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_ Streptococcus mutans K1-R- dextranase is’ thought to. mod1fy, and possibly to .
‘regulate the ‘nature ‘of the dexhans synthesnzed by the extracellular D-glucosyl— E
-trausferase of S. mutans Because of Its possxble mvolvement in dental caries, we
_have explored the ‘action pattern ‘of thxs ‘enzyme’ on a series of’ end-labeled ohgo-'
: sacchandes. These data were used to’ generate a subs1te map2 3 of the enzyme that»
could predlct the action pattern of the enzyme with remarkable. precision.

The enzyme was punﬁed ‘as *desciibed ea.rher, from ‘cell-free filtrates of WS
mutans Kl—R that had ‘grown in" ‘batch culture’ with* the ‘pH’ mamtamed at'6.0: Two"
homologous series of ‘isomaltose" oligosaccharides, Idbeled" with - D—[U-“C]glucosef
at opposxte ends, _were used-as substrates Isomaltose’ sacchandes labeled at'the non
»reducmg terminus- were' prepared by couplmg [U—“‘C]sucrose and- unlabeled 1so-;
‘maltose saccharide’ acceptor. by ‘means’ of a: D-glucosyltra.nsferase of S. “mutans
OMZ176. “The~ specxﬁc aetmty of these substrates: was 8:fold - mgher than® those
described previously. The substrdtes labeled at the reducing end’ were prepa:ed by
 transferrinig isomaltosyl residues’ from dextran to- p:[U- 14C]glucose with Arthro-
.‘bacter globlfarmts T6 exo-dextranase. ’

The dlgests used to- determme -action -patterns- contained “labeled- substrate .
(0 2mM) sodium Titraté buffer (Smm);, and an ‘amount of enzyme-that depended ot
 the size'of the substrate, bemg 0:18i.u: ‘per-ml for: 1somaltotetraose {(IM,;) and IM;
-and 0. 09 i.a/ per ml for- IMS—IMQ. Incubatlon tlmee (at 352 at: pH 5: 5) for IMs—IMg_
'were in the range 10-60 min; whereas IM,, and’ IM5 were digested.for penods up to.
24:and 3 h, respectlvely At mtervals aliquots were: boﬂed and apphed to Whatman;
'No. 3 MM chromatography paper, a.nd the products and- unreacted- substrate were
;fseparated by n:ngatlon ‘with. mtromethane—ethanol—water (41 :36: 23) ‘as descnbedf
'.f'elsewhere" Radloautograms ‘were then: prepared by using X ay film, ‘and ‘after

exms 'n bf the spots the radloactlvxty of the sugars was measured by hqtud-scmtlllatxon

nemwwdrrmfasnextchwch&-dandmt i adcasic o bis 60th biethday.
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Fig. 1. Expetimental and calculated bond-clmvage frequencxes for S. mulans dextranase O, D-
Glucose residue; &, “reducing”’ D-glucose mndue, ., D-[“C]glucose mxdue, = @ - 6)-a-D-
glucosndlc linkage. : o ST T

activity due to each sugar (i-mer) in-a sample/total radioac’tivity ‘in -the sample,
against the extent of reaction®. The slope of each line represented® the bond—cleavage
frequency for the bond resultmg in the product of cham-length A

- The experimental bond-cleavage frequencies for IM;=IM labeled at the non-
reducing end are shown in Fig. 1. Similar values were obtained.for IM5 s IM6, and '
IM- (not. shown) labeled at the reducmg end, indicating that multxple attack, second-j :
ary attack on the products, and bimolecular reactlons did not sxgmﬁcantly mﬂuence
the product ratios. o

The expenmental bond-cleavage frequencnes (bcf ) may be utlhzed by a: com—
puter algorithm to generate a subsite map®'®. The process of subsnte mappmg is. -
basically a problem of optimization. A brief. descnptlon of the. process follows. Fora
given depolymerase model, the number .of -subsites, the posmon of- the catalytic .
amino acids, and the expenmental bef are mcorporated into the computer algonthm :
The computer then finds the subsite bmdmg—aﬂimtles that 1 memlm asum of squar&s '
of errors, Q. For this investigation we defined Q byEq I S

chf = E Wz(bd‘i.expt bc.fl calc. ) ;“"": R .

where w; is the wexghtmg factor set9 at 0 03 T

'I'he minimum values of Q, Qm,,, bofs for b"'a variety. of ‘possible epolymeraseij_'-

models are given in Table I. The depolymerase model selected as'the one. mos hkely}_-.- :ﬁ
to represent. the actual enzyme bmdmg—snte glves the sma]les sxgmﬁcant Q '




°’I‘he free energxes ef the subsxtes marked X are optumzed by the; :omputer algonthm to minimize
QOrer. ®Bond-cleavage frequenc:m do not furnish information’ about the two sites adjacent to the
" catalytic site. “Model number indicates the number of subsites: optxmxzed (top number) and’ the

pumber of the subs:te to the nght of the eatalytxc site (bottom number) .

: two depolymerase models do uot have 51gmﬁcantly dnﬁ‘erent Q,,,m bef va.lues, as -
judged by the F test, the one ‘having the smaller number of subsites is favored®:1°,
. By these criteria, the 9/7 model, havmg 9 subs1tes and the catalync site to the left of '
sub31te 7, gives. “the best fit to the. expenmental data. - . . .
. The ‘optimized. bmdmg-energles for sites I—V and. VIII and IX for the 9/7 map,

- as calculated by the computer, are shown in Fxg. 2. These bmdmg affinities are only -
~ apparent, as they may contain a contribution from microscopic rate-coefficients®:1°,.
- The small, positive, interaction energy at subsite 1 is statzstxcally sxgmﬁcant, buf it is
_too weak tobe descnbed as a barrier site. It probably reﬂects some mmor, unfavorable
J»con icts, between enzyme and substrate _]ust beyond _th' 'edge of the binding region.
- ‘When the subsite hxstogram in Flg. 2 was used t eompute the bond—cleavage -
- frequecies for the substrates of ¢ ' __the agreement ‘with.the experi-
g }mental values was: excellent (see Fxg 1). The close agreement between each computed :
“and’ expenmental value suggests that mxcroscoplc hydrolytxc coetﬁcxents a.re not,
. 'strongly influericed by positional isomerization®-*°, '
- The large size of the binding reglon of S.. mutans dextranase (9 subsxtes) seems
4_'to be typlcal of the values reported for othet endo-amylases and’ dextranases Rxchards
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Fig. 2. Apparent subsxte-bmdmg energies (cal/mol) for S. mutans dextranase. The:arrow represents
the position of the catalytic-amino acids; Product: ratlos cannot: furmsh any information. about the
subsxts adjacent to the mtalytlc a.mmo aclds. e . : . :
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