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ABSTRACT 

The structure and conformation of lentman, an antI-tumor, branched (l-+3)- 
/?-D-glucan from Lentznzzs edudes, and Its aad-degraded, lower molecular-weight 
fractions have been investigated by 13C-n m r spectroscopy It 1s found that their 
13C-n m r spectra are conslderably changed, depending on the molecular weight 
The conformatlonal behavxor as studled by ’ 3C-n m r spectroscopy is consistent with 
that revealed by a study of the shift m the absorption maximum of Congo Red 
complexed with lentman and Its acid-degraded fractions It 1s found that the water- 
soluble fraction II (mol wt 3,640) grves rise to well-resolved ’ 3C-n m r spectra, 
the 13C-slgnals are asslgned to (1+3)-/3-D-glucan and branch points at C-6 The 
branched structure IS also confirmed by exammatlon of the ’ 3C-n m r spectra of the 
compounds m dlmethyl sulfoxlde For the gel state of the fractions of lugher molecular- 
weight, lentman (mol wt 1,OOO,OOO) and fraction IV (mol wt 16,200), however, 
13C-n m r spectra of conslderably attenuated slgnal-amphtude are observed The fact 
that the ’ 3C-slgnals of the p-~-(1 +3)-hnked mam cham and side chains are completely 
suppressed 1s explained as a result of unmoblhzatlon caused by theu taking an ordered 
conformatlon The 13C-resonances observed m the gel state, whch are assigned to 
/_?-D-(l+@hnkages, are unequivocally assigned to the side chains (of disordered 
conformation) Finally, the ordered conformation of both the /?-D-(l-+3)-linked main 
cham and side chams 1s ldenttied as the single-hehx conformatlon, which tends to 
form multiple hehxes as Junction zones for gel structure 

INTRODUCTION 

In very small dosages agamst certam allogenelc tumors, particularly Sarcoma- 
180 m mice, lentman (mol wt - l,COO,OOO) isolated from Lentznus edodes, an edible 
mushroom popular m Japan, has a promment growth-mhlbltory actlvlty whch 4eems 
to be elicited by the stlmulatlon of cell-medlated response1-5 Recently, Sasaki and 
Takasuka reported6 that lentman has a branched (l-+3)-B-D-glucan structure with 
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side-chains of both j?-D-(1+3)- and /3-D-(l-,6)-hnked D-glucose residues, this was 
shown by penodate oxldatlon, Snuth degradation, methylatlon anaIysls, and blo- 
assay6 Furthermore It was reported that onIy higher molecular-weight fractions 
(mol wt B 16,000) from Ientman partially hydrolyzed with formic acid showed antI- 
tumor act_ivlty7 This findmg IS mterestmg, because it was also determmed that those 
fractions take an ordered confonnatlon, by a study of the shift m the absorption 
maximum’ of Congo Red complexed with them’ Accordingly, :dentlficatlon of the 
ordered conformation, as weil as further confirmation of detalled structure, seemed 
Important as regards understandm, m the mode of actton of this antltumor-active 

polysaccharlde 
Although the 1 3C-n m r -spectral method has proved a valuable tool for 

determmatron of the composttlon of and sequence m polysacchar~desq-26, very few 
studies have been directed to elucldatlon of the conformation This 1s perhaps due to 
supposltlon that 1 3C chemical shifts are rather msensltlve to conformatlonal change 
in this regard, it IS mterestmg that Coison ef al ’ 4 observed sub.stantIal, downfield 

’ 3C-shlfts of the lmked carbon atoms, C-l and C-4, of cyclohexaamyloses compared 
with those of hnear (1+4)-a-ISgluans, sJggestmg the existence of conformatlon- 
dependent, 1 3C-chemlcal shifts Furthermore, we have demonstrated that downfield 
displacements of C-l and C-3 resonances with respect io those of acid-degraded 
fractions of smallel molecular weight In a reslhent gel, and In dilute alkaline solutlon, 
of a curdlan-type polysacchande 13 140, a linear (1 -+3)-B-D-glucan from Alcairgenes 

faecahs var rnyvogenes IF0 13140, are characterlstlc of the hehcal conformation 

In ad&ion, there IS a substantial loss of peak areas2’ The obse,-vatron of these 
signals was found to correlate with tha. of the shift of the absorption maxlmum of 
Congo Red complexesZ7 A slmdar phenomenon was noted for a branched (l-+3)-/3- 
D-glucan [A3 from Pleurotrrs ustreatus (Fr ) Quell m the gel state28 the 13C-slgnaI 
due to p-~-(1 -+3)-linked main-chams IS completely lost, while “C-resonance signals 
of the side-chains are clearly observed In fhzs paper, the confonnatronal behavior of 

lentman and Its acrd-degraded fractions a$ a fimctlon of moIecuIar weight IS exammed 

by ‘“C-n m r spectroscopy and compared jvlth the result of the shift m the absorp- 
tlon maximum of Congo Red The relative moblhty of both p-~-(1 *3)- and P-D- 

(I +6)-D-glucose residues is also described 

EXPERIMENTAL 

Matertafs - Lentman was provided by Dr G Chlhara 0; thrs Institute Low 
molecular-weight fractions of lentrnan were prepared wltn 80% or 90% formic acid 
by the method prevlousiy reported6 7 Glucan GE-3, a (l-+6)-&D-glucan from*’ 
Gyroyhora esculerrta MIYOSHI, was supplied by Dr Y Nlshlkawa of Kanazawa 
Umvrrslty Schlzophyllan, a branched (1+3)+Dglucan from Schrzophyhm 

commrme, having a single D-glucosyl group as a branch, was a aft of Dr S Krkumoto 
of Tzlto Company 

1 3C-N ?n r spectrocopy - I 3C-N m r spectra were recorded with a JEOL 
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PET-lOO/EC-100 spectrometer operatmg at 25 03 MHz m the pulsed, Founer- 
transform mode Free-induction decays were accumulated with a 90’ pulse (22 ps) 
and a repetition time of 0 6 s A phase-alternatmg pulse-sequence was used, m order 
to rmmmlze base-line aberrations All spectra were recorded usrng 4 K data pomts 
and a spectral urldth of 3 kHz ‘3C-Che~cal slufts were expressed m p p m down- 
field from external tetramethylslfane Spm-lattice relaxation-tunes were obtarned by 
usmg the pulse sequence of 1800-t-900, and nuclear Overhauser enhancements (nOe 
values, the maximum possible nOe being 2 988) were obtamed from the ratlo of the 
Intensity of fully decoupled spectra to the Intensity of spectra m which the proton 
noise-decoupler was gated off to remove the nOe All n m r measurements were 
conducted at 2S” 

Interactron wrth Congo Red - The complex-formatlon of lentman and its 
acid-degraded fractions (1 mg/ml) with Congo Red (38phr) was evaluated from the 
sluft m the vlslble absorption of Congo Red Induced by the presence of lentman or 
acid-degraded fractions m 0 lbf sodmm hydroxide at 20” 

RESULTS AND DISCUSSION 

A Molecular-weight Dependence of 1 3C Spectra of Lentrnan 

It has been demonstrated that the peak Intensmes, hne widths, and peab 
posltlons of the linear, (1+3)-/3-c-glucan, curdian-type polysaccharlde PS 13 140, 
vary with the molecular weight *’ Thrs trend was found to be consistent with the 
results obtained from the absorption maxlmum of Congo Red complexed with this 
polysacchande The difference m the spectral pattern was interpreted by the theory 
that only lgher molecular weight D-glucans are capable of forming helix structures 
In order to clarify the conformatlonal behavior of the branched (l-,3)-fi-D-glucan 
we compared the molecular-weight dependence of 13C-spectra of lentman and Its 
low molecular-weight fractions with that of the shift III the absorption maxlmum of 
Congo Red In Fig 1 1s shown a plot of the shift m the absorption maximum of 
Congo Red complexed w&h lentman and its low molecular-weight fractions against 
molecular weight Fig 1 clearly shows that fractions of molecular weight higher than 
20,000 (extibltmg an&tumor actlvlty) are capable of formmg a complex with Congo 
Red as a result of the ordered conformation of the poiymer chains On the othel hand, 
it IS seen that the shift m the absorption maximum of Congo Red does not occur with 
fiactlons of smaller molecular weight (~4,000) (exhlbltmg no antl-tumor activity), 
because of their takmg a drsordered conformation Fractions of molecuIar weight 
between 4,000 and 20,000 were found to Interact partially with Congo Red The 
observation of the regon where there 1s a gradual increase of the shift m the absorp- 
tlon maximum with molecular wleght IS m contrast to that of the linear D-glucan 
PS 13140, m which the disordered form 1s abruptly assumed” at dp, - 25 Accordmgly, 
the behavior shown in Fig ; 1s characterlstlc of a branched (l-+3)+?-D-glum-n Among 
the matenaks, fraction II (mol wt 3,64O), fraction IV (mol wt 16,200). and lentman 
(mol wt 1.000,OOO) were chosen as typrcal examples for 13C-n m r -spectral studies 
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Fig I Changes m tne absarptlon maximum of d solution of each of fractions I-VII (prepared from 
ien+man by hydrolysis wth formic acid) and Congo Red m 0 IM NaOH at 20” 

Fraction II IP water-soluble, and gives a wel!-resolved 13C-n m r spectrum, as 
shown m Fig 2A 7 he ’ 3C-peak posItlo ns of fraction II are found to be exactly the 
same as those of hnear (1 -+3)-/I-D-&cans, except for a peak designated as C-6’ 
(see F:g 2D) Because the extent of occurrence Of /&D-(1 *6)-lmked D-glucose resrdues 
IS very smaIl (8% from g 1 c analy&), and the peak separation between /I-~-(1+3)- 
and &~-(ll-S) hked D-ghCOSe residues IS not so large (see Tabie I), compared with 
the hne-widths, the peaks of j?-D-(146)~hnkages might be burled under the Intense 
51gnaIs of /3-D-(1-3)~linkages Natilrally, the peaks due to the p-~-(1 +3)-Imked slde- 
chams are collapsed Into the peaks that are due to the backbone In view of the peak 
assignments of branched (1-+3)-/?-D-glucans m dlmethyl sulfoxlde (as described Iater), 
the C-6’ peak IS uneqmvocally ascribed to C-6’ of the branch polni (see formula 1) 

Conversely, 1 3C-slgnals of Ientman In the gel state are extremely suppressed, 

because of apparent loss of the peak areas, as shown m Fig 2B The hghermost peak 
of low intensity, at 61 9 p p m , IS clearly ascribed to C-6 of P-D-(143)~hnked D- 

glucose resldues14 27 Th e other signals of Gus hnkage (C-l-C+), however, seem to 
be almost comp!etely suppressed Sn-mlar behavior of the peak areas, that IS, the 
difference between the peak areas of C-6 and of the others. was also noted2’ m the 
13C-n m r spectra of the reslhent gel of the hnear (I+3)-/3-D-&can (PS 13140) A 
possible, internal rotation of the hydroxymethyl groups IS clearly responsible for the 
lugher peak-amphtude of the C-6 slgnal The peak areas of C-l-C-5 are partxally 
recovered m the presence of 0 03~ sodmm hydroxide, as described later Thus, the 
broad resonance peaks (other than the peak at 62 9 p p m obsened m Fig 2B) 
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Fig 2 ‘%-N m r spectra of Ientman and fractron II, together with their components (m D1O, 
pD 7, at 100 mg/m!, except for A) [A Fraction Ii (20 mg/mI), 86,000 accumulations B Lentman 
(m the gel state), Z2,OOO accumulations C (I+A)-~~-D-GIuczIsI, GE-3 from Gyroplrora esculenra 
MXYOSHI, 6,500 accumulations D (k-3)-J-D-Ghxan, lamrnaran, 8,000 accumulations ] 
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TABLE I 

lJC-c~n~~~ sms OF fi-D-(143)-, ~-D-(~~-I~F~CED-D-GL~C~S,FRAC~ON rr, 

AND FRACXION IV M AQUEOUS SOLUTION @D 7) 

Carbon 
atom 

j-D-(143)” B-D-(Z4@ 
(Lammaran) (GE-3) 

Fraction I. 
J%D_(Z43>1 

Fractton ZY 

&D-tZM p-D-(143] 

C-l 103 7 IO42 103 8 1042 llOC 

c-2 74 5 74 2 744 744 744 
c-3 s5 5 76 8 85 3 769 
c-4 69 3 70 7 69 3 704 E9”3 
C5 768 76 1 76 8 76 1 769 
C-6 61 9 700 61 9 69 8 61 9 
C-6’d 70 8 70 9 

“Assgnment made by Colson ef al Is b_kss.Jgnment bazd on tint of geenaoblo& =Not observed 
“C-6 at the branch pomt of the /?-D-(1+3)-ghmmdlc k&age 

(Glc),, 
I 

.o- -- 

The numbers ot the carbon atoms of D C-glucopyranoSyl grcup contarnlng 

” branch at C-6 ore primed 

can be _mequlvocally asslgned to peaks of ,!?-~+l-6)-hnked D-glucose residues, m 
compar:sor\ ivlth those of the (l-+6)-j?-D-glucan GE-3 (from G~H&ZOPCI esculenfa 
MIYOSHI) The observation of D-glucose residues occurrmg III low proportron IS made 
possible only m the gel state, due to the complete loss of the maJor compcnents 
A slmllar sltuatlon had been encountered with A, (from PIeurorus ostreatusj, namely, 
that only x-1+(1+4)-hnked slde-chams are clearly seen m the gel phase, and the 
’ 3C-resonance of the b-D-(1~3)dnked main-cham IS completely lost28 By com- 
panng ths peak intensities m Fig 2B with those m spectra taken at pD 13 7 (wrth the 
nC)e suppressed), the propotion of p-~-(1 -+hnked D-glucose residues was es&ma- 
ted as 8%, m agreement w&h that from g 1 c analysis (8%) Tlus result m&c&es that 
the mtensltles of /J-D+ -+6)-hiked D-glucose residues are fully observed, and that the 
Iocatron of these lmkages should be m the side chams havmg a dlsordered confor- 
matlon The j&~-(1 +3)-glucoadlc hnkages of both the backbone and the side c hams 
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mght be talung an ordered conformatron, 
peak areas 

Interestmgly, the ’ 3C-n m r -spectral 
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as manifested by complete loss of the 

patterns of fractton IV vary with the 
concentration, IQ contrast to those of fraction II, lentman, and other (1+3)-j3-D- 
glucans *’ ** Frachon IV 1s water-soluble under the condttrons of tsoiatron, at 
80 mg/ml, however, fractton IV IS not soluble m water, but forms a soft gel similar 
to that of lentman The 13C-n m r spectrum of fractron IV at this concentratron is, 
therefore, very srmllar to that of lentman (see Fig 3A) However, the spectrum recor- 
ded at 40 mg/ml shows rather narrow lme-widths, as seen m Frg 3B As shown m 

Fmction IV (BOmg/rr& 

1 I 

110 100 90 80 70 60 50 mm 

I 8 

, 110 lop ,so , 80 70 60 PPrn 50 

Fig 3 “C-N m r spertra of fraction IV a t various concentrations [A Gel state (80 mglml) 
B VISCOUS solution (4Omg/ml) The resonances marked X ac e extraneous, due to lmpurltles or 
products of degradation, or both ] 

Table I, the lowermost sharp slgnal of fractton lV IS not assigned to C-l of B-D- 
(l-+3)-Imked, but to that of j?-D-(I-+6)-linked, D-gIucose residues Hence, C-I and 
C-3 srgnals due to B-D-(l-,3)-lmked D-glucose resrdues are still completely lost m this 
sample Furthermore the C-4 srgnal of /3-D-(l-3)-linked D-glucose residues 1s par- 
tially lost, because the peak mtensrty 1s about half that of the correspondmg C-6 of 
/&-D-(1+3)-lmked D-glucose resrdues This result IS agam consrstent wrth the 
aforementtoned findmg about lentman, nameIy, that the p-~-(1 +3)-Imked mam chain 
and side chains are m a ngrd conformatton that produces very wade Ime-widths 
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(beyond observation by the convefitlonal, hgh-resolution spectrometer), whJe the 
jI-D-(1+6)-glucosldlc hnkages are located at such positions as to gam molecular 
mob&y It IS recogmzed that cham lengths or” mtermedlate size require, as seen m 
the study with Congo Red, a high concentration m order to a&eve gel structure, as 

urlth Ziactlon IV The B-D-(1-6)~lmked D-glucose residues m side chains are !ikely 

to occur as long blocks, as no further sphttmg of peaks’ It14 due to mvolvement of 
other hnkages IS observed 

B Ohervatron of Single-hehx Cham 
In the foregomg section, we have demonstrated that all of the peaks due to ,6-D- 

(l-+3)-glucosldlc linkages (except for low-intensity C-6) are completely lost m the 

gel state However, it was shown” that 20-30% of the total gel (and 60% from C-G) 
were clearly observed m the resilient gel of a linear (1+3)-j?-D-glucan (F’S 13140) 
Presumably, tbs discrepancy might be caused by immoblhzatlon of the smgle- 
helical re,olon, wLuch IS visible by 13C-n m r spectroscopy for the latter, due to the 
side-chain partlclpatlon m mtercham connectlons m the former This view had been 
suggested2* for interpretation of the peak areas of L43 from Plewottts ostreahrs 
In Fig 4B 1s shown the 13C-n m r spectrum of lentman In the presence of 0 03M 

sodmm hydroxide (pD 12 5) From the sbft m the absorption maximum of Congo 
Red complexed with lentman, and also from the titration study of ’ 3C-n m r spectra, 
It IS seen that the ordered conformatlon 1s retained3 ’ up to a concentration of qodmm 
hydroxide of 0 20~ On comparing Fig 4B with Fig 4A (lentman gel) 2nd Fig 4C 
(gel of PS 1314O), It 1s clearly seen that there are broad signals (hne-width - 150 Hz) 

for C-l (105 3 p p m ) and C-3 (88 5 p p m ), the positions of whxh are in good 
agreement w,th those2’ of *PS 13140, these appear in addition to the considerable 
increase of the peak height of C-6 m the p-~-(1 43).glucosldlc linkages m the presence 
of dilute alkali Broad envelopes of C-5, C-2, and C-4 of /3-D-(l-,3)-hnkages are 
llkdy to be supenmposed m the re@on of C-3, C-5, C-2, C-4, and C-6 of p-~-(1 36)- 
linked D-@ucose residues ongmally observed m the gel state Moreover, In accordance 

ulth the previous observation”, the peak positIons of C-l and C-3 of lentman are 
found to be unchanged up to 0 19hi concentratton of sodium hydroxide, at whtch, 

full peak-areas are observed as a result of hehx-coll transttlon3’ Therefore, those 

stgnals are ascribed to the single-helix conf’ormatlon of (l-+3)-/I-D-glucans These 
results indicate that regons of smgle-helix chains exist m the branched (1+3)-/I-~- 

*It was reported that the ‘T chem.cal-shifts of C-l and C-3 of the resiheni gel of PS 13140 are 
106 5 and 88 7 p p m , respectively 27 With respect to these of lammaran (see Table I), downfield 
chsplacemcnts of the C-l and C-3 signals of PS 13140 gel are found to amount to 2 8 and 3 2 p p m , 
respectively Slrmlarly, downfield displacement of C-I and C-3 of len’iman (m 0 03~ NaOH) are 
1 6 and 3 0 p p m , respectively Interestingly, such substao&& downiield displacements occur at 
carbon atoms pi?rticipatmg in the D-ghxcos~d~c linkages of (1+3)-B-D-glucans Those downfield 
displacements were cxplamed by tFla presence of the fixed conformatxon having the favored dihedral 
angle, m whxh Internal rotations around the D-glucos~dxc bonds are not allowed*’ Combined wth 
the results of theoretlcai pre&ction and the downfield shift of the C-4 ugnal, which 1s conzlstent with 
the presence of an O-4 -0-S mtramolecular hydrogen-bond, those downfield &placements of the 
signals were ascrlbed to the presence of a hehcal conformationz7 
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ordered resons has been explained m terms of a broad dlstnbutton of correlation 
tlmes36 Hence, peak loss of the angle-h&x confo_rmatlon m the gel state may be 
attributable to urlder dlstnbutlon of correlation times, especlaliy the presence, at the 
loner-frequency end, of correlation times due to side-chain interactions 

C Cmfirmatzon of Brtmchc~ Structure 
As aheady mentioned, the conformatlon both of linear and of branched (l-3)- 

/?-D-@cans IS converted into the random co11 or, at least, into a cod of shorter hellcal 
chains, m dlmethyl sulfowde and m alkaline solution @D > 13 4) 13C-N m r 
spectra of lentman and fraction IV are Bven m Fig 5, together with those of A, 
and schlzophyllan Regardless of differences m the types of the side chains attached 
to the backbone of (1-3)~p-o-glucans, the 1 3C-n m r spectra shown m Fig 5 are 
v:ry similar to each other, suggesting that the peaks are ascnbabIe to the /3-D-(1+3)- 
linked mam-chams, winch are common to all of the branched (1+3)+3-D-giucans 
contammg branch points at C-6’ Side chains, &D-Q +6)-linked D-glucose (lentman), 
and D-glucose residues (schlzophyllan) are obviously buned under the peaks of 
B-D-(l-+3)-linked D-glucose restdues Based cn the assignments of the peaks of A, 
previously reported, the assignment of peaks (as marked by arrows) is stralght- 
forward, namely, to C-5’ and C-6’ of the branch points, as the chemical shifts of these 
matenals are m good agreement (see Table II) 

Furthermore, the nOe of C-6’ (1 1) 1s found to be smaller than that of C-6 
(1 5) The other nOe values are 1 5 (C-l), 1 6 (C-2), 1 4 (C-3), 1 5 (C-4), and 1 2 
{C-5) The decrease of the nOe of C-6’ compared to that of C-6 IS, therefore, explained 
m terms c,f the lessened mobhty due to glucosldlc bond-formation at C-6’ This 
observation 1s consistent with that2’ for the similar, branched (i-+3)-B-D-glucan A, 
The peak height of C-3 1s apparently lowered with respect to that of other signals 
The nOe values described,, and the spin-lattice relaxation-times are found to be 

TABLE II 
‘3ihXEMIC~ SHETS (IN P P M) OF BRANCHED (1+3)-j-D-GLUCANS IN MerSO-& 

Lwear 
&D-(1+3) 
PS 13140 

Brunched &D-(1+3) 

Lentman” Fractron IV” 

fl-D-(146) 
(GE-3) 

ASb = Schrzophyilad 

C-l 1045 1046 104 6 1045 104 5 1049 
c-2 74 3 74 3 74 2 74 3 74 3 75 0 
c-3 87 5 87 7 87 7 87 8 87 9 78 1 
C-4 69 9 702 70 2 69 9 702 71 4 
c-5 77 7 779 77 8 77 6 77 8 77 1 
C-6 62 4 62 5 62 5 62 4 62 5 700 
C-5” 75 3 75 3 75 3 75 4 
C-6 = 71 5 71 6 71 6 71 5 

“Side chain j-~-(1+3), and B-D-(l+(Y) *Side than CC-D-(&~) ‘C-1 and C-4 of or-D-(14)~gluco- 
SI~IC htiagee are at 101 9 and 80 7 p p m , respectively dSlde cham D-gIucose “Branch uoint of 
B-D-(1+3)-hpked mam-cham 
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(0) A3 (PI eurotvs ostret 
B-(1*3) cd14 1 

(c) Schzophyllan 
lschlzophyllum commun 
f3-(l-33) 8-U *6) 

ia) F-action IV (Lentlnan) 

(A) Lentinon 

I I 8 1 t I I 
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FIN 5 lJC-N m r spectra of vanots types of branched (I43)-8-D-gbans In MazSO-d6 {A mm 
XXUI[SI~~~~~UIS. j3-(1-+3).j?-(1+6)] B Frachon IVlslde chams, 8-(l-+3),8-(1+6)1 C Schlzophyllan 
(D-&COSe) f) A, [LY-(~-s~)]} 
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almost the same among the atoms C-l to C-5 (60-80 msec for Tl values) Presumably, 
a shght displacement of the Aft due to the glucosldlc bond at C-6’ IS responsible for 
the broademng of the C-3 signals that IS common to all branched D-glUaUS con- 
tammg a smxIar proportIon of branch pomts 
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