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THE FULLY AUTOMATIC ION-EXCHANGE AND 
GEL-PERMEATION CHROhl4TOGRAPHY OF 
NEIJTRAL klONOSACCHARIDES AlvD OLIGOSACCK4RLDES WITH 
A JEOLCO .JLC&AH ANALkSER 

ABSTRACT 

Experlenceb w~rh a Jeolco JLC-64H carbohydrate aoalyser used to pro\rde a 
fully automated analyw serwce for neutral mono- and ollgo-sncchar,des hn\e been 
summansed Modlhcalloo\ hn\e been maae to the equipment to eNtend IIS appl~ca- 
tlon, and a method for routine srparatrons of ollposacchandes (d p Z-15) ha> been 
estnbhshed The degree of separation acb~e~ed IS far supenor to that which ma) be 
obtatned by gel-filtration techniques under grawty- or perr%iltlc-pump-aided Ro\> 
The versatlllt> and ad;lptablllt} of equipment for use wth assays other than the 

standard orclnol-sulphunc acld reaction sho\\s that It IS not too loconvenIent to 
Interchange bctbfeen varlour asba\s and \epsratlons 

‘NTRODUCTION 

Analytxal separations of monosaccharides and ohgoaac;handes ha\e been 
nchleved by a number of methods lncludlng paper chromatography, t 1 c, charcoal 
columns, !on-exchange resin columns, and p I c on a varrery of liquid phases on solid 
supports The most verssule methods habe pro\ed to be Ion-exchange chromsto- 
graphy and g I c their \nnouh forms are reblewed annually’ For the analyst\ OF 

salutlons of monosacchnndes and smaller ohgosacchandes, lrquld phase Ion- 
exchange chromarographv 13 more con\ement, a% aerivatisatlon or removal of 
k\ater 15 not neces*ary Moreover. good scparatlons may be achle\ed convemently 
by uslog ihe borate complexes of the carbohydrates’ Accordlnglv, for the handlmg 
of large nbmhers of samples nutomatlcally, such 8 sqbtem was adopted for carbahy- 
dr&e analqw at the inception ot the UnJ\eralty of Blrmln_gham hlacromolecular 
Analysis Senwe We now descnbe our results \\lIth, and adsptatlons of, the Jeolco 
JLC-6AH wrbohqdrate analyser 
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Fig 2 Chromatography or neutral carboh)dratLs on Jeol LC-R-3 ion-exchange rcsm (borate form) 

at least 2-3 weeks Thrs reagent IS mlxed (24 ml/h) lath the sample tahen from the 
*olumn eluate (samplrng rate, 12 ml/h) ID the assa) mamfold The mixed reagent 

t nd sample was passed through the heating co11 mamtamed at 95” (rcsldence trme, 
15 mm) 

The Ion-exchsnge columns iiere used as a parr running out of phase, so that 
analysis on one column was being carrred out bhllst the second column was belug 
regenerated Tlus ga\e a tuw-round time of 6 5 h per aoalysrs 

Components were Identified by their elut,on po>lUons compared ~cltb those 
for standards run under the same condlrlons, and were quantltated from pezk areas 

Gel-pcrm2allotl chromaiogrtipf~~ - ihe ran-ewhange resin columns described 
abole were replaced by a column (> I 5 m x 2 cm I d ) which was Jacheted The 
column \+as pached at 20’ with an aqueous slurry of BIO-Gel PZ (400 mesh) (BIO- 

Rad Laboratones), prc-swollen In water and vacuum-deaerated under water at 
20’, to glre a bed height of 1 5 m, and then fitted at the top with a standard Jeol 
adapter The column 1ia.s slowly heated r/a the Jachet to 65’, whilst bemg eluted at 
16 ml/h In ascendrn g fJshlon with deaerated water which had been Impregnated 
with toluene as a bactzrrostat (see Fig 3) Thus was aclueved by usmg one side of 2 

spare pump ldentlcal to tha: integral with the anslyser and used for pumpmg the 
Ion-exchange columns (see Dlscusslon ) Samples of carbohvdrate (I-1OOO~g of 
each component) iiere centrifuged, transferred to the storage loops, and automnt- 
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really loaded on to the column a~ before The column bias eluted in ascendmg fashion 
st 65 with dewrated \\atcr ~1t 16 ml/h to give qeparations on a basis of molecular 
we A typical elutloo profile for a btnrch hydrolysate IS shown III Fig 4 The orcmol 
reagent, reagent and column sampling rates, heatmg of the zw+ay mwture, and 
Identllicahon and quanhtatlon, were ds before The turn-round time ws 20-31 h 

per analysis 

Fig 3 Deaerabon and roluroc-lmarcgnsllon s)r&tm for Hnkr mpur IO column 



18 J F AENNXDY, J E FOX 

DISCUSSION 

In the first year of use of the Jcolco JLC-6AH carbohydrate analyser, repeated 
fadure of the O-nags of the sulphurlc acid pump occurred However, a modu%x+ 
tloo has now been Introduced by Jeol, In which the 0-nng IS dispensed wrth and the 
cylmdsr IS pnched t\~th PTFE chevrons which can be txgbtened to gwe n good fit on 
the piston and cylinder fall As wear progresses, the chevrons are tightened further 
to maintain the fit IJltlmately, rhe chevrons are replaced (hfc-time, at least one year) 
Nevertbeles>, the use of cone sulphunc acid remain3 a hazard, III vie% of the eutenslhe 
damage nllch can arise from a small leak A matrix programmer IS now available 
as a replacement for the punched-tape programming urut, and IS more convenient 
to operate 

A further problem has been the deposItJon of purple material III the heatmg 

cod nhhlch came3 the mJxed reagent and column eluate This colour continued to 
develop, e\en after e\tensl\e purrficatron of the orcrcol and use of hrgh quahty 
core sulphurlc acid, and ultimately blocked the co11 and made replacement necessaq 

Flushing of the sample storage loops wrtb 0 02 I O/o so&urn avde solution before 
filhng IS essential to avoid microbial degradation of samples awamng analysis 
4zldc at rhJs concentration has no effect on the orcmol-sulphunc acid assay Gel- 
filrratron columns, \bhlch do riot have an alkah wash, should also be flushed from 
tjrne fo ume wrth azlde 

Although usuail) used 1k1t.h the standard Z-mm flow-cells, the sensitivity of 
response of the analyber may be rrweased by USIO 2 IO-mm cells 

The absorption maylmum (I_) for the orclnol chromophore arisIng from 
most neutral sugars occurs at 120 nm, and accordingly the filter to measure absorb- 

c~rtce at 425 ntn IS acceptable The trace from the SIG-nm filter IS rarely used, It 
being Intended for ION sensrtivity-high propotion in sample Honever, it 1s useful 
for confirmanon of peak IdeQtrficatlon for fucose or rhamnose or carbohydrates 
contaInJog these structures, as tie relative absorbances of the chromophore at 
425 and 510 nm are dflerent from those of the other monosaccharides The ratios of 

AS,, A a75 A,lo are glucose I 00 0 45 0 46, fructose, I 00 0 -lS 0 45. fucobe, 
I 00 0 71 0 34, rhamnose, I 00 0 49 0 27) 

The Ion-exchange chromato_gaphic system described herein IS excellent for 
rdentrficatlon and quantitation of the common mono- and dl-saccharides (Fig 3). 
mcludmg the components of the carbohydrate rroretles of gI)coprotems The elutlon 
pattern 15 not directly dlscemlble from the structures of rhe sacchandeb, since It 

arIses irom dIKerent preferred forms of each reducing umt and from the number of 
borate 100s complexed per molecule Tnsacchandes and tu_gher ohgosacchandes 
are not readily aepsrable wxe they are almost unabsorbed by the column The 
overlap of the elutlon positrons of arabmose, fucose, and fructose 1s not a serious 
dbadbantage, wnce It IS uncommon for these sugars to occur together In a sample 
Complete separation could be achieved by alteration of the eluant programme with 

coocomltant len_mhenmg of the turn-round tune Extension of the technique to 
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neutral sugars other than those III FIN ). may requlrc moaticatlon of the buffer 
programme The turn-round ttme cannot oe reduced for a full analy>~a, but sfwrter 
runs for the separatloo of selected carbohydrates may be conducted wth modJfica- 

tlon of tne buffer programme For elamplo, mJvtures of D-fructose and D-glucose 

may be analyscd u~ng a bufTer programme in w&h only the pH 9 OS and pH 9 60 

buffers (Table I) are used for column tAutJon (regeneration and cqulllbratlon steps 

unchanged), tb~s gives a turn-round t.Jme of less !han 4 h 

With the srandard Z-mm flo\\-cell b, as little as 0 I pg of carbohydrate can be 

detecrrd It 15 recommended that one in twelve runs ~b a standard, I e one standard 

run every cycle of the samples The rcsm pach~ngs uere stable for at least I year, 

but columns gradually accumulate a brown colorntJon/deposlt at the top When this 
IS very notlceable, the separations are Impaired bv peak broadening Replacement 

1s the only satlsfacrory remedy, but only the afTected part of the bed need be changed 

The gcl-pcrmeatlon chromatocrnphy mcde uf operaLIon of the nnalqser 

proltdes an excellent separation of ollposacchande> and monosnccharlde ICI the 

ranged p l-15 (FIN 41 Such separations In our expenence, cannot be achJe\cd wth 

the same column bq gra\lty-flow or perlstaltlc-pump etutlons Deaeraled mput 

\\ater and axending elutlon are necessary to aJold ’ cmckJng” of the gel bed Nor- 

mally, the flow m the column IS malntalned earn when the column IS qot In we 

Variation of the column operatJog-temperature sho\sed that 65’ IS optlmnl, mbulstlon 

of the long CohJmn beJng necessary 

No regenerauon or equlllbratmn steps are neccbsarq In Lhe running of the gcl- 

permeation column However, to achieve separsrlon of the higher ollgosaccharldes, 

20 h are requued \%hen the analyser IS operated In the mode described above Each 

of the two double-actJon hrgh-pwsure pumps (Cl and C2) consists of two piston 

(eg Cl, and C2,) pumps worhmg 180” out of phase to c\en out the pulse eK’ect, 

for normal operation, tbe outputs from Cl, and Cl, are JOJUed to gJ\e the final 

output from Cl Since Cl, and Cl, cannot be decoupled to leate ace stationary, 

,?nd smce the mlnJmum Bo\\ rate of Cl IS 32 ml/h, one side of a spare pump was used 

to achieve the slow Rot\-rare It \\as not neceb3a.y to Introduce any addItIonal 

dnmprng device to compensate for the fact that only one side of the pump was bemg 

employed 

In order to ma\tmJse tJme-sawng, the equipment l+as m~dlfied LO allo\\ the 

we of one column m whhlch the mmlmum residence time of 8 h 13 used as a means of 

overlappmg runs Thus, the second sample IS Introduced to the column not more 

than 8 h before the completion of the tirst run, I e , the runs are 240’, rather than 360‘, 

out of phase The relevant modAatJon to the equipment requires breahmg the pipe 

conncctlon bellbeen F, and G, nnd IlnLlnz It Into the pipe between F, and G, (G2 

IS the column IocatJon being used) In thJs mode, Cl and CL stop and start together 

(thereby aVOIdJUg spurs on the chart) and act as non-retlrrn valies when not actually 

operating The sample loader automatlcally becomes more versatllc since samples 

can be loaded at WJII by selecting F, or F,, tihichever 15 not being pumped through 

to the column (samples cannot normally be introduced when column elutlon IS In 
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progres>) By sacr~ticrng marpoally on the separations ac)ueved, the convement 
Ho\\-rate of 32 ml/h IS retamed This gores a final turn-round time of 13 h per run, 
~~rh overlapping for the lrist 5 h of each run 

MoleCulGr v.se ght 

0 1 3 5 7 9 11 13 15 

DP 

In the maltosnccharlde series, plot> of molecular welsht againat elutlon posr- 
bon ga\e cuncs (Fig 5) for tihlch rhe shapes are commensurate wth the accepted 
theories of gel-filtratron techruques As reported3 elsewhere, IsomaJtose IS elutrd 
tram Blo-Gel PZ III a sllghdy dlffirent poswon to maltose For the analps~s of 
hydrolqsateb of amylobe, amylopectm, and starch, the presence of one or two (I +6)- 
Ilnhs,oes In the otherwlbe maltosacchandes does not affect the elut~on posItIon of the 
ollgosacchandes This ts advantageous for quantltatlon of starch ohgosacchandes. 
but dlbadvantageous for rdeoMic&on purposc~ 

For most scnes of obgosacchandej pure standards are not readfly nvadable 
for the higher members, but for many apphcatlons to starch hydrolvsates It IS sufficleot 
to ekprebs tbe amount of each component as a percentage of the total carbohydrate 
present For D-glucose. malrosacchandzs. and starch, the colour yield for esch D- 

glucose resrdue IS, \slthm evpenmental hmlts, Identical Usrng the standard Z-mm 

flo~~-c~ll~, as lltzle as 0 I pg of carbohydrate can be detected The stablhty of the P2 
gel has proved to be escellent Undoubtedly, the regular Hashing i\lth ande alds 
In this respect, but columns maintamed and used at 65” for a year or more have not 
shown any decrease MI performance level 

The successful adaptation of the Jeolco JLC-64H aoalvser to automated gel- 
permeation mdlcated that the machme could alho be used for the separation of 
orcmol-sclphunc acid pos1t1r2 carbohydrates by the ran-exclusion phenomena 
us ng ~onexchange resin as the column pachng’ We have found that a satisfactory 
performance m this mode can be achleked Furthermore, the sensltlwty of the orcmol 
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reagent to he\uromc nads (J,,, 518 nm. but also measurable 21 425 and 440 nm) 
sllo~~ then fracttonatton and quantttatron 

In practtce. samples for carbohydrate analy,ls u~ally Involve IIIlYtuie> of 

free saccharides from rcdwtnal procebses such as sucrose D-gluccse and D-frrlctose 

producUon, and starch hqdrolysrs, ‘iom clrntcal speclmen~ snd physlologlcal fluids, 

from macromolecule5 such as slycoproteln3 and polysaccharrdes and tram synthetic 

worh For ton-exchange chromatography, sample< should normally be dls\ol\ed In 

0 1.3~ boric acid for column loading, this IS recommended to ensure that the sample 

IS not loaded at neutral or higher pH which games rr>e to peah broademng \Vherz 

hydrolps 15 necessary to release the carbohydrate, the opumum condtttonb for a 

glycoprotetn arc 2 0~ trtfluoroacettc acid In a sealed tube at 100’ for 6 b, after which 
the acid IS removed by rotary evsporatton III lclc~o Howier, the most accurate 

resul’ - can onlv be ohtamed Lla d range of Fqdrolqsls Londltlons to take account of 
the different srab,lltles of monoacchdrldeb ard their _elvcosyl bonds For gel-PC-mea- 

tron chromatographv, It IS destrablc to adjust the pH of sample ~olutton\ to 5-8 

before losdmg 
Although the Jeolco JLC-6AH carbohydrate znalyser, ahen modlfed and 

used as described shove. can provrdc an acceptable analyttcal sem~ce, Instrument3 

designed to ut111w the reactron> of carbohydrates \\tth I-anrsyltetrazoltum chloride 

(Tetrazolrum Blue)>, or WIIJI pertodtc acid follo\ied by dstermtnatton of the Itberated 

formaldehyde/acetaldehydeb ‘, tiould avoid the use of cone sulphurrc acid Fluorr- 

metnc assays g~vc greater sensttrvtty Although fiuorrmetrrc assav~ of carbohydrates 

hale recetved ltttle attcnrlon, the chromophorc of the perrodate-formaldehyde ashy 

13 fluorescent, and an automated veraron has been de\elopcd” ’ 
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