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LA LABELLING AND TWO-DIMENSIONAL PAVIR' CHJ\OM.\IUK RAPH

OF PLANT METABOLLTLS
J.- A. Bassham

Advantages of Pauer Chromatographlc Analy51s and Radloautography for

Studies in Intenmedlary Metabollsm

A great many b10chem1ca1 reactlons -occur stultaneous]y hlthln a
1iv1ng cell Many c1a551ca1 methods of study of 1ntermed1ary metabollsm
are able to examlne only a few of the substances 1nvolved in these reac-

tlons in any Si ngle experlment In contrast analysls by two d1mens10na1

paper chromatography of 1abe1ed compounds formed from labeled substrates

permits an examination of a great many dlfferent.compounds at once. Kinetic

studies uSing‘thisvmethod provide a dynamic picture of the flow'of matérial'
through the metabollc pathways |
Metabollc 1ntermedlates in green plant cells -are readlly labeled b)

the 1ntr0duct10n of radLoactlve tracers such as carbon -14, phosphorus 32

or both. Carbon 14 may be admlnlstered as 4C02‘to 1eaves of plants or as -

14 3 in 'solution to aquatic plants. 32P-1abe1ed phOSphorus can be.

'administered as inOrganic phosphate in SOIution directly in the.medium of

aquatlc plants or to the roots or by 1nJect10n 1nto the veins of leaves of

plants. . With either or both of these labeled compounds green plants very
1-qu1ck1y‘1ncorporate the radioactive tracer 1nto a large number of meta-
v bollc.lntermed;ates. In photosyntheslzlng cells‘these metabolites 1nc1ude
IS;phDSphoglycerate, a number of.sugar phosphates andISugar diphosphates,

amino acids, carboxyllc ac1ds and other compounds of small nolecular _

weight. Some of the rad10act1v1ty finds 1ts way 1nto macromoleculcs in

relatively short times.



TWofdimensional‘paper chromatography'has_proyed to be extremelyause-
ful as a’method of separating a 1argeunomber of'diverse intermediary meta--
.bolites : Other'chromatographic method< uch as thin- layer chromatography,
colum chromatography w1th ion exchange resins, vapor phaqe chromatographv;
etc., are- also suitable for scparatlons of some of these classes of com-
pounds- formed in green plant cells. Houever for a one- qtep scparatlon of
many 1abe1ed compounds two dlmen51onal paper chromatography is probably
the most uscful method. One reason for this is that two- ~dimensional paper
chromatography prov1des a h1gh degree of resolutlon of a broad spectrum of
- 1ntenned1aryvmetabolltes.v A second_reason is that the shape and fine

struCture.of'the areas'of paper~covered'by ihdividoal cOmpoundS are highiy,
distinctiye,fpermitting aikihd Of fingerprinting ahdrhearly absolute iden-
v.tification_Whéhtradioactiye'COmpoundS'are found tohCoincideyWith carrier
uhlabeled'compounds; ‘Afthird_reasoh ie that wheh radioactiye_compouhds
‘are being ahalyzed. extremely small quantities may'beadetected by-paper'
chromatOgraphy followed by radloautography w1th medlcal X-ray film.

The use of paper chromatography in amino ac1d separatlon by Consden,

1

et al. 1n 1944 led to the appllcatlon of this technlque by Calv1n and

14

' co-workers to the ana1y51s of products of photosynthe51s with ~CO,

2

2 !

v green plants. This method, descrlbed more fully by Benson et al. ~(19'50),

~was of key 1mportance in the eluc1dat10n of the path of carbon f1xat10n

4, 5

' 1n photosynthe51s via the reductlve pentose phosphate cycle Since

that time the;method has been used'exten51ve1y to study not only the path-

ways of carbon fixation in photosyhthetic plants, but -also the mechanisms

6-7'

of the regulatlon of metabollsm in green plants v Over the years, im-

:=provements have been made in the method uhlch reeult in chromatograms

superior 1n{resolut10n to those obta1ned in the- early work.6 :
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P11nc1p1cs of Pape1 Chromatography
\ As w1th nany other types of chromatography, paper chromatography
depends upon “the partltlon of the compounds . to be separated between two _
dlfferent phases. In the case of paper Chromatography, these two phase
'are'liquid phascs One 11qu1d phase is statlonary and absorbed on the
cellulose flbers 1n the paper In general the statlonary phase is pre-
domlnantly aqueous but contalns organlc solvents mlxed 1nto it. The_moblle
_phase ;s predomlnantlyvorganlc butvcontalns water dlssolyed in it. Ifhd
“representspthe distribution coefficient'ot a particuiar_solvent between y
'Uthe two:phaSes; the relative rate of movement ofithat_sdlute”is given by
'the equatlon [ R = L/(A + a AS) J AL is the. fractiOn of the cross-
sectlonal area of the chromatogram occupied by the moblle phase and*AS |
- is the fractlon of the cross- sect10na1 area occupled by the statlonary :
phase. RF is deflned as the dlstance from or1g1n to solute d1v1ded by
”V_the dlstance from. or1g1n ‘to solvent front.- | ." _ - |
Thrs_theory was tested3 w1th_a varlety of carboxyliC'acids and sugars
from green plant cells by distributing these compoUnds'between an organic -
and‘an'aqueous phase;inhseparatory funnels and cOmparing'the calculated RF

vwith the measured R" Fairly good agreement w1th the theory was obtalned

3 However, 1t should be noted that w1th sorme compounds addltlonal effects

were seenvwhrch might be attrlbuted to absorpt1on of‘compound by the cellu-
_lose.fibers. | . | o | o -
W1th ‘this- theory 1n mlnd the selectlon of su1tab1e chromatographlc
bsolvents becomes a problem of flndlng solvents 1n Wthh the maJorlty of
the solutes to be separated will be distributed to some extent between the
two phases but w1th a variety of dlstrlbutlon eoeff1c1ents depending upon

the phys;cal prOpertles_of the particular compound;= For twofdlmens1ona1



paper chromatography;‘the two'chromatographicvsolvents should hare‘not too’
 similar properties since if they were'exactly the'samev a'diagonal row.of
compounds would be produced by equ1valent resolutlon in the two dJrectlons{
One way to dthCVG two different types of resolutlon for the two dJmen-
sions of chromatography would be to make one solvent ac1d1c and thc other

' baslc. However,vmost of.the compounds of 1nterestv1n 1ntermedlary metabof.
lism of‘phOtosynthetic'green cells.are‘either neutral_or acidjc--that is,
they are either neutral amino acids, acldic amino‘acids; carboxylic acids,
sugars-or'Sugar:phosphates, or sugar nucleotide'phosphates;‘ For such. com-
pounds ba51c solvents are generally not very effectlve s1nce many sub-
stances tend. to be held back and run together Therefore, 1t has been

‘ found that most products of photosynthe51s and 1ntermed1ary metabollsm in
green cells are best separated by . two ac1d1c solvents w1th rather dlfferent
solvent prOpertles * The flrst solvent*used is phenol w1th a nearly satu-
rat1ng amount of water. Suff1c1ent1y pure phenol can’' now be purchased in’
lthe ﬁonm of . 11qu1f1ed phenol wh1ch already contalns some water. To thls

is added enough vater to br1ng it up to the de51red cond1t1on of Just

, under saturation. Since such phenol commonly is ac1d1c as purchased due
to impurities, lt is des1rable to malntarnva constant'ac1dlty by addlng,
.additlonal-acid so as to reduce the variability from one lot of chromato-

graphic solvent to anotherf: This is_achieved by ‘adding glécial'aCctic7

o

~_* An exception to this is glycolic acid, which,islVolatile,and thus is partly

_lost from papers'developed in acidic 301vents A basic solvent (for'
‘ example, one contalnlng added NH OH) can be used for the separatlon of
glycolate-from other metabolltes When the chromatogram is ercd the d

V‘ammonlum salt of glycollc ac1d 1s not lost

S Y . A VU O OO

v




acid. Anbther addition isdmade.of a-small'amount,of'a 1-molar.solution'of

B .ethylene d1am1ne tetraacet1c ac1d (EDTA) The purpose of this dddltlon is

to fo:m a complex w1th dlvalent metallic ions and carry them from the paperg
| ThlS 1n turn greatly 1mproves the chromatography of sugar phosphates and
other phosphorylated compounds wh1ch would tend to react w1th the d1valent
ions 1n the papcr | o |

A second solvent commonly used is a mixture of butanol , proplonlc
acid and water. lhe solvent propertles of propJonlc acid are not greatly
“deferent from those of acet1c acid, but the- solvcnt propertles of butanol
whlch constltutes a maJor part of the second solvent are very dlfferent
from the solvent properties of phenol which constltutes the major part of '
hthe'first solvent'h Thus; a dlfferent kind of separation is achieved in
the two d1rect10ns, even though both solvents are ac1d1c |
| TWo dlmens1ona1 paper chromatograms are prepared 1n research labora*
.torles by applylng a suspen51on or solutlon of the blochemlcal m1xture to
be separated to a small area near one corner of a large sheet of su1table
chromatographlc f11ter paper. ThlS p01nt of appllcatl)n is called the
h or1g1n. The one edge of the paper next to the or1g1n is then folded and 7
placed in a dry chromatographlc trough A second paper is usually placed-'
in the same trough so that the folds of the two papers overlap and the
papers hang down from the trOugh-on opposlte 51des., Usually each paper
hangs over an anti-siphoning rod’which is'hori;ontal'and slightly above '
and separated.from the top'edge‘of the trough by'a-small space (ahout 5 nmﬂ
so that s1phon1ng of solvent between paper and trough edge docs not occur.
A bar welght is then placed on top of the folds of the papers

Papers and trough are then placed in a chromatographlc tablnet Wthh

is vapor t1ght and ‘the chromatographlc solvent 1s added to the trough



The solvent travels_by-capillarity'through the paper5‘moving at a uniform

rate down'the'paper-and-across the origin As it pasSes the origin it

- dlssolves the compounds whlch were applled there, and carries them along

w1th the solvent at some rate whlch is less than the rate of t1avel of
the solvent front. In some cases the solvent front 1s_allowed to reach

the far edge of the paper, whereas in other cases it is allowed to drip'

from the far'edge of the paper in descending-chromatography} ' This depends

upon h0w.rapidly the'compounds to be separated are.moving4fthat is,:theire
RFuvalues. 'When'the separation is deemed complete,vthe'paper is dried
. either by removing the paper from the box and hanging lt in a'hood,'Or,,
‘preferablyghlf the equipment is available,‘by.applying a sUction-to the
box ‘to draw a stream of a1r through the box into an exhaust system The
t1me for development of the paper in the first solvent may be anywhere
from 6 hr to 48 hr or more dependlng.upon the solvents used and the RF s
of the compounds to be separated - |

| After the drylng from the first dlrectlon, the paper is rotated 90°
and the other edge of the paper is placed in another tvough for chroma-'
‘tography in the second dlmens1on The weight is- agaln -added to the paper
fold, the trough and papers are placed in the box, the solvent is added
and development proceeds as just descrlbed When thls second development :
is completed the paper is ‘again dr1ed at which p01nt it is ready for -
: radloautography 'h

| The paper is then removed from the box and folded around a large
sheet of medlcal X-ray f11m This is then placed 1n a 11ght tlght cassette
and kept for a few days unt11 the radloactlve emanat1ons from the labeled
compounds: have had t1me to ~expose the X Tay f11m The fllm is then deve1~

-oped and dark spots appear wherever there were radloactlve compounds on




the paper‘inpcontact with the film.

Exposnre7of Plant Tissue to RadioaetiVity

: For'studies of’metabolltes of photosVnthesis- leaves 5uspensions of
un1ce11u1ar algae or suspen51ons of 1solated chloroplasts may- be used
Por e1ther suspenslons of algae or of eh1010p1asts the blOlOglCdl mat01la1
is suspended 1n a su1tab1e buffer and placed in a small flask A solution

14C labeled b1carbonate and/or a solutlon of 2P 1abe1ed phosphate is

of
then added to t31s “flask. The flask is 111um1natcd w1th gentle sw1r11ng
for a mlnute or so after wh1ch ‘the bJologlcallnaterlal 15 killed by the
addition of methanol to a final concentration of 800 at. room temperature.
The methanol quickly dlssolves the 11p1d membranes of the ce]l and dena-'
‘tures the proteln enzymes stopplng the b1ochem1ca1 reactlons at the tlme
of k1111ng If a klnetlc experlment is to be run,gsamples of the algae or
vchloroplasts may be removed from tlme to tlme and separatel) klllod

~ For experlments w1th leaves -the leaves of a‘small plant are placed

vv_1n a chamber with tranSparent walls or w1ndows, through which they can

14

be 111um1nated Gaseous CO2 is added or is generated w1th1n the chmn-"

. ber by addition of acid to Ba?

COS, After»a shott_perlod of photosynth051s,

the leaves.are removed from the chambet and killedl'_After_killing; an‘

: aliqnot sample'of the entire SUspension ofhdead‘biological material is
applied to the or1g1n of a. paper chromatogram An air current from a hair
.dryer may be used to fac111tate drylng of the methanol and water, leav1ng |

.the-blologlcal mater1a1 on~the'or1g1n If a halr*dryer is’ used the tem-

perature should be set falrly low so that the compounds, some ‘of which

are chemlcally lablle are not destroyed Alternatlvely to a halr.dryer,

a stream_of air or nitrogen from a tank may be applied_throogh a‘suitable



‘piece ofjtubing held in a clamp.

Laboratory Experlments

Several var1at10ns of the technlques used in rebearch studles w1ll be
adapted for use in student laboratorles ~ Many such laborat01nes will not
__be equlpped with the large chromatographlc boxes requlred to run paper
chromatograms‘measurlng 46_cm or So by‘57.cmt However,‘the.prlnc1p1es may
be adequately.tested'by preparing much smaller chrmnatograms of thevorder

'_of 25 cm x 25 cm. Also, experlments h]]l be descrnbed for the use of uni-

'cellular algae or leaves ~ Either of thesevblologleal experxmcnts may be -

comblned wlth‘analy51s by either the,large or the_smallxchromatogranﬁtb

Materials |

. Planta. For experiments w1th land plants healthy leaves of plants
capable of high rates of photosynthe51s and of'sochla texture as:to-be_v
’ea51ly extractable with organic solvents, arelrequired._ Ahong“plants
whieh.have'been successfully studied are epinach; soy'bean, pea; alfalfa.
Plants which exhibit:the additional pyruvatejmalatefpathway of o, fixa-
“tion, sUch.as maire or sugar cane may also‘be used,ﬁbut are often more

difficult to extract due to the fibrops'nature of their leaves.

In order to permit each student to do an experiment, a single alfalfa |

leaf about 2 cm long (or other leaf of similar.size)”will be used% What-

ever leaves are chosen, they should be harvested and kept on ice, and

should be used the same day as picked if possible.’ |
Among fresh water aquat1c plants, unlcellular green algae such as .

' Chlorella pzrenOJdosa have been widely used in research and are very suita-

- ble. Mar1neva]gae present a serious chromatographlc problem because of

the high salt content in their medium.

R
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00, mixed with %o,
s USed For algae'and chlordplasts suspensions, atsoluti-on‘of-NaHMCO3 _d

’ .Radioearbon}"For.leaVes'and higher plants,

mixed w1th,unlabeled blcarbonate is used “In elther case, a qpecnf:c
radloact1v1ty of at lcast 10 m1crocurles ner mlcromole should be used
.so that the %mal] anwunts of materlals on the paper thromatoglams wzll
contain enough 14C for easy detectlon For class use, one ml of a solu-

14HCO3 and’ NaH]ZCO3 w1th a spec1f1c radloactlv1ty of 20 uturles

_tlon of Na
per umole 0.05M (50 umoles) is recommended _ ThlS solutlon contalnlng

1 m11l1cur1e of 14C; is placed in a 2 ml serum bottle w1th a thht flttlng

_ serUm;Cap; For all experlments,.each student may wlthdraw 20 ul (20_ucurles)
with a 0.1 ml graduated microsyringe equinped with a 2-1/2 ineh, no; 20
gauge hyperdermic needle A1l 14 c contamlnated glassware and needles should

be rinsed with dilute HCL in a fume hood. v
Chromatographlc solvents The solvent for the first dlmen51on is

made up of from 840 ml "llqu1f1ed" phenol (Mallnckrodt, about 88% phenol'v
»‘and 12% water) 160 ml water, 10 ml glac1al acetlc ac'd and l ml 1.0M
ethylene d1am1ne tetraacetic acid. 6 | |
" The solventlfor the_second ‘dimension is made up7by mixing'together'
just prior toachromatography equal wolumes of thejtwohfolloWing mixtures :
A, n- butanol water (370: 25 V/v), and B. propionic'aeid:water'(lSOEZZO |
v/v) o -

Chromatographlc Qaper For}paper chromatography, a fine-grained,

chromatographlc.grade filter paper,is required for best results."One
paper often used in'research work is Whatman #l‘ bCare should be taken to
. 1nsure that the flrst solvent (phenol water) is run w1th the "'grain'' of
the paper. ThlS is d1ff1cult to see in a f1ne gralned paper, but is

- usually spec1f1ed in.a chromatographlc grade paper.: W;th Whatman #1, it -

-.‘1svthe long-d1rect1onfof the paper.



_10 -

' Formerly, the paper was often washed with a solutlon of oxalic ac1d
or of EDTA to rcmove dl\alcnt cations Whth could Jnterfere w1th the move-
mont of phosphate-esters on the paper. This 1abor10us paper washnng is’.

now e11m1nated by add1t10n of ‘the EDTA to the phenol solvent.

| Radloactlve ink. For exact matching-up of X-ray films w1th’paper
chromatograms after development,'it is desirable to label'the corners of
the chromatographic paper with radioactive ink. Thus, when the film is
developed the inl on the paper can be exactly matched with the correspon-il
dlng exposed mark on the paper, thus guarantee1ng that all radloactlve
hspots on the paper will be prec1se1y located with respect to dark spots‘
on the film. The ink can be prepared by the addition of nonvolatile radio-
active compounds (such as 4C—labeled glucose) t0»ordinary black ink.
_;__Z,fiyﬂ' Slngle coated blue sens1t1ve medical x- ray film (such
as-Kodak SB-54) .is used. Double coated film could be used but would have
twice the hackground'(due to cosmiCnradiation)‘and only one side would

14

be exposed by the weak beta rays from the 7 C..

Other materials. Among other materials requ1red a.e methanol fbr v

killing the plants, liquid NZ’ and dry ice if 1eayes are to be kllled and
extracted, microsyringes and needles, and"various standard biochenical
coﬁpounds,;éuch as thevamino acids alanine, aspartate'andvglutamate; sugars,
zcarboﬁylic acids, etc., for identification purposes. ‘Ninhydrin may be

employed as a color reagent spray for amino acids.

Equi 'pment'

Chambers for plants or 1eaves., A chamber for an eXperiment with

‘a whole small plant or w1th exc1sed whole leaves must be transparent or

have w1ndows to.prov1de for 111um1natlon of the‘plant;materlal and must'l,'

i+ A AV o s s et 822N



_‘ll-.

either have 1nlet and outlet valves for lntrOdULln& COZ’ or must pxov1dc N

14

for generat1on of CO2 within the chamber. lbe actual de51gn wxl] depend'

on the size and shape of the plants and materials avallable
For a small leaf such as a single alfalfa Jeaf a4 ml w1demouth Vldl
(14 mm OD 45 mm high) stopnered with a Size 15 rubber serum stopper

sleeve type,‘may be_used. The CO will be generatcd inside this bottle

2.
with the leaf in’place' After one minute the stoppef and leafl will be

removed from the vial in a dry box hthh is exhausted to a fwne hood through

14,

- a NaOH trap to remove the small amount or LOZ remalnlng.

Exposures of alqae and isolated ch]orop]asts Fbr this purpos¢,’

sma]l (about 10 ml), round bottom glass flasks \Jth tlohtly flttxnw selum
caps may be used. _S1nce-the green material to be used has a hlgh‘coe£t1~
'ciént'fot ligbt absorption, a thin layer of'biologlcél.mate}ial_on tbe
bottOm.gf thétflask is'desirablé. ‘This is'athieved‘by using 0.5 to 0.1 ml
of the liQuid'suspeﬁsibn OfACCIlS or chldroplésts}land providing a gently
vswirlihg motion (by hand or‘métbaﬁical'shaker)'wbicbsdistributes the |
materialiin a thin layer on the bottom of the flask;s'bIllumlnation'may_be :
lprovidéd_frbmuthe bottbm,vpteferably'through a‘watér bath'with a transbarebt'
"bottoﬁ'tqlcdﬁttol temberuturevin thevflaskst' o | |

| For,thé;exposure bf‘larget amounts of algaelsuspenston;-a flat-sided,
'disc—shapéd vessel with stqpqock;equipped inléts'éndibutlet at;tob.and
'“bOttom may,be used. The inside thickness of tbelyés5¢1lshould be’ﬁo,more
“than 5 m. RadioactiVe:H14C05 solUtiOn.ﬁay:be addéd‘throughvthe top stopf
“cock, .and periudicaily; Samples-may be taken from time to time'by opening
::f1rst the top stopcock and then brlefly, the bottom stopcock The.VeSsel

is held in a vertical p051t10n and 1llum1natcd from the 51des, usuallv

w1th 1ncandesccnt lamps shining through 1nirared absorb1ng fllters 1mmersed



- ]2_

in bathS'of eooiing water. Much morefelaborate syefems'forpcohducting
kinetic experiments with algae exposed to radioactiVe.tracer§ehave been -
described}? hguch systehs:have provisionifor.reoircoiating the mixtures_of _
v 14C02 in'air through thehalgae and'gasjhonitoringvihérromehts in;a closed
"System, using a gas pamp,k'Solehoid’operated'valvesppermitvtaking‘samples_
of”uniform'éize rapidly by pushﬂhufton. | | | | |

Chromatographic Eooipment' The simplest and Cheapest eduipment for

two- dlmenSJonal paper chromatography ConSJStS of a w1de mouth ﬂlaqs JdT
-such as. 1s used in home fruit cannlng, equipped wlth a screw- on 11d
Ascendlng»chromatogrmnsvcan be run in such jars by.plac1ng solyent 1n-the
bottom to a depth of about Z'on, and setting a paper cylinder in-rhe soli'
vent, cappihg'the jar and allowing'fhe solvent to'travel‘up'the paperf
by'capillarity ' To prepare the cylinder, the mlxture ‘to be ana]yzed is
first drled on the 20 an x 20 can paper about 3 cm in from one corner, and
the paper is rolled 1nto‘a cylinder and the edgesvstapledjtogether. After.
the first solvent reaches the top_of the'paper,.the paper_ié dried,'onsta-
pled, and rolled in the ofher direction, stapled;'ahd fhe'cylihder,i%
‘placed:in'a Second'soivent for the second dimension Unfortunately, th1s
method does not glve reproduc1b1y good resolution of compounds compared to'
the resolution obtalnable with descendlng chromatography and somewha; .
larger papers: 7 h

For Small two-dimensional paper chromatograms'(ZS ah X 23'cﬁ), a
bench top chromatography jar unit, square about‘30 X 30 ‘cm scuare and
60 cm high, may be puréhased This unit is %uppljed with a g]ass ]1d
adJustable stalnless steel rack and four solvent trough assenmllcs cach
: con51st1ng'of one glass solvent trough, one trough-holder, two~glaS§ anti-

siphon rods, and one glass anchor rod, for about’$125.'_Thi;,assehbly is -
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satiSfactory;sprovided the experlments can be.run in‘a roOm.with no more
.than 3 C varlatnon in tcmperature For rooms wnth larger temperature
varlatlon, more expen51ve, 1nsu1ated assemb11es are requlred

For large'two-dlmenSLOnal paper chromatography_(whlch.glves-the best
reSults, and is used in'researCh),‘fOrmice;lined cabinets‘With inside
dlmen51ons about 40 x 65 cm and 60 cm deep may be purchased Equipped*
with solvent assemb11es, these cost about $500. These boxes may be eas1ly
'mod1f1ed for drylng chromatographlc papers in s1tu after development Two
10 cm dlameter round holes are made in the cover on the centerline of the
long dlrectlon w1th the edges of the holes about 6 ¢m apart. bachahole
is equ;pped w1th a 10 cm diameter air pipe flush_w1th the_1n51de of the N
1id and'PTOﬁecting 5 cm on the outside. 'On'the'bottom'of.thc lid, a |
v4 an x 4 cm board, 30 cm long, is attached between the holes and runnlng
across the short d1rectlon of the 11d. To this board is attached a th1n
-plate of stalnless steel or other resistant materlal 30 x 30 cm.

When chromatograms are be1ng developed both plpes are closed w1th
1arge plugs When the chromatograms are to be. dr1ed the p]ugs are re-
moved,va'flexlble-vent hose 1is attached»to onevof the plpes, and.led to anv
exhaust System; If the suction by the-exhaust-system'is not’sufficjent
a closed alr blower 1is placed 1n the exhaust 11ne to move air from the -
box chromatographu: cabinet to the exhaust system A1r enters the cabinet
through the other plpe is d1str1buted through the cablnet b) means of
the plate attached to the bottom of the lld ‘and leaves by the exhaust 'v
.system,tdry;ng the paper_chromatograms in placer In.thls way, people are
protected'from‘excessive'inhalationvof the fumesyof:the’volati]e chromato; -
_graphicvsolvents,:and_the papers do notlhave tohbe:transferred while,wet,;_

thus minimizing the possibility of dropping and tearing.



Experimental Procedures

- Either of the experimental procedures for exp051ng plants to 14C02;
may be comb1ned with elther of the chromatographlc procedures R

Photosynthesls w1th leaves Place a few crystals (about 10 mg) o(‘b

citric acid in the bottom of a 4 ml w1dcmouth v1al Cover the cx)stals :

with a thin layer (about 3 mm) of glass’ wool. " cut off a leaf from the:;:

alfalfa_branch, welgh to l mg, and place the leaf in the vial;tstanding |

on its stem on the glass wool. Stopper the vial with the serum cap, and p

place in ”dry box. |

Carry out the following operatlons in a dry box vented to a fume hood'.-

through Ascarlte In th1s way, when the ]eaf is lemoved from the Vld]
4.

the residual CO2 w111 be trapped in the Ascarite (NaOH on asbestos) and

will not escape to the atmosphere. Federal and State regulatrons now-
place very low limits (0.1 ucurie per.cubic meter of air) on 14C02'that
can be 1ega11y released to the atmosphere

Insert a 2 5 1nch no. 20 hyperdermlc needle. attached to a 0.1 ml

graduated mlcrosyrlnge into the stock solution of NaHl4

°3
of the solutlon up into the m1crosyr1nge Then-suck in a‘few ul of air

and carefully lay a51de the syrlnge and needle on a p1ece of t1ssue in a

tilted p051t10n (needle point up) so that the.solutaonrwrll-not be spllled-

until needed. v |
Hbld the vial contalnlng the leaf by the stopper and Jllumlnate from
the 51de w1th an incandescent lamp for one minute; then remove from the
light temporarlly.and insert the hyperdermlc needle through}the sermu cap
until the'tip touches the‘crystals of citriC‘acid at the botton of the .

vial Be very careful during’ the 1nsert10n of the needle so as not to

~allow the solutlon in the syrlnge to flow out through the necdle prematurely

00, and draw 20 .ul -
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-it.is recommended that this teehnique be practiced'SeveraigthHGS‘wjthout
radloactlve solutlon When forcing the needle through the serum cap, take
care not to pu%h on the plunger of the sernge |

When the needle is in placc w1th the tip touchlng the c1tr1c ac1d
hold the v;al-ln the light ‘and 1nJect the_blcarbonate‘selutlon into the
citric acidlby'pnshing_in the plunger. Withdraw the,needle‘and'place it
in a beaker cpntaining'dilute HCL. Continue the éXpeeufe of the"leaf for
one minute. (]f the‘instruétor wishes, the”time -dn be varled fxom one
experlment to another to demonqtrato the 1ncredse.1n 1ntorpoxat10n of 4C '
with t1me-1n different compounds.), At the cnd of1th15 perlod, remove the
_ serum4cap,“femove the leaf with a tweeiers and.place‘it“inte a small dewar
of quuid;nittbgen. When frozen,_tranefer:1eaf-totan12eml graduated
cenicel centtifﬁge-tube containing,z ml of 80% methdnolezo% water, pre"
cooled te'abeut -15° C; If 11qu1d V is not avallable ‘the leaf may be
placed dlrectly into this cold methanol-water mlxture After 30 minutes
remove leaf_from dr) box U51ng a small gla%s <t1rr1ng rod, break or mash
thelleaf in'thefmethanol?water mixture. Stopper and store the test tube
in‘thevfreezingfeompaftment of:a_refrigerater for:tnreevdaYS._ Occasionally
stir;with'the stirring rod. | | -

’ Centrifuge the -leaf material by spinning the*eentrifege,tubebin a

~small centrifuge'at low speedt Remove:the'soiutienvwith a pipette to a
second graduatedvtubeQ Add 1.0 ml of 20% methanol—weter‘(room temperature)
“to the leafiresidue, étir and centrifuge;. Add thefsubernatant>éolution to
the'80§ extract. Measure‘the total‘volume after mixing For- chromatog-
raphy, use a one flftleth a11quot portlon of the solutlon

Photosynth051s w1th algae. Withdraw and centrlfuge enough algae ‘

_solution from the culture flask to'contaln at least‘l,cms.

of packed algae
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:after centrifngation4 Resuspend the algac in a 1. 0 X lO -3 Mhphosphatc :
| buffer adJusted to pli 6, to give a 1% v/v suspen51on -
| Each. student should w1thd1aw 0.25 ml of this suspen51on and placc it

inba 10:m1~round”bottom ilaskt  Stopper the flask wlth_a serum cap. Place
“in dry hox; ednipped wlth eihaustvthrongh Ascarite. In~the dry box, draw up
1ml of methanol through a hyperdermlc needle (20 gauge) 1nto a 2 ml '
syringe. Set aside for 1ater use. N .‘ _

| In dry.box, withdraw 20 ul NaH14CO3 solution throngh a hyperdermic

needle into 0.1 ml microsyringe. (See precautions under Photosynthesis

with 1eaves‘experiment ) Holding flask by <topper, 1llum1natc for one .-

minute; Insert hyperdormlc needle through serum cap unt11 t1p of needle

is in algae suspen51on InJect b1carbonate solut1on and.w1thdraw needle. -

Tiluminate for one mlnute g1v1ng the flask a gentle SW1rl1ng motlon to
dspread out suspen51on on the bottom of the flask. | |
At the end of this perlod, insert the needle attached to the 2 ml
syrlnge and 1n3ect the 1 ml of methanol . Wlthdrawvthe needle, and-swrrl
~ the flask for a?fewvseconds.-.Remove the stopper, and allow at least a
‘half hour for 1“"COzb to esCape before removing the;flask'fromlthe dryvbox.
Use SO nltof_the killed suepension for the snall.chromatograme,‘and_

200 ul for the large_Chromatograms; as described below.

' Chromatography in Small Cabinets. Cut sheetstZS-cm square from large

sheets (46 x 57 cm) of Whatman no. 1 fllter paper, mdrk1ng the. small sheet<

‘to show the long dlrectlon of the orlglnal paper. . A pencil may be used

for mak;ng this and_other 1dent1fy1ngvmarks on=the~paoer wlthOut interfb‘
'ference‘with,the chromatography. ’Mark the spot for the origin at a pointv
near-one corner ‘and 5 cm from each edge. R |

U51ng a mlcroplpette and syrlnge apply the plant materlal slowly to ;

ot . .
le

.
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'this,origin,;keeping-the wetted area as small as pOSSible'~and in anv case

not larger than one cm in diameter- If marker’ compounds such as - the amlno

acids alanlne and glutamate are to be cochromatographed hlth the llle'

. actlve compounds thcy should be added to the plant materla] before it is

1 applled to the chromatogram Enough of each should be added to the sus -
pen51on.of plant mater1a1 in methanol watez that the allquot sample '
applied to the paper will conta1n 25 ug of each. An ait- dryer (such as
" a hair dryer) or a stream of a1r or nltrogen may be used to speed 1he
drying process The spot need not be absolutely dry before it is placed
-in the chromatography cabinet - exce551ve dry1ng may in fact lead to sore
st1ck1ng of compounds to the or1g1n du11ng development
o Make a one cm fold along the edge of the paper whlch is near the
origln and’ at a r1ght angle to the “'long" dJrectlon of the paper (see
above) . Place two such papers in each chromatography trough so that the .
~ folded edges overlap, but the remalnlng parts of the +wo papers w1ll hang
on opposite sides of the trough.  Place the weight on;the'crease in the
papersvto'hold them in the trough. | o | | B

- Pour about 20 ml of the phenol “water solvent 1nto a small flat’dish
.1n the bottom of the cablnet. Place the trough w1th papers in the cablnet.
When all of the troughs are in place carefully add 25 ml of the phenol-.
’ water solvent ‘to each trough ‘taking care that the solvent does not splash
o over and run down the paper Close the cablnet or chromatograph) Jar |
t1ghtly “Any - leak which allows the solvent vapors to escape or air to
enter:may»cause the chromatograms to Tun unevenly
| The chromatograms are normally -allowed to develop unt11 the solvent |
reaches the bottom of the paper, 7 or 8 hours. Then_open the cabrnet and

Temove excess ‘solvent from the troughs with a plpette{ -
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"The_phenel'Sleeﬁtecan cegse severe skin burnsue:Using rubber gleves,
remoVe the tfouohs With the-papefs:stiil in place and place'them on a |
sultable rack 01 stand Jﬂ a fume hood f01 dIyLng | .

When the papers have drled stralghten out the folded edqe as mueh

as p0551ble, dnd nake a new fold one. cm irom the second cdgc near the

orlgln. Thls fold will be at a rlght angle to the f1rst fold Place about"

25 ml of butanol proplonlc ac1d solvent in bottom of cablnet Place papors
in ‘trough as before, and'place trOUghs in cablnet Add 25 ml of butanol—
propioniCYaCid solvent to'each'trough .clese'the cablnet and allow the
chromatograms to develop until the solvent reaches the bottom of thc pdpels,
about 5 hours Again remove excess solvent hang troughs with papers in
fume hood and dry for about two hours The chromatogramsvare,nou ready

for radioautography with X-ray film. | -

Chromatggraphy with Large ngers Larger chfometograms made with

full 51ze sheets of chromatographlc paper- (46 x 57 cm) have the advuntng 
that larger amounts of material may be_analyzed whlle at the same time
better resdlution of eompounds is obtained.

V'Mark'the oriéin af a point 7.5 cm in from eaéh,of'two edges. If
marker compouhds are to be added, for example'alaniﬁe and.glutamic acid,
add to suspen51on of blologlcal material before applylng to chromatOgrams.
In the. case of amino acids, about 100 ug of each ac1d can be applied to a
chromatogram | Apply the prescribed amount (see prev1ous sections) of -
blologlcal materlal on the orlg;n,‘uslng an air Qr nltrogen stream (a
commercial-hair.&ryer may be ﬁsed-fbr this pﬁfpose); ‘Apply}biological
_material‘at such a rate that wetfed area rdnaiﬂs.sméll,rnot excecding ZIem_
in diameter.

Make a fold in the paper 2 cm in from edge neat'theeorigin,and across -

R L




: theVShort directlon of the paper When a second chromatogrmn has becn
prepared fold 1t slmllarly, and place thc two papers in the chlomatograpulc
trough w1th folds overlapped and the bar weight on top of the fold. lhe
- papers hang from opposlte s1des of the trough, over the anthLphonxnn 1ods.
In order to insure rapld equlllbratlon of vapo1 and solvcnt \hen the
'cablnet 1s lat01 closed about 50 ml of phenol solvent plus 30 m] oJ warm
water may be placed in the bottom of the cablnet before the papers are putv
'1n place " Then place the-chromatographlc troughsvand papers in the -
‘-cablnet Add 100 ml of phenol solvent to each trough taklng care that '
the solvent does not splash onto paper out51de of trough (lose cabinet |
xt1ght1y If air ducts have been added to the cablnets as. dGSCleCd above,
| they must be tlghtly stoppered Any loss of ‘vapor from.the cablnotfwlll
'1nterfere w1th obtalnlng good chromatograms . | |

| From: 24 to 28 hours will be requ1red for the phenol sol\ent to rkJLh
the bottam of the paper. Then open the cabinet, remove excess_phenol”_
lsolventufromfthe troughs and dry the papers, either:bv removing and'hang-‘
ing in a fume hood, or by attachlng the air duct (see chromatographlc |
equ1pment) if the cablnets have been equipped for drylng pap015 in place
Wear rubber-gloves if the wet papers are to be handled, as;PhC“QIvLQH

- cause seVere'skin burns If‘phenol does come in'contact with skin, the . -

B affected area should be 1mmed1ately rinsed with a few ml of ethyl_alcoholy

fbllowed by flushlng water. Alcohol is much more effectlve than water
‘for remov1no phenol from the sk1n surface 1ayer
It is necessary to allow overnlpht for. drylng the phenol papcxx

Then fold a second edge next to the or1g1n and’ along the long dlroctlon of v

. the paperr Agaln place a second paper in the trough and add the bar weight,

"Place about 100 ml of the butanol proplonlc ac1d solvent in the bottom of
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the'cabinet. -Place the'troughs with papers-in théfcabinetbandhclose'h
tlghtly as before '. | | |

Although the butanol- proplonlc ac1d solvent hll] reach the bottom of
the papers 1n about 16 hours, it is recommended that the papers be allowed
to develop for a total of 24 hours w1th the so]vent drlpplng off the bot--
_tom of the papers durlng the last part of this period. Very few compounds
of blochemlcal 1nte1est will be lost durlng this perlod and much better
resolutlon of the remalnlng Compounds on the paper w1l] be obtalned

- If the best resolutlon of all compounds is requlred a second set
of. chromatograms 15 prepared and the papers are developed for 48 hours in
each dlrectlon In thls case, many metabolltes w111 be lost from the
paper, but excel]ent resolutlon of sugar phosphate and dlpnosphates, and
of nucleotlde phosphates can be obtalned |

‘ When_the second solvent has run for the presCribed thne,lopen.the

cabinet, remove”eXCess solvent:from the troughs and.drylthe papers as be-
fore. | | o | -

Radioautographxj'"When the paper chromatograms arebdry,‘radioautOgraphs

may bevprepared'by placing the papers in_contaCt’with;X-ray.film._ frim'
the edges ofdthe papers next to the origin with a straightedée and‘scissors‘
~ to one cm»from‘the origin In order to insure that papers and f11m can
later be preclscly matched mark the papers w1th radloactlve 1nk at thev‘
corners on elther 51de of the corner next to the or1g1n (51nce no compounds
w111 be llkely to travel there) The marks used may also serve to identify
the papers and the1r f1hns v ~ |

Two of the small papers or one of the large papers W111 be placed in
contact w1th a plece of 35 x 42 5 cm medlcal X-ray- fllm but for the larser

_papers the outer edges will have to be folded around the f1]m Place the -
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papers on the film witb'the inked sides next’to'the'emu]sion If SlﬂglC' |
coated film is used be sure the paper is in contact ulth thn emulslon

side. A Kodak;Wratten 6B f;lter may'be used to prov1de llght 1n the}dark'
, rodm, _ | | | \‘ o

'The“small chromatograms'may'be'held]in‘place with'small'piecestf‘

masking‘tape~at the corners.' Place the paper and film indthe papéf'cover""

supplied with the lem, and then.p]ace this in some light-tight container
in Wthh the fllm and paper w111 lie flat and undlsturbed durlng the ex-
posure Commerc1a1 X- ray f11m cassettes, an old fllm box or any other '
.11ght tlght box “the rlght size may be ‘used for this purpose Slnce beta
‘radiation from 14C does not penetrate ‘the X- ray f11m, a number of papers
and films in the flhn wrappers may be plled flat together in a 51nglc old
fllm box, without any danger of cross exposure | ‘ | | |

‘Allow the flhns to be expoSed for about flveidays;fzbeveiop the films
- with med1ca1 b & ray f11m doveloper and f]XCT Dry the films The radio-
‘autographs may now be examlned for the pattern of 1abe1ed metabo]ttes '_
. formed. durlng the experlment o |
Compare the pattern of radloactlve compounds w1th a chromatographlc
- map for-these solvents. Identlfy as many compounds as possible from the
map and the relatlve positions. If a-thlnbwrndow Greger-Muller-tube and -
’.counterlls avallable, detemmine the relative radioactivity ofrthe.strongly ’
iabeled_compounds. For this purpose, it isvheipful'tolfirst 0utline'uith
pencil the'positions of'the'compounds on paper by holding film and paperv
to a window on a llght table using the radioactive 1nk marks to line up-
:paper and fllms,

After the compounds have been- tentatlvely 1dent1fled and counted

. the papers mayﬂbe sprayed with a chemlcal to develop colored_spotsvlf_



marker'cdmpdunds have beén5added;. if_amino_agidsﬂhaVe been éddéd, spray
with ninﬁy@fin]SdlutiOﬁ (0.1% in'95% ethénOl)‘andfhgétvfhe‘papérs iﬁ aﬁ
| oven:at‘goﬁ C for ébout Svminm, or until the blué-éufple spots appeér. :
erther reagéhts are available for developing”éolor with_phosphutés or-
sugar§a o | | | | . |

| Piepéfe_é'table 6f lébeléd compounds . List'éémp0und§ téntdtivcly.

' identified tfrom chromatographic map),'cqmpoundS’idéﬁtifiedlby cb-chroma?_

tography; and unknown compounds (as A; B, C, D,:eté.j, Make a sketch of

your radidaﬁtograph‘showing relative poSitions of all apprecjably'laboled
_ cqmpounds,‘ In table, give the amount of radioaétivity‘(in counts per

minute) for each compound:
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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