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ASarose, the gskng component ot agar, IS composed of alternatmg residues of 33. 
Imhrd PD-galsctopyrano% and 4-Ohnbcd 3,6-anhydrcwr-Lgalactopyranose’ The poly- 
\acchnrlde IS degraded by hydrolyt!c enzymes extracted from marme bacteria These en- 
zymes can be dlvlded mto two ma* groups, one cleavmg the &D( I-M)-, and the other, the 
Q-L< l-+3)-lmkage Cleavage of the j.?-D-h&age of agarobe yields ohgobaccharldes belongmg 
IO the neoagaro series. with a D-galactose residue at the reducmg end and a 3,6-anhydr*L- 
galactosyl group at the nonreducmgend [see Fig I(a)] Cleavage of the ar-L-hnkage yields 
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FIN 1 ObgosacLhandes obtdmed by enz,mx hydrolysis of aga~ox (a) neoaggaro-ohgosaccharrdes 
(A’ [GAJ,_lG’) produced by B aparase. (II) agaro-obgosacchu~des (C”[ 4Gl,_l-A’) produced by 
cr_agarase (G, D-galactose, A, 3,6 anhydr~Lgalactose, n, number of b&ox unm per ohgos=xhande 
molecule, rsducrng end malcated by a su@e prune, nonreducmg end by a double prunkl 
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agaro-ohgosacchandes havmg a 3,6-anhydro-L-galactose residue (m the open-&am, 
aldehydo form) at the reducmg end and a Dgalactosyl group at the nonreducmg end [see 
Fig l(b)]. Although P_agaIases have been reported by several workers’*, the descnptlon 
of at-agarases 1s rare4 

The ohgosacchandes produced by agarolytx erqrne achon have been analyzed bl 
thm-layer chromatography on cellulose 6 However, on the basrs oft I c alone, It IS CMXCUII 
to charactenze these products wth respect to theu reducmg and nonreducmg end-groups, 
and the chenucal methods requued are rather te&ous For Uus reason, we have mveshgated 

the posnbhty of ustng 13C-n m r spectroscopy for the analysis of agarose hydrolyzates In 
tis commusucatlon, we report prehnunary results for the substrate agarose, and for a senel 
of known, punfied neosgaro- and agaro-ohgosaccharldes4 We have also exammed crude, u 

fractionated dgests obtamed with purfied /I- and a-agarawszV4 
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Fig 2 ‘H-Decoupled “C-n m r spectra (D,O soluhon, 35”) of o&osaccha.ndes produced by enzymes 
I-ydrolyns of agarose (a) puntied neoagarotetraose. produced by 8_agarase, @) unfrachonated mature 
of agaro-olyosacchandcs produced by u-agarase 

Typical 13C-n m r spectra illustrating the effects of p and Q cleavage are shown in 
Fig 2 The p”aL assignments are based on the chenucal shlfrs of model compounds (sze 

later) and on a companron of relatlv: mtensltles m the spectra of the neoagaro homologs 
For the purposes of the present dlscuu~on, attention IS confiied to the resonances of the 

anomenc carbon atoms (see Table 1) 
The chemxal shifts of G-l and A-l of the agaros: ollgosaccharldes &ffer only 

shghtly from those of the undegraded substrate There IS a small displacement of both 
resonances (0 5 p p m or less) fcr residues at the nonreducmg end of the cham The sfufts 
of G’-la and G’-I/I III the neoagaro senes are .n good agreement wth C-l shfts of the mom 

sacchande models Q- and /3-D-galactose (93 8 and 98 0 p p m , respectively) Smularl~, 
there IS a close correspondence between the shifts of A’-1 m the agaro-ohgosacchandes and 
thz C-l skft of 3,6-3nhydrc+L-galactob* (91 4 p p m )* or, m the case of agarotetraltol, 3,6 
anhydro-kgalactltol(64 3 p p m ) It 1s clear from these results that ‘%n m r spectro- 

‘The chemical shrfts of A’ 1 and C 1 of 3.6~anhydrc+L &slactose ye characlenstlc of hydrated 
aldrhydes’*’ 
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TABLE 1 

‘% CHEMICAL SHIFTS0 OF ANOI’IERIC CARBON ATOMS [p p m (:O 04) relatrve to external hle,SI] 

G-1 G’-1 G” 1 A-f A’ I A”-1 

&arose b 10353 - 
I 

99 30 - - 
Ncoagaroblos& - 93 a@ - - 99 29 
( A”G’) 97 79’ 
Nwagaro~etraose~ 103 42 93 7i3h - 9949 - 99 29 
(A”-G-AG ) 97 79’ 
Neoagaroheraos-8 103 41 938& - 9947 - 99 29 
(A”&AG-44’) 97 79’ 
NeoagarcFolgomcr~ 103 42 93 83h - 9950 - 9931 

97 83’ 
Ayoblo5ee 103 96 - 9145 - 
(G”-A’) 
AguotemtolCpf 10369 - 103 54J 9947 64 32k - 
(Cl’-AG-A’) 
Agaro-0bgomersP 10363 - 103 63 99 4s 9142 - 

‘22 628 hlHz. ‘HdecoupleJ, “C spectra recorded on a Bruher WJ-90 FT spectrometer In D,O solution 
(?O-40 mg./ml) at 15’ (cpectral undfh. 1 5 kHz.pulse vndrh, 70” (14 MS), repetltlon tune, 1 363 s, 
20.000-65.000 tranuents 4K real data pomts) bSpectrum recorded at 99 %olated, and punlied, by 
k aphe and coworkers’ d Unfrachonated mlxtue of ohgosacchandes produced by Pseudomorrus 
uflonhca ~aguase’ ‘Prepared by mdd, acid hydrolyns’ f&racterlrcd as a tetramer by l’C-nm r 
spectroscopy (see Table II) gUnfractionated mLI(ture oiohgouLchsrldeJ produced by a Gram ncgaube, 
mlnne bacterium a-agarase’ h a Anomer $3 Anomer IAsqnments may bz reverse0 ‘Reduced C 1 of 
A 

scopy provldzs unequivocal evtdence rzgardlng the mode of acllon of agxolytlc enzymes 
Cleavage of the p-D-( 1 +)-lmhage of agarose IS mhcatcd by the appearance of pzahs at 93 8 

and 97 8 p p m , having mtensltles m the ratlo of I 2 [we Fig 2(a)] In contrast, Q-L-(I-+~) 
cleavage IS mdxated by r.he appearance of a peah at 91 4 p p m [See Fig 2(b)] The spectra 
of the crude &gests confirmed thar the actlon of tie purfied enzymes IS spec~fic's~ , there I> 

no evidence of a! cleavage by pagarase, or of fi cleavage by ol-sgarase 
Provided that the spectrum IS fully relaxed ‘“ll’ the mtegrated mten5ltles of the , 

anomerlc carbon resonances can be used to calculate n, the number of blase units per ol~g& 

saccharde molecule For crude hydrolyzates, this calculation g,ves an esrunate of the 
average chaMengrh of Ihe ollgomers As a chcch on the con&uon of complete rekxatlon 

the mtegrals were normalized fo the total intensity of C-6 of Ahe D-gdaCtOSe residues** As 
the spm-lattrce relaxation-tune (T, ) of C-l IS expected to be approuunately’OV1’ twice that 

of C-6, mcomplete rrlazxalton of the anomerlc carbon atoms should be detected by thrs 
procedure The accuracy of the calculation IS also dependent on the (reasonable) assump- 
t~on that the nuclear Owrhauser enhancement (de) IS the same for each of the mtegratcd 

*‘The chemical shifts OTC-~, G’da.G’&3, and G’l-6 all occur m the narrow range 62 4-677 p p m 
(QX FIN 2) 

tFor the relevant experuncntzd condltlons. ee footnoteo toTable I 
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TABLE U 

INTEGRATED INTENSITIES OF ANOMERIC “C RESONANCES’ 

GIlgosucchundeb c-1 c-1 A-l +A”-1 II= 

Neoagaroblose 
ii.5 I(0 50) 

0 99(1 00) 0 98(1 00) 0 99(1 00) 
Neoqaroietraosc 0 SO(O 50) 1 02( 100) ROO(2 00) 
Neoagarohexaose 0 68(0 67) 0 29(0 33) 0 98(1 00) 
Neowo-ohgomers 076 0 29 1 02(1 00) 

- 
GI+G-i A-i A’-i II= 

Agaroblose 
Agiirotetriutol 
4gW-OllgOItl~~S 

103(100) - 0 97(1 00) 1 06(1 00) 
100(100) 0.51<050) 051(050) 204 200) 
1 03(1 00) 061 040 2 45 h 

“Noimahzed to the mtennty of G-6 + G’d (neowo series) or G-6 + C’l-6 (agaro series),, estmated 
error, +O 04. theorebcd vdues m parenlheser 

per olqosacchandz molecule ‘Average value 
bee footnotes c-g of Table I CNumber of blase uruts 

resonances’“l’i The generally good agreement between the experunental and the theoretl- 

cal values (see Table II) shows that the spectra are, m fact, fully rela..edt and that the nOe 
factors are equivalent 

Tne resuIts of Uus mvestlgatlon demonstrate that 131Cn m r spectroscopy can 
provide valuable quahtahve and qua,ntHatwe lnforrnatlon about enzyme reactions We are 
currently using these methods to study the degradation products of L- and K-carrageenans 

and ether agar-type polysacchandes 
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