
SHORT CUMMUNICATION 

THIAMINE -METABOLISM .IN GERMINATING MAIZE 
SEEDLINGS 

INTRODUCTION 

DURING our investigations on the biosynthesis of thiamine in yeast,‘** it was decided to 
examine germinating maize seedlings as possiile material for the study of thiamine bio- 
synthesis in higher plants. Two aspects were examined (0) the nature of the thiamine deriv- 
atives in the plants and (b) the synthesis of thiamiue during various stages of growth. Part of 
this work has already been brie@ ~~ported.~ 

RESULTS 

Ident.@atk~ of a-Hy&oxyethyMamine 

ThepulifM,de&lted,thiamine-containingextractsofgerminatedmaizeseedl&s 
prepared~d~~intheExperimental~onweretakento~~onarotaryevaparator 
and the residues extracted with absolute ethanol acidified to pH 90 with HCl. The extracts 
were chromatographed on thin layers of Kieselgel Gin a solvent system containing pyridin+ 
isobutanol-water (4 : 1: 1, v/v). The developed chromatograms were sprayed with K3Fe(CN)s 
sol~tion,~ dried and viewed under the U.V. lamp. Thiamine and c+hydroxyethylthiamine were 
ident%ed by their positions on the chromatogram compared with authentic samples of these 
twomaterials. Itwasfoundthatbothcomponentswerepresentin3_daygerminated~, 
M-day seedlings, all green parts and in young cobs. a-Hydroxyethylthiamine was, however, 
absent from ungerminated seeds and mature cobs. 

Quantitative determinations on lo-day seedlings indicated that 50 per cent (50,48,51 per 
cent in three experiments) of the total thiamine was in the form of a-WylthiambE 

l%iamine synthezis in GemaMting seedlings 
Total thiamine levels were measured every 24 hr during a germination period of 10 days 

inthe light. Bat&es of five seedlings were examined and the mean values for five experiments 
arerecordedinFig.1,fKnnwhichitcanbe~thatlittle,ifany,nets~~isoocursduring 

1 D. B. Jomsm, D. J. Howmu and T. W. Goomm, Biochm. J. 91,8P (1964). 
2 D. B. Jomum, D. J. Howmu and T. W. GOODWIN, Biochm. J. 
sD.B.Jm and T. W. GOODWIN, Bkwhtm. J. 88,62P (1963). 
4 A. R~~~FANELu, N. SmPMmI and P. FAmuA, SC&w lla, 711(1952). 

761 



762 D. B. Jm and T. W. GOODWIN 

0 1234 5676910 

ge.mhti0~inthelight. similar exper&ntswithseedBqskeptinthedarkyieldedalqost 
ide&calq~M~. Afurther ex+ment in which seedliqs germinated in the dark for 5 days 
were transferred to the light for a further 5 days indicated no differences between these 
seedEqs and those maintained in continuous darkness (Table 1). 

6 1.74 1.75 
7 1.81 l-80 

f ::ii 
l-89 
l-91 

10 219 2-21 

.wts were than carried out on growing plants and it was shown that as the plant 
devehq~ and photosynthesis becomes well established the t&mine content per plant also 
rapidly W (Fii. 2). 

DISCUSSION 

The~thatlittleifanynetsynthesisofthiamineoccursd~germinationof~ 
seeds k in line with observations made on germinating wheat by Hoffer ef uL,~ who found 
~ttkrtfiialninelevelnmainedvirtuallyconstantoveragermination~odof18daysinthe 
dark. Inthiarrespecttbirumiae~differentfromriboflavine,niacinandpyrid~e,allofwhich 
increase during germination. However, the present experiments show that thiamine is not 
metaboli&y inert, for after 10 days’ germhmtion 50 per cent is in the form of a-hydroxy- 
ethyl&u&e. As it is thiamine pyrophosphate which is the active co-factor in oxidative 
decarboxylation, there is little doubt that a-hydroxyethylthiamine pyrosphosphate is the 
naturally Mg form; this would be dephosphorylated during our extraction procedures. 

sk~kW.~addW.F.aaDolks,CarsolC~~23,76(1W6). 
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The demonstration of c+hydroxyethylthiamine in g erminatingseedl@salsoindicateathat 
thiamine is actively concerned in the metabolic processes associated with germination. 

It is only after about two weeks’ germination when photosynthesis is well established that 
thiamine synthesis is well established (Fig. 2). From these investigations it is clear that 
germinating seedlings are not suitable material with which to study thiamine biosynthesis. 

EXPERIMENTAL 

Mated 

Maize (South African Horse Tooth hybrid No. 15!%/4221) supplied by Messrs. Gunsons 
(Seeds) Ltd., London, was used throughout the investigation. Seeds were soaked in water for 
24hrandgerminatedinmoistvMmiculiteat28”~1”inagrowthroom,eithsrinthelightorin 
light-tight cupboards. Mature plants were grown in earth in 24-in. pots in a greenhouse. 

Extraction of Thiamine 

Ungerminatedseeds. Seeds werecut into a suitable size and milled in a laboratory mill 
(Glen Creston, S tanmore). An accurately weighed sample was introduced into the tube of a 
laboratory homogenizer (MSE) and homogenized in O-1 N HCl(35 ml). The homogenate 
~~~toa100mlconical~kandthetubeandbladeswashedwithO.lNHCa,aad 
the washings added to the homogenate. The volume was made accurately to 75 ml and the 
Wkheatedonaboilingwaterbathfor3Omin. TheextractwascooledandfUtered. The 
residue was washedwithdiluteHC1(pH~5)andthe~t~~andwashing~~toa 
150 ml conical flask. They were then ready for further treatment. 
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Germinated seedlings and cobs (maize he&). The procedure for ungerminated seeds Was 
followed except that the milling step was omitted. 

Mature plants. Large plants were finely divided with scissors and transferred to a large 
conical flask (2-3 1.) containing 15-2~0 1. of 0.1 N HCl. The material was then homogenized 
with an Ultra Turrax homogenizer run for 30.set spells. When homogenization was corn- 
plete the extraction wa.8 continued as just described. 

Preparation of thiamine extracts for quantitative determinations. The method was a slight 
modification of the procedure recommended by the Association of Vitamin Chemists.6 The 
thiamine was determined fluirimetrically 6 in an Eel fluirimeter. 

Preparation of &tracts for Chromatography 

The extract was &s&d by the phenol rneWx17** The desalbd extract was taken to 
dryness in a rotary evaporator; the residue was dissolved in ethanolic HCl (pH 4.0) and made 
up to a known volume for fluorometric assay; the remaining solution was then taken to small 
volume for chromatographic analysis. 

Chromatography. Thiamine and a-hydroxyethylthiamine were separated on paper 
chromatograms in three solvent systems8 (i) n-butanol: ethylene glycol: 0.1 N HCl(4: 1: 1, 
v/v); (ii) n-butanol: acetic acid: Hz0 (4: 1: 5 v/v; upper phase); pyridine: water (4: 1, v/v). 
The spots were virmahxed in U.V. light (Han&a Lamp, Model 16, with Chance OX1 filter) 
as dark absorbing spots; increased sensitivity was obtained by first spraying the chromato- 
gram with K&(CN)8 solution 3 which converted thiamine and a-hydroxyethylthiamine into 
their corresponding thiochromes which exhibit bright blue fluorescence in U.V. light. The 
separation on all these systems takes about 24 hr. A thin layer system was therefore developed 
which cut the development time to 2 hr. The most effective separation was obtained with 
Kieselguhr (Merck) as adsorbent and pyridine: isobutanol water [4: 1: 1, w/v] as developer. 
Typical Rp values are thiamine O-03; c+hydroxyethyhhiamine 022; thiaxole hydrochloride 
O-30; pyridine sulphonate O-70; and thiochrome 0.98. 

Quantitative Lktennination of Thiamine and a-Hydroxyethylthiamine 

Aliquots of the prepared extract were chromatographed on the thin-layer system just 
described. The developed chromatograms were sprayed with oxidizing solution (K3Fe(CN),& 
dried in a current of hot air and examined under U.V. light. The areas of thiamine and 
a_hydroxyethyUiamine were marked out, and then scraped onto a filter paper in a small 
funnel and eluted with isobutanol(7 ml). Equal areas of adsorbent from the corresponding 
areas in a blank region of the chromatogram were treated in an identical manner. With the 
eluate from the blank area of the plate as blank reference solution and an oxidized solution. 
of thiamine as a standard reference solution, the amount8 of thiamine and a-hydroxyethyl- 
thiamine in the eluted spots were determined fiuorimetrically.6 

a-iY.~tayrtAiti. This was synthesixed by the method of Krampitx and his 
cO&%4Jlle8.p 

6 Ai38o&tioll OfvitaDlin ChemiBtB. Meti of mum&# Assay, NW York Intaecknce (1947). 
‘J.M.IACONO8ndB.C.J ouu8o~, J.‘h: C&MI. Sot. 79,6321(1957). 
8 G. L CARUON and G. M. BROWN, J. Bid. C&in. X46,2099 (1961). 
%.KB~G.GBBvu,C.S.MILLBR,J.B.Bruauo,H.R.Src.8oo8audJ.hd.SPaAova,J.Am.~m.. 

&I,5983 (1958). 


