
phytocbemirtry, 1967, vol. d PP. lctsf to 1%6. Pcrmmoa Pmm Ltd. F+ritltod lo EJaglmd 

A COBALT REQUIREMENT FOR NON-NODULATED 
LEGUMES AND FOR WHEAT 

S. B. WILSON and D. J. D. NICHOLAS 

Department of Agricultural Biochexnistry, Waite AgrkulturaI Rcswwh Institute, 
The University of Adelaide, Glen Osmond, South AustmIia 

(Received 14 December 1966) 

-abaIt deficieng was produced in non-nod- subtermaan clo-ler, ~ifo&im s8l&rrmunl, 
grown with zzitm& or urea nitrogen and in wheat, !l’kiz&um datum, supplied with nitrate nitrogen. Lkficieacy 
effects were aIso obtained in sterile cultures of IT. subtevoneom utilizing either wbztltous sulphate or cytno- 
wb&min as a so- of the minuet’ C&amides wcrr) not detected in sterile T. subzerr~~ which 
rapidly degnxded added @Co cyanocobalamin. It ~89 shown, by gel filtration technique that over 90 percent 
of the tracer is not associated with wbalamin nor inorganic cobalt. 
of Iow molecuha weight from pfant extracts is described. 

The separation of these cobalt complexa 

INTRODUCTION 

IT IS established that cobalt is essential for nitrogen fixation by free-living bacteria, blue-green 
algae and symbiotic systems. l* 2 The metal requirement is usually associated with the produo- 
tion of cobamide compounds by the bacteria which function in their met&ok3 Cobamide 
co-enzymes and methyl malonyl CoA isomerase which requires the co-enzyme have been 
found in the root nodules of legumes and non-legumes.l* 3 

Relatively little is known about the e&et of the micronutrient on the non-nodulated 
plant. A cobalt deficiency has been reported in rubber and tomatoes 4 and in non-natal 
subten?xnean clovers but deficiency symptoms were not recorded. Traces of cobamide 
materials have been found in plant material grown under sterile conditions, by microbio- 
logical assay methods. 6 It is not known whether these compounds were derived from the 
seed or produced de no~o. The expanding parts of plants accumulate cobalt and there is 
chromatographic evidence for a non-cobamide complex containing cobalt in root nodules.? 
The respiration rate of root tips from cobalt deficient T. subterrmem plants is reduced.* 

In this paper, techniques are described for producing visible signs of cobalt defkiency in 
non-nodulated subterranean clover, T. subterraneum and in wheat T. &rum. With the aid of 
cobalt labelled with 6oCo, complexes of the metal have been separated from plant extracts 
by filtration through Sephadex G-10 columus. It is shown that sterile plants degrade cobamide 
compounds readily and none was detected in extracts prepared from these. 

1 H. J. EVANS, S. A. Rusau and G. V. JOHNSON, In Non&em Iron Proteins; Role in Energy Mcrabollsm 
(Editi by A. S. PWRO), p. 303. Antioch RFSS, Ohio (l%S). 

2 D. J. D. Nraaxk?, M. Koa4;y~sm and P. W. WILSON, Ptoc. Natl ALurd. Scl. U.S. 48,1537 (1962). 
3 H. J. EVANS and M. Kxaw~~, ANI. N. Y. Acad. Sci. 112,735 (1964). 
* E!. W. BELIE-JONES and V. R. M ma, J. Rubber Res. Inst. Malaya 15,128 (1957). 
5 S. B. %kSON and E. G. HALlSWORTH, Plmrt hii 22,260 (1%5). 
6 L. FRnrs, P/ty,siof. Pltmtarum l5,566 (l%Z). 
’ S. B. Wnsohi and E. G. -CBRTH, P&W &if s, 60 (t 96s). 
8 E. G. HALLSWORTH, S. B. Wmo~ and W. A. AD.UGJ, Natare Zos, 307 (1965). 
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RESULTS 

Essentiality of Cobalt 

The effects of a cobalt deficiency on non-nod&&d subterraneum clover, T. subterraneum, 
and on wheat T. durum grown with nitrate nitrogen as the sole nitrogen source are illustrated 
in Fig. 1 and Table 1. The young leaves developed a chlorosis. Dry weight yields of tops and 
roots were considerably reduced in deficient culture as shown in Fig. 2A and B. A range of 

TAB= 1. THE EFFBCX OF ADDING COBALT AND CYANO~~BALA~N TODEIKXENTPLANTS 
OF ‘Ik(foIiwn subterraneum (mm 67 DAYS) GROWN UNDER ~%GLE CONDlTIONS. 

hANTB mTppLIED WITH 15 MMOLES/L. NlTRATE, 60 DAYS BEFDRE HARVESTING 

Treatment 

CobBltous 
Cyanocobalamin Wlphate 

No addition @l /.unoles/l. 0.1 ~moles/l. 

Mean dry misbt(s) 0.24 0.36 0.34 

Least differenca for signibnce @08g, P=@Ol. 

Cobolt, p mol /I: 

3.03 
0 0.01 0.1 I.0 IO 

Cobolt, /.b mol /l. 

FIG. 2. THE EFFECTB OF COBALT ON THB DRY WEIGHTS OF PLANTS QROWG WITH 10 MhtOLES/L. ADDED 

NlTBCM3EN A3 INDICATED. 

(A) Wfolium subterranean C.V. Mt. Barker. Non-nodulated plants supplied with nitrate or urea 
nitrogen. (B) Triticum durum C.V. Dural, supplied with nitrate only. Statistical significance: 

x_ P=@O5; ?Y+ P=@Ol; __f xxx P=O*OOl. 



, 

h3. 1. THE EFFECT OF COBALT DEFKXNCY ON NON-NODUUm ~&s&m subterrwteum (ACE 39 DAYS) 

A, AND 23Gztnz &awn (AGE 28 DAYS) B. 

Plants grown with 10 mmoles/l. nitrate as sole soum of nitrogen. Left: plants grown withO. I*moles 
cobalt/l.; Right: plants grown without added cobalt. 
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mineral micronutrients included in the culture solution had no effect on the recovery of the 
plants. The response to cobalt was produced over the range O-01 to 0.1 pmoles/l. In Triflium, 
a cobalt requirement was also established when urea was substituted for nitrate nitrogen 
{Fig. 2A). 

Since these plants were not grown under aseptic conditions, it is likely that microbial 
activity converted some of the cobalt to cobamide like materials and that these were taken up 
by the plants. Plants were then grown under sterile conditions with cobalt supplied as cyano- 
cobalamin or cobaltous sulphate. The dry weights of the deficient plants were significantly 
lower than normal ones but there was no difference between cyanocobalamin or cobaltous 
sulpham-treatments. 

Cobalt Complexes in Pktnts 

Ethanol extracts of plants were supplemented with CaCls, cobaltous acetate and cyano- 
cobalamin prior to passing through G-10 Sephadex columns. Ethanol was used to elute the 
various fractions. The results in Fig. 3A show the behaviour of %oCls and Wo-cyanc+ 
cobalamin alone and when added to extracts of tops of GZycine max. Unlabelled dicyano- 
cobinamide was also eluted in the same volume as cyanocobalamin. 

Extracts of all the plants examined whether sterile or non-sterile contained a large propor- 
tionofthelabelas~mpl~esw~chwereneithercobataminnotinorganiccobaltbycomparison 
with reference samples (Fig. 3B and 3C). Extracts of wheat grown with %oC!ls did not 
contain any major amount of the tracer in the inorganic form (Fig. 3B,l) indicating that it had 
been metabolised. Cobalt complexes were not formed when 6oCoC12 was added in vitro to 
these extracts. (Fig. 3B,l). The cobalt complexes occurred when either *CoCls or 6oco 
cyanocobalamin was supplied in vivo to T. subterraneum or G&cine max. (Fig. 3C). It is 
noteworthy that the cobalamin fraction was not detected in extracts of sterile T. subterrcmeum 
supplied with 6oCoCla and was only a small proportion of the total activity in pIant extracts 
when @Co cyanocobalamin was supplied to the plant (Fig. 3, C, 1 and 2). Samples of the 
various fractions collected from the Sephadex column and again passed separately through 
the same unit were all quantitatively eluted with the same volume of ethanol. 

Prochction and Degradation of Cobum id& Cornpod in Trifoolium 

The results of the previous experiments suggest that no cobamides could be detected in 
sterile plants supplied with %Xls and that @Co ~an~ob~~ added to the plants in viva 
was metabolised into unidentified cobalt containing complexes. The production and degrada- 
tion of cobamides was examined further using the reversed isotope dilution analyses, bioassay 
and titration through Sephadex. Ammonium formate (0.1 M) was added to the ethanol used 
for eluting the Sephadex columns to ensure that cobamide materials present would be readily 
removed from the columns. 

The results of the reversed isotope dilution analysis given in Table 2 show that sterile 
plants of T. subterraneum grown for 31 days with 6oCoC12 in the nutrient medium did not 
incorporate the tracer into free or bound cobalamins. When the plants were grown under 
non-sterile conditions however labelled cobalamins were formed presumably due to microbial 
activity. When 6oCo cyanocobalamin was added to the culture solutions of sterile plants, 30 
days after germination, only 7 per cent of the labelled material in the ethanol extracts was 
cobamide after 5 days growth but none was de&ted in extracts of plants supplied with 
@CoC12 instead of cyanocobalamin. 
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Eluotr, ml 

FIG. ~.CHR~MAT~G~~~HY~P~O PWCENTBO~GFIHANOLEX~~UC~OFPWNTSTREA'IEDASD~~- 
~R~~D~NTHETEXTANDPAS~D-~HROUGH SEPHADEX G-lO(50xlc~ COLUMN). ELUTION~~~% 
v/v EmANoL. CARRIER AMOUNlX OF COBALTOUS ACJXATE, CYAMICOBALAMIN AND CALCIUM CHLORIDE 
WeReADDEDTOMESAMP~PRIORTOPASSAOETHROUGHTHECOLUMN(100~CO~~~A~A~, 

20 * Co CYANOCOBALA~N AND 20 MG CaCQH~O). PLANTS OROWN wrm LABELL~ ~~rnm. 

5 DAYS BEFOREHARVESTING. 

(A) 1. Wo cyanocobalamin added to extracts of unlabelled Gly&e max tops not previously grown 
with M&led materials or 6oco cyanocobalamin alone. 2. WoC12 added to extracts of unlahehed 
Gfycine max tops not previously grown with labrlled materials. 3. WoClr reference. (B) 1. WoClr 
labelled non-sterile Tritium &rum tops. Plants grown 31 days prior to the addition of labelled 
material. 2. WoC12 lahelled non-sterile T. durum tops. Plants grown 3 1 days prior to the addition of 
labelled material. Additional 6ocoC12 was added to the ethanol extract before passing through the 
column. Thii curve overlaps with the one obtained when 6cCoCl2 alone is passed through the column. 
3.6’XoCl~ lahelled non-sterile T. durum roots. Plants grown 31 days prior to the addition of labelled 
material. (C) 1. WoClz lahelled sterile T. subterraneum plant. Plant grown 30 days prior to the 
addition of labelled material. 2. WoC12 lahelled non-sterile T. subterranewn plant. Plant grown 45 
days prior to the addition of lahelled material. The peak at 30 ml has an elutton volume betwee those 
for cobalamin (18 ml) and inorganic cobalt (40 ml) which have molecular weights of 1280 and 60 
respectively. 3. 6oco-cyanocobalamin labelled sterile T. subterraneum plants. Plants grown for 31 
days prior to the addition of labelled material to the culture solution. 4. @JCoCl~ labelled non- 
sterile Glycine mar tops. Nodulated plant grown for 60 days prior to the addition of labelled material 

to the culture solution. 
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Tmu 2. THE INCORPORATION OF 6ococ12 AND “co-cr-m mm n~olium subterYaf&?um 

Age of H-t @wd 
, \ 

I.abc~~_ypo~d$ agar At isotope 
addition At harvest 

Extracts of sterile (S) or 
non-sterile (NS) plants Wo CPM. 

-2 3 34 

-2 3 34 

6ococ12 3 34 

(NS) O-1 M acetate buffer pH 
4-S + O-01 % KCN 

2610 

(S) O-l M a&ate buffer pH 
4-8+0-01% KCN 

0 

(S) Papain digest of plant residues 0 
a&r@1 MaautebutTerpH 
+8+001% KCN extraction 

(S) 80% v/v boiling ethanol 
(S) 80% v/v boiling ethanol 1; 

When T. mbterrmteum was grown under aseptic conditions in culture media treated with 
activated charcoal to remove corrin materials, cobamide compounds were! not detected in 
extracts of these plants by the E~~r~c&z coli Cl81 tube assay. About 90 per cent of 6oco 
cyanocobalamin added to a plant extract was recovered by the charcoal technique. 

No labelled cobamide compounds were detected on Sephadex G- 10 columns from ethanol 
extracts of sterik T. subtermtem plants (Fig. 4BJ). The first and last labelled fraction (15 
and 40 ml respectively) eluted from Sephadex columns with an ethanol-formate mixture, were 
identi&d as cobamide and cobaltous ions respectively by comparison with authentic markers 
(Fig. 4A). It is noteworthy that dicyanocobinamide is eluted from the column in the same 
fraction as cobamide. In extracts of non-sterile G&&ET max supplied with ‘jeCo cyano- 
cobalamin into the base of the stem, about 4 per cent of the activity was associated with 
cyanocobalamin (Fig. 4B,2). 

The amounts of @‘Co cyanocobalamin fell rapidly in extracts of sterile T. subtemmem 
collected at intervals after adding the labelled material to the culture solution (Fig. 4C). The 
addition of cyanide to the buffer used to elute the columns had no effect on the activity of the 
cobamidefraction,thusindicatiqgthat~theco~demate~~s~~eluluted (Fig4D,l). 

Hydrolysis of extracts of plants given e%o cyanocobalamin with O-1 N formic acid prior 
to passage throuf@ the cohmm converted the fraction collected at 20 ml to one at 40 ml. The 
latter peak coincides with that of inorganic cobalt. At the end of the experiment the agar 
medium contained cyanocobalamin only (Fig. 4D,3). 

DISCUSSION 

The data presented herein leave little doubt that cobalt is required for the growth of non- 
nodulated subterranean clover, T. subterrmrarm and wheat, T. dumm. It is noteworthy that 
previous attempts to establish a cobalt deficiency in non-nodulated plants were made with a 
large seeded species having substantial reserves of the micronutrient.g In our experiments 
however, seed reserves were considerably reduced by excising embryos from small seeds of 
plants taken from cobalt deficient areas. Although in previous work rigorous methods were 
used to remove cobalt from the culture solution, as was done in this study, the control of the 
atmospheric contamination was not attempted. lo In our experiments air entering the growth 
chamber was rigorously pm&d by passage through special filters. 

9 S. A and H. J. EVANS. Proc. Nut1 AC& Sci. U.S. 47,24 (1961). 
10 A. J. Aeeon and E. J. Hm, Ann. Rep. Los&? Ashton Res. Stu., Bristol Univ. p. 145 (l%S). 
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‘“:J&.&Y&.&Y , 
IO 20 30 40 50 60 

Eluotr, ml 

Fro. 4. CHRobiA~RAPHY OF 80 PER CENT BoILpKf ElHANoLExTRAmoPPLAmxTREATEDAs 

D- IN THJ~ ‘IHIEF AND PASSED THRouoH !bHADEX G-10 (50 X 1 CM COLUMNS). ELU’IION WITH 

65 % V/V ETHANOL CONTAINING 0.1 M AMMONIUM FORMATE. c ARRIER AMOUNTS OF COBALTOUS ACEI’ATE 

AND CYANOCOBALAMIN (10 /.kC COBALTOUS ACJ.TATE AND 20 @I co cYAIWXXAL.WN) WEaE ADDED TO 

THE l?xTRAa PRIOR To PASSAGE THROUOH -IHE COLUMNS. 

(A) 1. Wo cyanocobalamin added to extracts of G1ycinemar topsnot previously grown with labelled 
materiaJs. 2. ~CoClx added to extracts of Gfycine nmx tops not previously grown with labelled 
materials. (B) 1. Sterile T. subterruneum tops. Plants supplied with 6ococl2 after 30 days growth and 
harvested 5 days later. 2. Non-sterile Glyc&ze MUX tops. Plants supplied with aoc0 cyanocobalamin 
after 60 days growth and harvested 5 days later. (C) 1. Sterile T. subterruneum plants. Plants supplied 
with Wo cyanccobalamin after 30 days growth and harvested at once. 2. Sterile T. subterruneum 
plants. Plants supplied with Wo cyanocobalamin after 30 days growth and harvested 1 day later. 
3. SterileT.subterru.neumplants. Plants suppliedwith60Co cyanocobalaminafter 30 daysgrowthand 
harvested 5 days later. (D) 1. Sterile T. subterruneum plants. Plants supplied with 6oCo cyanoco- 
bahunin after 30 days growth and harvested 5 days later. Extract treated withO. N formic acid for 
15 min and neutralised before passage through the column . 2. Sterile T. subterraneum plants. 
Plants supplied with 6oCo cyanccobalamin after 30 days growth and harvested 5 days later. 
Eluting solution 65 %v/vethanol containing0.1 M ammonium formate and 0.01% KCN. 3. Residual 
radioactive material in nutrient agar after removal of sterile T. subtcrrunnun. Plants supplied 

with @To cyanocobalamin after 30 days growth and harvested 5 days later. 
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The fact that in our experiments cobamide compounds were not detected in sterile plants 
of T. ~~e~~~~ is correlated with the rapid degradation of ~y~~ob~~n introduced 
into these plants. Thus cobamide compounds are readily broken down by plant euxymes. 
This observation is in agreement with the similar growth response obtained with either cobalt 
or cyanocobalamin when added to deficient plants in sterile conditions. These results differ 
from those reported by Fries 6 who claims that in Pisum suifvm cobamide compouuds are 
produced. It is not clear from this work whether the large reserves which were laid down under 
non-sterile conditions might have contained cobamide as contaminants derived from 
microflora. 

It is clear that cobalt containing complexes other than cobamide materials are formed in 
T. wbterraneum, Glycine max and T. durum. Since these compounds from dilfereut plants, 
separate in a similar way on Sephadex columns, it is of interest to speculate that they may be 
common to higher plants much as cobamide compounds are associated with mioro-organisms. 
Further work will be necessary to establish the composition, function and distribution of 
these compounds in nature. 

EXPERIMENTAL 

Nonsterile plants were grown in solution culture. C%alt was removed from kR nutrient salts by the 
a-nitroso-jkaphtholmcthod.~ Ftrriccitratewae~fromFccl,thelattarp~ bytheanionoz&aqqz 
method described previously.?* 11 “Specpum” m&ml micronutrients (Johnson Mathey Ltd. London) wera 
used without further purifkation. The composition of the culture solution is #given in Table 3. Pur&d water 
p~by~raia~~atcrinapyrexglassstillaxl0cmcol~ofmixed 
bcdxesin(2partsbyv&htDowex21KandlpartDowex50). Theconductivityofthewaterwas<@l~os. 
ThepHof~culturtsolutionwasadjustbdbyadl~uiv/l.ofNaHCOs,t~~~~~~~~ne 
to remove cobalt. m dithizone was eliminated by two treatments with activated chazoal. 

T-3. -oNOF= NWRIENT soLurIoNs 

Concentration 
ReaJwt Elenww/L 

Kcl 
cacl* (dried) 
w=4 * nr20 

Na~I-IPO4.2H20 
Ferric citrate 
MnS04.4H20 
cuso*.SH~ 
NaN03 

VIZ 
ZIl%&.7H20 
I-w% - 
@JNftc)6Mo@24.4H@ 

~2f~d3.18H20 

Nti+.6ti20 - 

=+.7H@ 

2.0 mmoles K 
1~6mmolesCa 
@75 mmoks Mg 
O-75 mmole3 s 
Q32mmoksP 
0.075 mmolca Fe 
o*ans mmolea Mn 
1.0 poles cu 
10 mmoles N 

10 mmoles N 
1.0 @lolea zn 
3OpoleaB 
020 qoks MO 
033 qolcs Al 
010 poks Ni 
0@66@lOlcsGa 
Variable- 

11 IK. A. Kruus and F. NELBON, In Proc. Int. Congr. Pmcejii Uses of Atom& hergy, Vol. 8, p. 837. Gentva 
(1955). 
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Tfrepl~~wtrehousedinagtowfhcabinet i~~a~by~sofl2 ~4ooW ~~u~l~~and6 x 4OW 
fhtomscent lamps separated from the ~o~~cornp~~nt by a glass screen. The light intensity at plant level 
was 50 g cai/cm2/day, the day length 15 hr and the day and night temperatutc 20” and 15” respectively. Circula- 
ting air in the growth cabinet was filtered, through “ Dycon" filters (Westiugh~u~e Roseberry Pty. Ltd., Rose- 
berry, N.S.W.) to remove dust particles. Ail metal surfaces were painted with clear varnish and trays of 
purified water placed on the floor to maintain the humidity. T. subrerrunewn plants were grown in 300 ml 
polyst~necontainersb~~ke~~ontheoutsidewith”Bituros”solutian(Wa~esDoveLtd.,Hebbum,Durham) 
and T. dicrum plants in 1 I. high de~ity ~ly~ne containers. The plants were supported in a small hole dniled 
in the white clip on lids which were blackened on the underside with “Bituros” solution. 

AB apparatus was cleaned with chromic acid other thau the high density polythene containers which were 
treated with aqua-regia and then couc HC1 (1 + 1) followed by at least five washes with purified water. 

Air supplies for aerated cultures were passed first through a 60 cm cohunu of charcoal granules and then 
through NH$XI, and finally filtered through a 60 cm column of acid washed glass wool. in non-static cultures 
the culture solution was circulated and aerated by the use of compressed air from a rerervotr through a series of 
ux) ml high density polythene culture vessels linked by potythene tubes. This system which prevented damage 
to root systems by air bubbles, was easy to clean and regulate and enabled ail the culture sotutions in one treat- 
ment to be charged without handling enher the vessels or the plants. T. sub~e~ranerlrn C.V. Mt Barker were 
obtained from &Id plots where cobalt de~c~n~had~ in nodulated plants but cobalt deficiency could 
also be obtained with commercially produced seed if the cotyledons were excned at the time ofemergence of the 
unifoliate leaf. T. durum C.V. Dural, seeds were obtained from plots at the Waite Institute and the embryos 
were excised when the coleoptiies were 65 cm htgh. 

Seeds of uniform weight were washed with @02% Nouidet P40 detergent (Shell Chemical Co,) five times 
with purified water before st~i~mEwi~ 3 *A v/v Hz02 for 10 min 12 and washed a further five times with puri- 
fied water before ~~~tion at 20” on acid washed filter paper. SeedIin@ se&ted by uniformity were placed 
in the culture vessels when the radicle of Trifoolium or the coleoptile of Triticum was 1 cm iong and a further 
rigorous selection for uniformity was made 21 days after germination. Experimental treatments were started 
when the slants were 21 days aid using OQl umolt&l. of cobalt and raised in tenfold steps (logarithmic scale) at 
weekly in?ervals until the &al conce&ati&s we& mached (see Result&. 

Sterile ~lantswere arown from seeds surface sterilized with 95 Xvlvredistilied ethanoi for 3 min followed 
by 0.1% w/v mercuric>hioride for 4 min and washed four times‘&th sterile glass distilled water. Culture 
media and vessels were sterilized by aut~laving for 15 min at 15 ibiinz. 

Seeds employed in the deficiency experiments were individ~lly gernlinated on fibm glass mesh supported 
in 6 x + in. pyrex teat tubes capped with inverted specimen tubes. The tubes were filled to the level of the glass 
mesh with purified culture solution. At the time of emergence of the unifoliate leaf(7-10 days) aliquots of the 
culture solutions from each tube were plated on yeast extract, peptone, mineral salts medium to check sterility 
prior to transplanting. Tbe cotyledons were removed asceptically before transfer to larger contamers. 

The sterile plants were cdtured in 2-l. pyres beakers covered with an inverted pyres petri dish. The 
annulus was sealed wtth cotton wool and the plants supported at cuiturc solution level with fibre glass mesh 
resting on an inverted high density polythene jar which was drilled to allow the root to pass through. Each 
plant was supplied with 1200 ml of the original purified culture containing nitrate nitrogen and supple~nted 
wi~~32~oles/l. phosphorus, 5 mmoles/i. nitratenitrogen. Experimental t~atments~~st~~ at the time 
of transfer to the large containers at @Ol ~oles/I. of cobalt or the equivalent amount of cyanocobaiamin 
(0.1 @ales/l.) and raised thme weeks later to 0.1 ~ole#. cobalt by adding sterile cobahous suiphate or 
cyenocobalamin, An ahquot from each cuiture vessel was further tested for sterility by plating before 
harvesting. 

Non~eficient plants were sterilized as described previously and germinated directly on the yeast extract 
peptone mineral salts medium. ~divid~l sterile seedlings were transferred after three days to 8 x 1 in, pyrex 
test tubes containing 25 ml unpurified nutrient solution supplemented withO. ~moles/i. cobaltous sulphate and 
solidified with @7% agar. The tubes were plugged with non-absorbent cotton wool. The semi-solid medium 
thus allowed easy removal of the pfnnt. Samples of the medium in each tube were tested for sterility before 
harvest. 

The piants were dried at 80” for 48 hr in an aerated oven followed by cooling in a desiccator. 

Ru&acHve lsatope Techniiues 

6OCo was obtained as the chloride specific activity 7.6 mC/mg Co, from the Australian Atomic Bnergy 
Commission, Lucas Heights, Sydney, N.S.W. @Co labelled cyanocobalamin “Rubratope 60” specific 
activity 149 c/pg was a gift from Dr. D. Perlman, Squibb Institute for Medicai Research, New Brunswick, 

r2K. ‘I’. WERKGA, In ~uzv~~io~ of rite Legfmses (Edited by E. G. H~~~woa~), p. 256. Butte~o~hs, 
London (1958). 
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New Jersey, U.S.A. Renxyl alcohol present in the Rubratope as a preservative was removed by drying the 
material in a stream of oxygen-free nitrogen at 50”. 

Soco was radioassayed in a 2 in. well type thallium activated sodium iodide crystal using an “Echo” 610 
scaler and automatic sample changer. 

Seporotion of Non-wbamidb Complexes contohhg Coba 

Plants grown in unpurihed nutrient solution were. supplied with 2 PC @Co per plant using cotton wicks to 
transfer the isotope from small vials into the base of the stem and the plants harvested 5 days later. 
amounts of the tracer were detected in the culture solution. 

Negligible 

After harvest the plant parts were plunged into boiling absolute ethanol which was maintained at boiling 
point for 2 min. 
v/v ethanol. 

After cooling and decanting the alcohol, the tissue was m-extracted twice with boiling 80% 
The combined extracts were dried in a rotary evaporator with n-propanol to prevent the accumula- 

tion of a water rich mixture. The extracts of the tops were treated with light petroleum to remove chlorophyl 
and the residues finally extra&d with absolute methanol. The latter solution contained 90 oer cent of the 
radioactivity. Recovery from the wlumns was 100 per cent of the tracer added and at least 90-m cent of the 
tracer in the plant was recovered in the ethanol extracts. 

The methanol solutions were passed through Sephadex G-10 wlumns (50x 1 cm) eluting with 65% 
ethanol; inactive wbaltous acetate, cyanocobahunin and calcium chloride were added to each sample prior 
to placing on the whunn. Satisfactory separation was not achieved in the absence of either ethanol or calcium 
chloride. 

Determination of Cobolomins Proaked by Pkmts 

Three methods were used to determine wbalamins (a) bioassay, (h) reversed isotope dilution assay and 
(c) Sephadex tiltration. 

(a) Sterile plants used for bioassay were grown in culture media wntainingQ1 ~oles/l. cobalt. Cobamides 
were removed from the solution by treating it with activated charcoal. The charcoal was purified by boiling in 
several batches of AR gmde HCI (1 + 1) washed three times with puritied water and then with hot 10% w/v 
phenol and hot 65 % acetone. This treatment would remove any wbamide that might be present in the culture 
solution. Cobamides were extracted from the plants by boiling the tissue for 30 min in O.lM sodium acetate 
buffer (pH 4.8) wntaining @01x KCN.13 After homogenising this material for 5 min in a top drive macerator 
it was centrifuged at 30,ooO g for 15 min. Tbe supernatant fraction was wllected, the residue recxtracted with 
puritied water and these washings added to the original extract which was then treated with charcoal at pH 3, 
4,5,6,7 and 8 respectively.6 The charcoal fractions were bulked and treated with 5 % w/v phenol *‘and purified 
water and the cobamides were eluted with several batches of boiling 65% v/v acetone. The combined acetone 
fractions were dried in a rotary evaporator at 50”. Puritled water was then added and the material dried again, 
this process was repeated until all the phenol was removed. The residue was dissolved in puritied water and 
transferred into sample tubes. It was then dried in a stream of oxygen free nitrogen at 50”. The wbamide 
contents of these samples were assayed by the l?scheri.schia wlf Cl81 tube assay. The residue from the acetate 
buifer extract was resuspended in acetate butfer (pH 7-O) and digested asceptically with papain (50 mg enzyme 
g r&due) for 48 br at 37” in the presence of @02 M cysteine hydrochloride. The usual checks were made to 
wntirm that wnditions were sterile. The wbamide materials were then determined by the experimental 
procedure described previously for the soluble fractions. 

(b) For the reversed isotope dilution assay, sterile plants were grown with %&ls or %!o cyanocobalamin 
(@2 &/plant). When ~CoClx was used, cobalt was omitted from the culture medium because there was 
sticient of the metal in the unpurified medium to support normal growth. The wbamides were extracted 
from the plants by the acetate buffer (pH 4.8) method and by papain digestion or by boiling 80 % v/v ethanol. 

6ocO in the plant extracts as wbalamins were recovered in the presence ofcarrieramountsofinactivewbaIt 
and cyanocob&min (600 pg and 500 M, respectively) by extracting with benxyl alcoholis After extmcting 
the dicvanocobakunin with benxvl alcohol the organic phase was washed amal timm with 20 % w/v Na#O. 
wntai&g 1% KCN (pH 1 l-5). -When the dicya&cohalamin complex was transferred back i&o- the water 
phase it was washed several times with benzyl alcohol : CHC13 mixture (1: 1). The radioactivity present in the 
washings was checked to ensure that no more of the tracer was present before proceeding with the purification. 
The spectmm of the puri6ed dicyanocobamide (5 cm cells SW00 spectrophotometer) was found to be identical 
with a sample of crystalline cyanocobalamin tested with excess KCN. Dicyanocobalamin was determined 
from the optical density measured at 582 run and from the radioactivity of the purified complex corm&d 
for losses during purification. 

13 E. Herr-JOROENSEN, In Methoo!s of Biochemical AnoIysis (Edited by D. G~cK) Vol. 1, p. 81. Interscience, 
New York (1954). 

14 J. E. FORD and J. W. G. PORTW, &it. J. Nub. 7,326 (1953). 
15 G. 0. Rtmkt~ and R. J. TAYLOR, Anal. Chem. 24,1155 (1952). 
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(c) C&amides were separated from ethanol extracts using G-10 Sepbadex columns (50 x 1 cm) eluted with 
65 % v/v ethanol containing 0.1 M ammonium formate. In some experiments, QOl % w/v KCN was included 
in the eluting solution. Car&r amounts of inactive cobaltous acetate and cyanocobalamin were added to each 
sample before passing through the column. 
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