:l:. 

Nw.::laot:td,;;~s 
~~ .. ~·: 

.AdenoGine mcnophosphat~ 1.35 0.86 
.· 
.. 

t\dCZlOf~ it19 dlphosp1'late 0~68 0.35 

Adenosin~ t.r'i r.>}~osn·r- •:.i-e . ......,., ., 4 ~ ~ .u: ... ,_.. 0.37 0.23 
.... 

Gu.anosine r:r,onophosphate 1~35 0~86 
•" 

,, 

Gu::}.,nos:tne. d.:tphosr;:-ha te 0.21 0.39 i. 

Gu:anoulne triphosphate o.os. 0~22 

Inoz:t\'Y~ ;nonopbosphate 0.59 0.49 

~t'bymid.:inc monopllor;phate 1.27 1.06 
·.· 

Ur:l.d.ine r:ionop>~o<•r:~(Jat:G ~" " ~ .it J. +-!'~r ,tf.:". ~..., 0~91 0.,79 
-•: 

Uridin.e tpipho:sphate 0.10 0~21 

~g;a~~ rnonopl1o:1pl.1ates 
.. ,, 

. .~·· 

Dihyd:r•ox:yacetone. phosphate 0.81 0.77 

Ifn!ct.ose~6-pho.sphat~. 0.55 o.Gs 
...... ~~· 

'.:., 
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GlLJ.Cos:::-6-phos.pho.te 0.42 0.57 

0.51 0.73 

0.35 0.1J,7 

• ·• R.i.bose-5-phosphate 0.68 0.75 

.::_. -'I ,· ···1 . 7 " ' ./.. .~er...onepcu ose:- -pn-ospnaGe. 0.42 0.57 

0.14 0.24 

. Ha::r;a.'!lclose diphosphate. 0.14 0.35 

Ribulose diphosphate 0.22 0.39 

~~iscellanecr.:ts phosphat,G'S 
. ". , & .... u ........ b,.. ... ~ 3f t N.... I 

0.71 1.16 

f) ?3 ' 0 ... o:n 
2-PhosphogJ.yccrlc acid 0.60 0.90 

3-Pho;sph<>gly,ce!':Lc acid 0.,53 0.88 

Ool./l! . 0.31 



·:.. .. 

. \.....;' 
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Table II 

Effttct of over-running on R3-phosphorlycer1c acid of phosphates. 

ru1d 20 .hr in !2....:~>l.tt<?..nol-propionic acid-',.;atel~ (Fiu?r). 

?tuctose diphosphate 

Glucose-6-phosphate 

Pl::Josphi')tmolpyrLliFic ucid · 

Ur.idinedipho;:;phoglucose 

Aspa:rtlc acid 

·c:"ll"'O:nato!:jl"am develope--1 
to et~~e o~r pap~;:t,. or11)' 

. Ja: ............ .. ·-·-
SGmi-stench 'F.iU Pr· 

1.03 0.75 

0.27 0.29 

0.77 i.• 68 •Jo 

1.33 1.36 

1.00 1.00 

1.00 lQOO· 

1.28 0.,88 

0.41 0 .. 46 

0.83 0.37 

1.88 Ll7 

14 

Ghrom.atoZ;:ram over-rtln 

se~:U.-s tench B:.tPr 

0.91 0.73 

0.23 0.23 

0.63 0.66 

1.53 1.38 

1.21·1 1.02 

1.00 1.00 

1.13 0.79 

0.35 0.33 

0.74 0.35 

2G22 1.27 
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To.ble III 

Alteratior\ of eolwmt ccrnpos:l.tion during, chro:natog:ra:.m development. Percentage (v/v) 

lo ~~~::mi-sterlch· .................. "' .. _ ..... 

l1atc:r> 

Stock f:XJttle 2bo5 

Chromatog~~?hY · tro~~\'7)1 > 
,..,,. ') 
'Oct.:. 

a.f~ter deve lo~x1tent 

Chra:o>"',.;. o··;;r~'U'J .. "...-\... f:...-:;.· 'o.> ·~ , 0-7.5 cnt 18.4 

Chroi11:'1 to~~r<?l.l11:; 7-5-15 CHl 16.6 

Cl".J. .. crm::~ tosr-a:m, 15-22~5 em 15.5 

Cnro:r.ato.sram ~ 22.5-30 em 16.5 

Chrorr;atogJ:>am ~> 3" ~~ r~ : ~.r-j { ·:.:> em 16.0 

Stock E'lottle, fre::fh 

Stock bottle, t~ft(;r 24 hr. · 

Ch.:r•al'..atos:-;raphy trou£jl, after 
development (24 i'll" old) 

Chro.:r.a.toe;r·arn ~ o-·r. 5 em . 

Chro:natogr.amJI 15~22.5 em 

iso-·Prcr1a119l !!.-Propanol n-:Sutanol iso-Butyric ,......, 

1'.9 9.1 1.9 60.6 

1·.8 So5 3.2 60.4 

1 .. 0 .6c3 7o7 66.5 

1 .. 1 6.0 7.7 68.7 

'! ·~ ........ 6.3 7.5 69.6 

1.2 6.6 7.LI .--~ 3 Q·,.,. 

l. l! 6.6 7.5 68.4 

\~Jatr=:r n-Hutr.nol Prop.ionic acid 

30.7 46.8 22.) 

31.5 149.0 19.5 

25o7 50.1 24.2 

22.1 50,.4 .27.6 

14.9 55.4 29.6 

15.7 56.1 28.2 

16.3 57.5 26.2 

li?.9 58.1· 29.0 

15 

acid 

" 
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Captions for fl.g.Ures· 

.... 

·,: .. 

·!},-butanol-propionic acid-tJ:ater (7 br). Abbreviations: t·Y1P, fructose 
··· .•.. · 

diphosphates~ he:Konic ~c.id-P,; nonophosphate of an unidentified hexonic acid; PEP~ ,:·,;;' ·i 
': ~ :-. 

acid; RiM?, ribotl:e monophospf'.ate; RuDP » t•ibulose dipl1osphate; tiDPG, 

uridil'rediphoap.tlo~tlucos.e .. 

to the edz;cs or tl'}l:l papel"' only v:ith 0.) phenol-'nater {12 hr) a.v1d. (2) j-butanol-
' .... 

prop .ionic acld-mltCl'' ( 7 hr), Abbreviation-s: Suf~a!' DP ~ sugar diphosphates; 

others as for Fi~; .. l. 

developec:l beyond the edg:~~s of the papGr with (1) semi-stench (60 hr) 

and (2) t!,-butano1-p.rop1cnic acid-'Jlater (20 hr). Ab1:>reviatiorn'> as for Fig. lo 

· ... :.'· 



ALANINE 

GYOXYLATE 
OR 

PYRUVATE 

- 17 -

FUMARATE 

GLYCOLLATE 
UNIDENTIREO 

MALATE 

GLYCERATE 

UNIDENTIFIED 

SERINE • 
GLYCINE • 
GLUTAMINE 

SUCROSE 

~--~--~-- (I) SEMI STENCH (14 HR) 

Fig . l 

ISOCITRATE 

CITRATE 

PEP 

2 -PGA • 3-PGA 

FMP 

GMP 

RuDP 

UDPG 

HEXONIC 
ACIO.-P 

HOP 
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). 

... 
Q: 
J: 

t:: 
Q: ,. UJ ,_ 

GLYCOLLATE + "' ;;:: 
UNIDENTIFIED UNIDENTIFIED COMPOUND 6 

6 

"' ISOCITRATE 
~ 

GLYCERATE MALATE 0 
ALANINE ii: 

CITRATE 
0 
if 
.J 
0 z 
"' UNIDENTIFIED 
,_ 

PEP ::J 

ASPARTATE ID 

i'i 

GLUTAMINE T 
SUCROSE+ SERINE 2- PGA + 3 -PGA 
+GLYCINE 

.J J. F 11 moa) 

UDPG 

SUGAR DP 

•· --(I) PHENOL-WATER (12 HR) 

F i g . . 2 

.) 
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a: 
PEP 

:z: 
0 
~ 

ASPARTATE a: 
w 

GLUTATHIONE 1-
<I 
3:: 
6 
i3 

2-PGA 3-PGA <I 

!,! 
z 
0 
a: 
0 
a: 
c;-
---' 

RiMP 
HEXONIC 2 

ACID-P <I 
1-
:::> 

FMP "' 
~ 

RuDP 

HDP 

UDPG 

..: ~l S : - ( I) SEMISTE NCH (60 HR) • ~ 

, F ig . 3 

,... 




