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Abstmct-Wheat root tips from 8ernunated wxlhngs were incubated m labeled n&ruxe-U-~-~*C for 
perrods up to 30 mm. Uptake of actwtty mto glucose-l-phosphate, glucose&phosphate, sucrose and UDP- 
&nose was monitored Extremely low, but sr@u&ant, a&&es were found m ADP-8lucose and GDP- 
&rcose. A Golgr fractmn was isolated. Act~vrty was found m a partmulate form but it could be solubrhzed 
in mild base or acid. Sephadex chromatography of the base solubmzed material demonstrated that rt had 
hr& mol wt Acrd hydrolyses yielded mainly radmactwe xylose, arabmose, glucose, &a&se, wtth lesser 
quantmes of mannose. and uromc acids 

INTRODUCTION 

FROM classical metabohsm, labeled glucose incorporated into plant trssue IS phosphorylated 
by glucokmase to glucose&phosphate. After that it may be converted to glucose-l-phos- 
phate, UDP-glucose, sucrose and polysaccharides. Many early studies indicated that cell 
wall polysaccharides contamed most of the activrty after mcubatron in labeled sugars for a 
few hours.1*2 That imphes rapid uptake of activrty mto UDP-glucose, GDP-glucose and 
other sugar nucleotides, necessary for biosynthesis of complex polysaccharides. 

Whde many studies on uptake for perrods of several hours have been reported, short 
permds have not been extensively studred. Northcote and Picket&Heaps3 reported that 
Golgi bodies were actrve after wheat root trps were incubated in radioglucose for 15-20 min. 
Then studies indicated that these organelles were involved in the biosynthens of hermcellu- 
lose, that was subsequently incorporated into the root cap and cell walls. Presumably the 
approprrate sugar nucleotides contaming xylose, arabinose and uromc acids, as well as 
glucose and galactose were labeled also. UDP-glucose IS the most abundant sugar nucleotlde 
in wheat seedhngs. c6 ADP-glucose is present in the endosperm,’ and the coleoptrles 
mcorporate 32P into ADP-glucose and GDP-glucose but at low levels compared to UDP- 
glucose.* The roots seem to contain only UDP-glucose m quantrties suthcient to be identi- 
fied. 

* Contnbutron No 111, mpartment of Bmchermstry, Ransas A8rmultural Expenment Statton, Ransas 
State Umversrty, Manhattan, Ransas 66502, U S A 

t Present address: Norwch Phamwal Company, Norwch, NY. 13815, US A. 
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4 R. BERGKW, ACM Chem Scud lo,1303 (1956). 
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A quantrtative study therefore was conducted on the uptake of radroglucose into the 
sugar nucleotides contaming adenosine, urnlme and guanosme bases to determme if uptake 
of actrvrty is consistent with their reported roles m carbohydrate brosynthesrs. Uptake of 
activrty into the Golgi fraction, sucrose, glucose-l-phosphate and glucosed-phosphate was 
monitored also. 

RESULTS AND DISCUSSION 

14C Metabolites. The uptake of labeled glucose into sucrose, glucose-6-phosphate, 
glucose-l-phosphate, UDP-glucose and three unidentified compounds IS shown in Table 1. 
Specific actrvrtres, 1 e. actrvrty divrded by the amount of carbohydrate extracted, are reported 
because u-regular srzed samples were taken for analyses. At least nine radroactrve compounds 
could be observed on the X-ray film after the 30 mm mcubatron. Fructose was rdentrfied by 
its R, but was not counted because rt contamed such low levels of activrty. The three closely 
runmng compounds, X-l, X-2 and X-3 (Table l), were produced m farrly htgh concentratron 

TABLE 1. hDIOACTIWl’Y* IN METABOLITESPROMWHEATROOTTIPSAFTERINCUBAnONLNU)~DDGLUCOSE- 
u4Pc 

Metabohte 
2 4 6 

Incubation tune, mm 

8 10 15 20 25 30 

sucrose 3 9 13 18 19 33 37 52 
Glucose-l-phosphate 2 ii 1; 1: 7 8 7 8 10 
Glucosw%phosphate 3 14 14 14 19 22 
UDP-ghlcose 1 5 6 6 6 12 9 13 
GDP-glucose - - - - 03 - - - (Fi5 
ADP-glucose - - 015 - - 02 

$1; 2 
x-3 : 

u, 26 - - 24 24 2 2 3 3 ; -Y 5 5 7 
30 - 22 3 0 0 0 0 

* Actwty shown m counts/mm/pg carbohydrate 

in the fist 5-8 min. After 10 mm they de&red to nearly zero m actrvrty. They were sunrlar 
m R, to a compound described as G-X by Peaud-Lenoel and de ,Gournay-Margerre,g and 
exhrbrted the same type of rapid uptake of actrvity. Unfortunately, further work showed 
that, unlike the G-X compound, none of our three compounds could be hydrolyzed to 
glucose. Chromatography m a varrety of solvents demonstrated further mmor differences m 
Rp (Table 2). other compounds rdentdied by these workers,g namely, alamne, glutamme, 
glutamrc acid, aspartrc acid and glycine, were ruled out because they had different R, values 
m one or more chromatographrc systems. Our compounds failed to react with mnhydrin or 
with srlver mtrate. 

An exammatron of the exudates by paper chromatography demonstrated that radro- 
actrve X-l, X-2, X-3, fructose and other compounds had been excreted mto the medmm 
at an early stage. However, no srgmficant amount of sucrose or any of the phosphorylated 
compounds (Table 1) was detected. Uptake of actrvrty mto X-l, X-2 and X-3 therefore IS 

g C PIUUD-LENOEL and C DE GOURNAY-MARGERIE, Bull Sot Franc Physlol VegetaIe 10,162 (1964) 
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even greater than shown m Table 1. However since they could not be hydrolyzed, presum- 
ably they contam no phosphate or glucose. Therefore a possrble role m polysaccharide 
brosynthesis seems remote. 

Uptake of actzuity in the Golgi fraction. The dialyzed Golgi fraction remamed insoluble 
durmg dralysrs and the radioactrve material could not be solubrhzed m hot water or by 
somcation. It was readrly solubrhzed with nuld base or acrd (0 05 N KOH or 0.01 N HCl at 
100” for 15 mm). Elution of the materml on Sephadex G-l 5 is illustrated m Frg. 1. Most of 
the actlvrty was in high mol. wt. compounds. The hrgh mol. wt. components on acid 

TABLE 2 PAPER CHRo~ToG~Hy OF x-1, x-2 AND x-3 COM- 
POUNDS IZXTRACIXD BY 50% IXHANOL FROM WHEAT ROOT TIPS 

USING GLUCOSE AND ANALINE AS REFERENCES 

Compound 
Solvent 

I II III 

RG R *Ia RG R AI. 
X-l 0 34 0 71 0 74 0.52 

c-i 0 041 37 0 0 97 87 084 1 20 077 - 

Solvent I : EtOAc-pyndme-water (10.4.3, v/v) 
Solvent II: n-BuOH-proplomc acid-water (BDTA) 3.6 mM 

(10 5 7, v/v) 
Solvent III. 80 % is&OH. 

hydrolysis produced the radroactrve sugars reported m Table 3 (rsolated by paper 
chromatography). The analysis is typmal of a ‘hemicellulose’. Results from the ‘chase’ 
experrment (Table 3) are consistent with the theory advanced by Northcote,3 i.e. the Golgr 
produce hermcelhtlose that 1s subsequently deposrted via vesicles m the slime layer of the 
root cap and cell wall. 

Some puzzling mconnstencres appear wrth regard to other aspects of cell wall hosyn- 
thesis. Although root tips from wheat seedhngs were shown to have a full complement of 
enzymes necessary for biosynthesrs of the guanosme and adenosine contarmng sugar 
nucleotides, extremely low levels of activity were incorporated compared to the amount 
mcorporated by UDP-glucose. Srgnrficant levels of activity were not incorporated into the 
pentose or uranic acrd moietres of these nucleotrdes, necessary for the biosynthesrs of the 
hermcellulose found m the Golgi fractron. Apparently there IS an extremely rapid turnover 
of these nucleotrdes but not of UDP-glucose. Furthermore, the hermcellulose was partmu- 
late, bound perhaps to a hpid component, which was readily freed wrth rmld basic or acuhc 
hydrolysis. Lipid mvolvement m bacterml cell ~a.ll,~~J~ 0-antigen1z*13 and cellulose14 
blosynthesrs IS well documented. The bacterml systems produce polysaccharrdes that are 
excreted. The hermcellulose produced in plants IS excreted also, and some type of lipopoly- 
saccharrde may be mvolved. 

1°J S ANDERSON,M MATS-M A HA.XINS and J L STROMINGER, J Bwl Chem 242,318O (1967) 
I1 M. MATSUIG~SHI, C P. DIETRICH and J L STROMINGER, J. Bwl Chem. 242,3191(1967). 
If M DANKERT, A WRIGHT, W. S. KELtey and P. W. ROBBINS, Arch Bwchem Bzophys 116,425 (1966) 
I3 R YUAN and E L HORECKER, J. Bucterwf 95,2242 (1968) 
I4 J R COL~IN, Can J 13lochem Physiof. 39,192l (1961) 
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l30. 1. FRACTIONATION OF RADIoAcIlvB PoLysAccaARlD BsAMPLRsoFFQuALcARBoEYDRATE 
OONTRNTOBTAlNEOFRoM&WiIFRACI¶ON8OLUBILUED IN 0.5N KOH AT 100" FOR 15 min. ‘.t’h 
SJIPEADEX G-15 COLUMN (1 X 41 cn$ WAS BLuTgD WlTLi 6.5 mM ICHJ’G. -KaHPG. BUFFER 

pH 8, FUIW RATB 7 ml/hr, aEcovwy--95 % OF ACTIVITY APPLIED. 

0,30 min mcubatlon in D-ghlcos5u-G’4c. 
A, 30 min incubation in D-glucose-U-LJ4C followed by 30 min *chase’ m 041 M ~-glucose. 

TABLE 3. hOIOACTM'IY OF suOARs,FROMTm 
HYOROLYZAT@S OF THE ISOLATED PARTfCOLAll3 
FRACITON SBPARA-IELl BY PAPER CHROMATO- 

QluPm? 

~~- 

sugar Activity, % of total 

Immobile fraction 
Galactose 
Glucose 
MannOSe 
Arabmose 
Xylose 

182 
17.5 
17.2 

1:: 
229 

*Root tips were mcubated 30 mm m D 
glucose-U-W*C. Isolated partnhte &action 
after dlalysls was hydrolyzed in 1 N HCI 6 hr at 
100”. 
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EXPERIMENTAL 

Preparatwn of etiukzted seedlutgs A sample of wmter wheat (Ottawa varrety) was mrsed m 0 1% 
formaklehyde 1 h.r.15 The formaldehyde was removed by washmg 1 hr in drstrlled water. The seeds were 
germinated in the dark for 48-72 hr at room temp. on motet tilter paper. Sterile comhtions were maintained 
so far as possible. 

Zncubarion stu&s. Following germmatton, root tips were excised wtth a razor blade and washed in cold 
water.Generallvabout2gofexclscdroottlDswasplacedinasmallbeakerandcovered~~3mlofwater 
amtruning 15-50 fl of ~&mose+U-L14C At various tune intervals during the tirst 30 min of mcubatron, 
five to aaht root tins were removed and dropped mto boihng 50% ethanol.s After 5 mm, the extraction 
mixture was cooled-and the roots reextracted-for 5 mm in 50% ethanol, then for 5 mln in 75% ethanol. The 
three extracts for each sample were pooled and evaporated to dryness under vacuum. The samples were then 
made up to volume and analymd for carbohydrate.16 Abquots were chromatographed. 

Paper chrotnutogruphy. Ethanolic extracts con- i*c metabobtes were purrfred by two tienstonal 
chromatography on Whatman No. 1 paper (46 x 57 cm) It was developed in the first direction for 17 hr” 
with EtOAc-pyrrdinswater (19 4:3, v/v), then wtth n-BuOH-proptomc acid-3 6 mM EDTA (10:5:7, v/v) 
in the second directron for 28 hr.‘* For separatron of nucleotnles a small amount of inactive ADP-glucose, 
UDP-glucose and GDP-glucose was added and the sample was chromatographed m 95% ethanol-l M 
NI&OAc pH 3 8 (5:s v/v) m the first ducctmn for 20 hr, then in 95 % ethanol-l M NI&OAc pH 7.5 (5.2, 
v/v) m the second direction for 24 hr I9 Nucleotules were located by their absorption m the u v. Neutral 
sugars from extracts and hydrolymtes were nlentr6ed by chromatography m EtOAc-pyrnime+water (lo:4 3, 
v/v) spots were revealed with AgNos.zO 

Rudiouutogruphy Kodak Blue Brand Mtical X-ray film (14 x 17 5 cm) was used to locate metabohtes 
on chromatograms.21 Frlms were developed as spec16ed by the man~acturer. 

Ra&uctrue meusurements. Compouuds revealed by X-ray radtoautography were extracted wrth water 
and then radmactivitms measured. Aq. l*c samples were counted ma Qoxane solvent or on Whatman No. 1 
oauer dtscs. For the latter. the samnle was dried on the discs at room temp and counted in a fluor of 5 g of 
2,&hphenyloxaxole/l. of tohtene. _ 

ZsolaHon of Go& fraction. A Golgi fraction was isolated from about 1 g of excised root tips that had been 
incubated m labeled glucose for 30 mm. All operattons were camed out at 04”. Root tips were washed m 
distilled water and gr&d in a loose fittmg Thomas tissue grmder for 20 set in a medmm of 0 5 M sucrose, 
0 1 M Na2HPGb-NaH2PGd (pH 76). 0 001 M CaC12, 1% dextran and 1% bovme serum albumm 12*22 
The ground tissue was 8ltered through cheese cloth and centrifuged m a Beckman preparative centrifuge at 
4000gfor30mm.Thesupematantwasn%zemnfugedat100,000gfor30minona025mlpadof18M 
sucrose layered m the bottom of the centrifuge tube. The particulate mate& at the mterface whtch contamed 
the Go1g1 apparatus, was recovered and re-centnfugrd to remove soluble doactive components. The parti- 
culate material concentrated at thts layer was d&wed 2-4 days wrth drstdled water prior to chmcal studies. 

The Golgi fractum so isolated could be split mto three parttculate bands by re-centrifugmg for 3 hr at 
34,800 g on a gradient of 0 5-l 8 M sucrose only the heaviest band concentrated at a density cormspondmg 
to 125 M sucrose contamed radioactivity; therefore, the gradtent separation generally was omitted. Golgt 
apparatus from onions has been reported to be separated at a density corresponding to 125 M sucrose 23 

I5 J. R. FLEMINo, J. A. JOHNSON and B. S. u Cereal Chem 38,170 (1961) 
I6 M. DUBOIS, K A. GILLES, J. K. HAMILTON, P. A Raasas and F. Sm, And. Chem. 28,350 (1956). 
“RLW~~TL~R and M L. WOLPROM (editors), Methodrix Carbohydrate Chemistry, Vol 1, p. 24, New York, 

Acadenuc Press (1962) 
Is W. E COHN, .Z. Am. Chem. Sot. 72,1471(1950) 
l9 J M. BROWN and P. NORDIN, A&. Food Chem. 17,341(1969) 
2o W E. TREVEZYAN, D. P Paoorxa and J. W HAmUsoN, Nutare 166,~ (1950). 
21 J. A. BASSAAM and M COLVIN, ZYae Puth of Curbon an Photosynthesis, p. 16, Prentaze+Iall, Englewood- 

Chffs, (1957). 
22 D. J MORRB and H H. Moue~wuaa, .Z Cell Bwl 23,295 (1964). 
23 D. J. Moxaa, H H. MOLLDIHAUER and J E CIuMBeRq Exprr Cell Res 38,672 (1965). 


