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ABSTRACT 

r.-Fucose-bmdmg lectms from UZex europaeus and Lutzrs tetragonolobus were 
Isolated by ai&uty chromatography on columns of L-fucose-Sepbarose 6B L-Fucose 
was coupled to Sepharose 6B after dlvmyl sulfone-actlvatlon of the gel to gee an 
afEmty adsorbent capable of binding more than 1 2 mg of U/ex Iectm/ml of gel, 
which could then be eluted with 0 lar or 0 05~ L-fucose Analysis of the isolated 
lectms by hemagglutmatlon assay, by gel filtration, and by polyacrylamlde disc- 

electrophoresls revealed the presence of lsolectms, or aggregated species, or both 
The apparent mol wt of the maJor lectm fraction from Lotus was 35 GO0 when 
determined on Sephadex G-200 or Ultrogel AcA 34 In contrast, the apparent mol wt 
of the maJor lectm fraction from Ulex was 68 000 when chromatographed on Sephadex 
G-200 and 45 000 when chromatographed on Ultroge! AcA 34 The yields of lectms 
were 4 5 mg/lOO g of Ulex seeds and 394 mg/lOO g of Lotus seeds 

INTRODUCTION 

In recent years, Iectms have come mto wide use as a means of studying the 
carbohydrate constituents of cell surfaces and of glycoprotems They are also widely 
used for the affity-chromatographc lsolatlon of glycoprotems The properties and 
uses of lectms have been revlewed’-3 

One class of icchns of parhcular interest IS that of the L-fucose-bmdmg lectms 
of UZex euro9aeu.s and Lotus tetragonolobus These lectms are generally consldered 
O-blood group-speclfic4* 5 The Ulex lectm has been Isolated by other mvestlgators 
using conventIonal and aflimty-chromatograptic methods7 * The Lotus lectms 
have been Isolated by aflkty methods employmg preclpltatlon procedures9 and 
column-chromatography procedures lo 1 ’ 

*Tbls work was supported by a grant (CA-14854) from the Natlonal Cancer Institute, by an Instl- 
hmonal N I H General Research Support Grant (RR-0X48-06), by an Instltutlonai Research 
Grant (IN-54) of the Amencan Cancer Society, and by a grant from the Elsa LJ Parde Foundation 



254 H J ALLEN, E A Z. JOHNSON 

As 1s true for many a&nty-chromatographlc methods of Isolation, the most 
serious obstacle IS the synthesis of an appropnate hgand suitable for couphng to an 

msolubIe matrix We recently reported an Improved and srmple procedure for the 
rsoIatlon of soybean Iectm and other lectms on acid-treated Sepharose 12. We describe 
herein an affinity adsorbent that can be casdy prepared, 1s quite stable, has an accept- 
able cap?clty, and can be used for the lsolatlon of the L-fucose-bmdmg lectms of 
U curopaeus and L tetragonolobus 

EXPERIMENTAL 

Materrals - Seeds from Ulex europaeus were obtamed from F W Schumacher 
Co , Sandwich, MA 02553, and seeds from Lotus tetragonolobus from Thompson 
and Morgan, Ltd , Ipswlch, England Dlvmyl sulfone was obtamed from Poly- 

sciences, Inc , Warrmgton, PA 18976, Sepharose 6B and Sephadex G-ZOO from 
Pharmacla Fine Chemicals, inc , Plscataway, NJ 08854, and Ultrogel AcA 34 from 
LKB Instruments, Inc , RockvJle, MD 20852 

Extrartzon - UZex seeds were ground m a grist mill and extracted, m the cold, 
overnight, with a buffer solution of PBS (0 15M NaCl-15mM Na,PO,-O 05% NaN,, 
pH 7 0) at a ratio of 1 kg of seeds/8 hters of PBS The suspenston was filtered, and the 
residue was re-extrL=ted with d liters of PBS The suspension was filtered, and the 
filtrate was comblfed with the first extract The hquld extract was centrrfuged at 

27 OOOg for 60 mm, and the supernatant solution fractionated urlth ammonium 
sulfate to separate the L-fucosc-bmdm g lectm from the N,N’-dlacetylchltoblose- 
bmdmg lectln6 The preclpltates were dialyzed agamst de-lomzed water and lyophl- 
hzed The Iyophlhzed crude Iectm was stored m the dry state at -20” until used 

Lotus seeds were ground m a mortal and were then extracted, m the cold, 
overnight, with PBS at a ratio of 1 g of seeds per 10 ml of PBS After centrlfugatlon 

of the extract as Just described, the residue was re-extracted and centrifuged The 

supernatant solutions were combmed to give a VISCOUS solution that was used directly 
for afZmty chromatography 

Hemagglutmatron assays - These assays were camed out m mlcrotlter “U” 
plates with rabbit and with human type A, B, and 0 (H) erythrocytes Blood was 
collected m tubes contammg ethylenedlamme tetraacetate, and the red blood-cells 
were washed and suspended m PBS to @ve a concentration of 2% One drop of red 
blood-cells suspension, one drop of PBS or inhibitor, and one drop of lectm were 
added to the wells, and the mixture was mcubated at room temperature for 15 mm 
to 24 h Hemagglutmatlon was read as posltlve or negative When quantitative titers 

were determined by two-fold serial dllutlon, 50 ~1 of each reagent were added to the 
wells and hemagglutmatlon was scored from - to +3 

Electrophoresrs - Analytical disc-electrophoresls was performed mth 7 5% 
poIy(acrylamlde) gels (5 x 75 mm) The lectm (up to 100 pg) m 10% sucrose-2 5mM 
TIX+-19mM glycme @H 8 3, 50 id) was deposited on the gels which contained 
18 9rn~ Tns @H 8 9) An electrical current at 3 mA/gel was applied at 10” for - 1 h 
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until the trackmg dye reached the end of the gel The buffer m the reservoir was 
5mM Tns-38mM glycme (pH 8 3) The gels were stained with Coomassle Blue for 
protein and with the perlodlc acldSchlff reagent for carbohydrate 

Electrophoresls at pH 4 5 and m the presence of dodecyl sodium sulfate at 
pH 7.0 was camed out as previously described 1 2 1 3 

_.4$7nzty chromatography - L-Fucose was coupled to Sepharose 6B, accordmg 
to the method of Fornstedt and PorBth14 for coupling D-mannose to Sepharose 6B, 
as follows Sepharose 6B (20 ml) was washed with de-lomzed water, and then with 
0 5~ Na2C03 (pH 11) The gel was dramed under mild suction and was suspended m 
0 5~ Na,CO, (20 ml, pH 11) at room temperature Dlvmyl sulfone (2 ml) was added, 
and the gel was stirred for 70 mm at room temperature The gel was then washed with 
de-lomzed water, drained under mild suction, and suspended m 20% L-fucose m 
0 5~ Na2C03 (PH 10) (20 ml) The gel was stirred m the cold for 24-72 h, washed 
with de-lomzed water at room temperature, and suspended in 20 ml of 0 5~ Na2C03 
(pH 8 5) contammg 0 4 ml of 2-mercaptoethanol The gel was stlrred for 3 h at room 
temperature, washed with de-lomzed water, equlhbrated with PBS, and stored m the 
cold until used 

Columns contammg 8-32 ml of affinity gel equilibrated at 6” with PBS were 
used for afikuty chromatography with flow rates of 2-9 ml/h After being loaded with 
the sample, the columns were washed with 4-10 bed-volumes of PBS, and then 
eluted with 0 1~ or 0 05~ L-fucose m PBS (both concentrations of L-fucose were 
effective) All fractions were assayed for hemagglutmatmg actlvlty with type 0 (H) 
red blood-cells The nonadsorbed fractions and the L-fucose-eluted fractions were 
pooled separately, dialyzed against PBS to remove r_.-fucose, and concentrated to the 
lmtlal load volume of the affimty column by vacuum dlalysls The hemagglutmatmg 
actlvlty was quantltatlvely determined by the two-fold serial dllutlon techmque 
OccasIonally, isolated lectm fractions were concentrated m the presence of L-fucose 
to determme the effect of L-fucose on the gel filtration and electrophoresls results, no 
effect was observed 

Standards for cahbratlon of gel-filtratlon columns were lyzozyme (mol wt 
14 MO), chymottypsmogen (mol wt 25 OOO), ovalbumm (mol. wt 44 OOO), bovine 
serum albumin (mol wt 68 000), and Blue Dextran 2 000 

RESULTS 

Isolatzon of Ulex europaeus Zectzrz. - The seed-extract fraction that precipitated 
at O-40% saturation of (NH&SO, was essentially devoid of the N,N’-dlacetyl- 
cbtoblose-bmdmg lectm6, and that fraction was used for the affinity chromatographlc 
:solatlon of the L-fucose-bmdmg lectm The lyophhzed, crude lectm was suspended m 
PBS at 20-40 mg/ml The suspension was centrifuged at 27 OOOg for 30 mm The 
hemagglutmatmg actlvlty and the absorbance at 280 nm were determmed on an 
ahquot of the supematant solution, and the remainder was used for affinrty chro- 
matography The results for one expenment are shown m Fig 1, with details ,slven m 
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the legend The complete hemaggIutmatmg actlvlty was consistently recovered m the 
L-fucose-eluted protem This eluted fraction was analyzed by gel filtration on Sephadex 
G-200 and Ultrogel AcA 34, and by analytlcal dlsc-electrophoreas 
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Fig 1 Mmty chromatography of Ulex hemagglutmm I on L-fucosc-Sepharose 6B The crude 
lectm (2 4 g) m PBS (106 ml) was apphed to a column (1 6 X 16 cm) at 6” The column was washed 
with PBS and, at the pomt mdlcated. elutlon was started Hrlth PBS-O 1~ r-fucose The flow rate was 
73 ml/h 

Gel filtration on Sephadex G-200 and on Uitrogel AcA 34 gave slmllar elutlon 
profiles (see Figs 2 and 3, respectively), except for a shift m the apparent molecular 
weights of the retarded lectm fractions The amount of matenal m Peak 1 and Peak 2 
vaned somewhat from lot to lot of L-fucose-eluted protein The apparent mol wt of 
Peak 3 of the Sephadex G-200 column was 68 000, whereas that of Peak 3 of the 
Ultrogel AcA 34 column was 45 000 

The pooled protela peaks from the Ultrogel AcA 34 chromatography were 
assayed for hemagglutmatmg actlvlty The mlmmum concentrations Bvmg a posltlve 
hemagglutination (+ 1) with type 0 (H) red blood-cells was 10 1 pg/ml for Peak 1, 
1 1 ,ug/ml for Peak 2, and 2 1 pg/ml for Peak 3, compared to 2 8 pg/ml for the 
mater& before fractlonatlon on the Ultrogel AcA 34 column 

The L-fucose-eluted protem and the gel-filtration Peaks I, 2, and 3 were 
analyzed by electrophoresls m poly(acrylamlde) gels The L-fucose-eluted protem 
(see Fig 4) showed one, somewhat diffuse, band at pH 4 5, whereas m Tns buffer, 
at least 3 bands were observed with some protem not entermg the gel Electrophoresls 
m the presence of dodecyl sodmm sulfate revealed the presence of two closely mlgratmg 
polypeptlde subumts wbch rmgrated between chymotrypsmogen and ovalbumm 
These subumts gave a positive reachor for carbohydrate with the peno&c acid- 
Sch~ff reagent When subJected to electrophoresls m the presence of dodecyl sodmm 
sulfate, gel-filtration Peaks 1,2, and 3, gave results xdentlcal to those for the L-fucose- 
eluted protem from the aiXmty column However, the matenal of Peak 1 apparently 
&d not dlssoclate well, even m the presence of dodecyl sodmm sulfate, smce poly- 
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Fig 2 Sephadex G-200 chromatography of Isolated UIex hemagglutmm I The punfied lectm 
(~14 mg) m PBS (5 1 ml) was apphed to a column (2 6 x 93 1 cm) at 18” The column was equdlbrated 
and eluted mth PBS The flow rate was 19 7 ml/h The elutlon of the protem was scanned with a 
GIlson UV momtor at 280 nm wtth a full-scale sensltlvlty of 0 5 absorbance utut The elution posl- 
tions of Blue Dextran 2000 (BD), bovme serum aIbumm (BSA), and ovalbumm (OVAL) are mdlcated 
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Fig 3 Ultrogel AcA 34 chromatography of isolated Ufex hemagglutmm I Purified Iectm (~25 mg) 
m PBS (4 5 ml) was apphed to a column (2 6 x 95 8 cm) at 18” The column was eqti brated and 
eluted wttb PBS and momtored, as described for Fig 2, wtth a full-scale sensltlvtty of 1 0 absorbance 
umt Flow rate was 17 6 ml/h The elution posrtlons of Blue Dextran 2000 (BD), bovme serum 
albumm (BSA), and ovalbumm (OVAL,) are mdlcated 

peptlde bands stammg very weakly were observed, tr,dtcatmg that most of the matenal 

did not enter the poly(acrylamtde) gel 

The average yield of L-fucose-eluted lectm from the affimty column was 

-4 5 mg/lOO g of seeds It has been possible jo obtam over 32 mg of lectm from a 

smgle afiinity-column contamlng 29 ml of gel 

isolatzon of Lotus tetragonolobus Zectzn - In the aflimty chromatography 
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Methods The gels .vere stamed wtth Coomasste BIue for protem lectm exammed by electrophoresls 
at pH 4 5 (A), by etectrophorests m Tns buffer (B), chymotrypsmogen exammed by electrophoresrs 
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Fig 5 AfIinity chromstography of Lorus extract on L-fucose-Sepharose 6B Whole extract (49 ml) 
in PBS was applied to a column (I 6 X 16 cm) at 6” The column was washed with PBS and, at the 
pomt mdrcated, elutron was started wrth PBS-O 1~ r_-fucose Flow rate was 6 4 ml/h 

of L0r1r.s extract on L-fucose_Sepharose 6B (see Ftg 5), the total hemagglutmatmg 
acttvlty was usually recovered m the L-fucoseeluted protem Occasionally, a 
trace of hemagghttmatmg acttvtty (less than 7% of the actlvtty of the apphed matenal) 
was observed m the nonadsorbed fractrona that wer washed off the column wrth 
PBS Chromatography of the L-fucose-eluted protem on Sephadex G-200 (see Frg 9 
and on Uftrogel AcA 34 gave rdentlcal results Four protein components were 
observed The apparent mo1 wt of the maJor component (Peak 3) was 35 000. The 
pooled protem peaks from the Sephadex G-200 chromatography were assayed for 
hemagglutmatmg acttvrty The mmrmum concentrations gtvmg posttsve (+ 1) hemag- 
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glutmation with type 0 (H) red blood-cells was 500 pg/ml for Peak 1, 15 6 pg/ml 
for Peak 2 and 6 9 ,ug/ml for Peak 3, compared to 4 1 pg/ml for the material before 
fractionation The matenal present m Peak 4 was not active at a concentration of 
500 pg/ml An extmctlon coefficient9 of E, cm ‘% 17 5 at 280 nm was used to determine 
the lectm concentrations m the matenals of Peaks 1,2, and 3 
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Fag 6 Sephadex G-200 chromatography of Isolated Lorr~s tectm Purified lectm (7 1 mg) In PBS 
0 0 nrl) was apphed to the same column as described m Fig 2, eluted and scanned, as described 
for Fig 2, with a full-scale sensltlvity of 0 2 absorbance umt Flow rate was 19 8 ml/h The elutlon 
positions of Blue Dextran 2000 (BD), ovalbumm (OVAL), and chymotr/psmogen (CHYMO) are 
mdlcated 

The L-fucose-eluted protein and the gel-filtration peaks from the Sephadex 
G-200 column were analyzed by electrophoresls m poly(acrylamlde) gets (see Fogs 7,8, 
and 9) * 6 Matenal from Peak 1, after dlalysls and lyophlhzatlon, was quite msoluble 
even m the presence of dodecyl sulfate The matenal from Peak 4 was acid-soluble 
and could not be 6xed m the electrophoresls gels This material 1s probably a 
proteolytls fragment, since it was absent from a lectm fraction prepared lmmedlately 
from a smgle seed-extractlon, whereas it was present in lectm fractions prepared by 
the more lengthy, double-extraction procedure 

The results of electrophoresls of materials from Peaks 2 and 3 showed the 
presence of apparent lsolectms comprised of different subunrts Band C (Fig 7) 
shows #at the material from Peak 2 1s composed of polypeptlde subunits having a 
hgher mol wt than that of the polypeptlde subunits found m the matenal from 
Peak 3 All polypeptlde subunits of the L-fucose-eluted protein were observed (see 
Fig 7, A), and they migrated betueen chymotrypsmogen and ovalbumm Electro- 
phoresls, at pH 4 5 (Fig 8), mdlcated the presence of Isolectms, or aggregated species, 
or both At least three protem bands were observed for both the L-fucose-eluted 
protein and for the matenal of Peak 3, whereas one protein band was observed for 
the matenal of Peak 2 On electrophoresls m Tns buffer (see Fig 9), the material 
from Peak 2 showed the presence of two diffuse protem-bands (Fig 9, A) The 
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material from Peak 3, which had been previously dialyzed and lyophlhzed, showed 
the presence of four protem bands, the fastest-moving component bemg very diffuse 
(Fig 9, B), when the material was concentrated by vacuum dlalysls without lyo- 
phlhzatlon (Fig 9, C), essentially the same results shown for the lyoptized sample 
were observed 

Fig 7 PoIy(acrylamlde) gel electrophoresls of Lotus lectm m dodecyl sodmm sulfate was performed as 
described m Methods The gels we.e stamed with Coomassle Blue for protem A, L-fucose-eluted 
protem, B, Peak 2 matenl from Sephadex G-200 cohmm, aEd C, Peak 3 matenal from Sephadev 
G-200 column 

FIN 8 Poly(acryIam*de) gel electrophoresls of Lorus lectm at pH 4 5 was performed as described m 
Methods The gels Eere stoned wth Coomassle Blue for protem A, r-fucose-eluted protem, 
B _?eak -I matenal from Sephadex G-200 column, and C, Peak 3 mater& from Sephadex G-200 
column 

Ag 9 PoIy(acrylamlde) gel electrophoresxs of Lorzrs lectm m Tns buffer was performed as described 
m Methods The gels were stalned wth Coomassle Blue for protem A, Peak 2 material from Sephadex 
G-200 cohunn, B, Peak 3 lyophlllzed matenal from Sephsden G-200 column, C, Peak 3 concentrated 
material, not lyophlhzed, from Sephadex G-ZOO cohuno 
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The average yield of L-fucc-e-eluted L0lu.s lectm from the affinity column was 
-4 mg/g of seeds Over 80 mg cf L-fucose-eluted lectm has been obtained from a 
single experiment with an affinity column having a gel bed of 25 ml 

DISCUSSION 

A Farlety of methods have been reported for the lsolatlon of lectms by affinity 
chromatography3 In many cases, multi-step procedures are required for the synthesis 
of appropriate lrgands that can be coupled to insoluble matrices In order to circumvent 
the mconvemence of organic syntheses required for the preparation of many different, 
carbohydrate-contammg hgands suitable for couphng to msoluble matrices,, we have 
previously developed’ ’ sample procedures for the lsolatlon of several D-galactose- and 
Z-acetamldo-2-deoxy-D-galactose-bmdmg lectms by affinity chromatography on 

acid-treated Sepharose 6B We report herem the development of an affinity adsorbent 
that utlhzes divmyl sulfone to crosshnk L-fucose to Sepharose 6B for the IsolaLon of 
L-fucose-binding lectms by affinity chromatography Dlvmyl sulfone reacts with 
hydroxyl, ammo, and thlol groups ’ 5, it has been used previously to stabilize agarose- 
gel beads’ 5 ’ 6, to couple” hormones to Sepharose 6B, and to coupleL4 D-mannose to 

Sepharose 6B The D-mannose-Sepharose 6B gel was used for the affimty chromato- 
graphic lsolatlon of a D-mannose-bmdmg lectmL4 

The L-fucose-bmdmg lectm from Ulex (hemagglutmm Q6 was previously 
Isolated by conventional6 and by affinity-chromatography procedures’ 8P18 After 
using Ion-exchange chromatography and gel-filtration techniques, Matsumoto and 
Osawa6 reported the isolation of hemagglutmm I with a yield of 20 mg/lOO g of 
seeds Analysis by analytical ultracentrlfugatlon gave a mol wt of 170 000 for the 
punfied !ectm which had a munmum hemagglutmatmg concentration of 15 pg/ml 
when tested against 0 erythrocytes These mvestlgators’g also found that L-fucose 
crosshnked to starch vza eplchlorohydrm did not give a satlsfacrory affinity adsorbent 
for hemagglutmm I 

Reltherman et al I8 reported the lsolatlon of hemagglutmm I by affinity 
chromatography on formaldehyde-treated erythrocytes They reported the presence, 
m the lectm, of two different polypeptlr e subumts having a mol wt of 43 000 and 
45 000, respectively This procedure did not lend itself to the large-scale preparation 
of lectm, however 

HofeJSi and Kocourek’ reported the successful Isolation of U(ex- hemagglu- 
tmm I by affinity chromatography Their adsorbent 1s somewhat laborious to prepare 

and requires the synthesis of ally1 cr+fucopyranoslde and Its subsequent copolymen- 
zatlon with acrylamlde and N,N’-methylenebls(acrylamlde) A yield of lectm of 
2 9 mg/lOO g of seeds and a mmlmum hemagglutmatmg concentration of 1 2 pg/ml 
against 0 erythrocytes was reported Two different mol wt were observed 65 000 
by thm-layer gel filtration on Sephadex G-200 and 46 000 by analytlcal ultracentn- 
fugatlon After poly(acrylamlde) gel electrophoresls m the presence of dodecyl 
sodium sulfate, a single polypeptlde of mol wt 40 ON was detected 
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Recently, Frost et al8 reported the isolation of Ulex hemagglutmm I by 

affimty chromatography Their procedure requires the rather complex synthesis 
of 6-ammoheuyl a-L-fticopyranoslde, and Its subsequent couphng to CNBr-activated 
Sepharose 4B Application of unfractlonated seed extract to the affinity column 
gave d yield of 8 7-13 0 mg of hema ggiutmm i/100 g of seeds The punfied lectm had 
a mmlmum hemagglutmatlng concentration of about 1 ps/rnl agamst 0 erythrocytes, 
and two poiypeptlde subumts of mol wt 31 000 and 32 000 were observed 

The method for the lsolatlon of Ufex hemagglutmm I described herem has 
obvious advantages over the comentlonal procedure6 and does not require complex 
orgamc syntheses The Iectm has been prepared from the equivalent of 800 g of seeds 
m one afhmty-column run with no evidence of overloadmg of the column (bed- 
volume of 29 ml) A smgle column has been used repeatedly, with an occasional 
washmg with 0 1 M acetlc acid, with no loss of eficlency over a seven-month period 

In order to simphfy the hemagglutmatlon assays, hemagglutmm 11 (N,N’- 
dlacetylchltoblose-bmdmg) was separated from hemagglutmm I by ammomum 
sulfate fractlonatlon6 However, -50% of the total hemagglutmm I actlvlty was 
found m the fraction contammg hemagglutmnn II Hence, the yield of 4 5 mg of 
hemagglutmrn I/l00 g of seeds reported herem could be doubled by the use of an 
unfractlonated seed extract This yield compares favorably with that reported by 
Frost et al * From the present results and those presented by others6-* Is, it appears 
that U~ex hemagglutmm I may form aggregates at neutral and basic pHs, as well as 

exhlblt an anomalous behavior The hemagglutmatmg activity agamst 0 erythrocytes, 
of the lectln described here compares favorably with that previously reported by 
others’ ’ The lower activity reported by Matsumoto and Osawa6 IS comparable to 
that reported herem for the aggregated species detected bq gel filtration The anoma- 

lous beha\ror of the isolated Ulex lectm was demonstrated by gel filtration on 
Sephadex G-200 and Ultrogel AcA 34 The apparent mol wt of the major lectm 
fraction was determined by G-200 chromatography as 68 000, which IS m close 
agreement with 65 000 reported by HOk$i and Kocourek7. determilled by thm- 
layer, gel filtration on Sephadex G-200 Gel filtration on Ultrogel AcA 34 (an agarose- 
poly(acryIamlde) copolymer) save a mol wt value of 45 000, which 1s m close 
agreement with the value of 46 000 determined by analytical ultra-centnfugation7 
Poly(acrylamlde) gel electrophoresls m Tns buffer demonstrated the presence of 
lectm aggregates, this was also suggested by the gel filtration results Aggregation 
may be a function of pH, however, smce electrophoresxs at pH 4 5 showed the presence 
of a single, somewhat d:ffuse, polypeptlde component Electrophoresls of the Isolated 
Ulex hemagglutmm I m the presence of dodecyl sodium sulfate, at a high gel-load, 
revLaled the presence of a polypeptlde band migrating between ovalbumm (mol wt 
-i4 000) and chymotrypsmogen (mol wt 25 000) but being closer to chymotrypsmogen 
At I(jwer gel-loads, however, the presence of two closely mlgratmg poiypeptlde 
subunits was observed, m agreement urlth Frost et aZ8 These subumts were also 
observed by stain mg the gels with the penodlc acld-%iulY reagent, wbch mdlcates the 
presence of carbohydrate, m agreement with others6 ’ 
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We hate consistently observed, III our UIex lectm fraction, the presence of an 

aromatic compound which IS slowly eluted from the affimty column This contaml- 
nant IS not removed by simple dlalysls, but it can be removed from the lectm by 
vacuum dmlysls or by gel filtration Although this contammant has no effect on the 
hemagglutmatmg activity of UZex hemagglutmm I, Its u v absorption at 280 nm 
does introduce an error mto the determmation and use of extmctlon coefficients 

The isolation of Lotus tetragonolobus lectm was first reported by Yarw et al ‘, 

who preclpltated the lectm mth a tnfunctlonal L-fucosyl dye These mvestlgators 
reported a yield of 45 mg of lectm/lOO g of seeds Their preparation had a mol wt 
of 107 000 (by sedlmentatlon eqmhbnum) and a mmlmum hemagglutmatmg activity 
of 38 pg/ml agamst 0 erythrocytes Kalb2’ reported the presence of 3 lsolectms m 
the protein isolated by the method of Yanv et al g These lsolectms were separated 
by DEAE-cellulose ion-exchange chromatography and they had molecular weights 
of 120 Coo, 117 000, and 58 000, respectively (by sedlmentatlon equlhbrmm) The 
three lsolectms were also found to be glycoprotems2’ Blumberg et al lo isolated a 
Lotus lectm fraction by affinity chromatography on a column of &(6-ammohexanoyl)- 
/I-L-fucopyranosylamme coupled to CNBr-activated Sepharose 4B One of the 
lsolectms adsorbed weakly at room temperature and was washed off with buffer The 
three lsolectms were also separated by DEAE-cellulose ion-exchange chromatograpny 
A yield of lectm of 100 mg/lOO g of seeds” was reported Perelra and Kabat’ I 

prepared an aRimty adsorbent by msolublhzmg hog A + H blood-group substance 
through copolymerlzatlon with the IV-carboxyanhydnde of L-leucme A yield of 
-4 mg of lectm per gram of seeds was reported The same mvestlgators’ 1 separated 
three lsolectms by lsoelectnc focusing, however, one of the lsolectms had very low 
hemagglutmatmg-ativity (450 pg/ml were required to agglutinate 0 erythrocytes) 
The lectm fraction obtained by affinity chromatography was found to have a mmlmum 
hemagglutmatmg acW&y of 33-50 pg/ml against 0 erythrocytes The lsolectms were 
reported to have snmlar speclficltles but different affimtles for various hgands 

The method of Lotus lectm isolation reported herem IS more convement than 
the procedures of Yanv et al g and Blumberg et al lo, m that the synthesis of a hgand IS 
not required, and compares favorably with that reported by Perelra and Kabat ’ ‘, 
givmg slmtlar yields of lectm On poly(acrylamlde) gel electrophoresls ai acldlc and 
alkaline pH (see Figs 8 and 9, respectively), the presence of lsolectms or aggregated 
species was observed, m agreement with the electrophoresls results of Perelra and 
Kabat * ’ Gel filtration of the isolated lectm at pH 7 0 on Sephadex G-200 and 
Ultrogel AcA 34gave identical results, showing the presence of lsolectms or aggregated 
species Electrophoresls m the presence of dodecyl sodium sulfate revealed the 
presence, m the matenal isolated from Sephadex G-200 Peak 2, of two different 
polypeptlde subumts that migrated somewhat slower than the single polypepttde 
observed m the material isolated from Sephadex G-200 Peak 3 All polypeptldes 
nugrated between chymotrypsmogen and ovalbumm, vnthm the mol wt range 
reported by others for the po’ypeptlde subunits -lo 1 1 *O The presence of carbohydrate 
in the polypeptldes was indicated by stammg with the periodic acid-Schlff procedure, 
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m agreement mth the results of Kalb”, Matsumoto and 0sawa6, and Perelta and 
Kabat’ I, who showed the presence of ammo and neutral sugars m the lectm 

The matenal Isolated from Sephadex G-200 Peak 1 had low hemagglutmatmg 
actlvlty and was solublhzed with difficulty, even m the presence of dodecyl sodmm 
sulfate Thus may represent pamally denatured and aggregated lectm The material 
Isolated from Sephadex G-200 Peak 2 appeared to be devoid of at least two of the 
lsolectms present m the matenal Isolated from Peak 3 when exammed by electro- 
phoresls at pH 4 5 In Tns buffer, the same exammatlon showed the presence of at 
least three polypeptldes present m Peak 3 material but absent from Peak 2 material 

The apparent mol wts of the Lotus lectm fractions obtained by gel filtration 
on Sephadex G-20 were not m agreement with values obtained by others with 
analytIca ultracentnfugatlon methods In the case that the lectm fractions were 
bemg somewhat adsorbed by the glucosyl residues present in the Sephadex resm, 
the Isolated lectm fractions were,analyzed by gel filtration on Ultrogel AcA 34 which 
contams galactosyl residues Sephadex and Ultrogel gave ldentlcal results for the 
Lotus lectm The discrepancy m apparent mol wt values for the native Iectm frac- 
tlons cannot yet be explained The presence of 0 1~ L-fucose m the solutions subJected 
to gel filtration did not change the protem elutlon profiles It should be emphasized, 
however, that we, as well as many others, have observed that vanous degrees of 
ploteolytlc degradation may occur dunng the Isolation of many lectms The extent 
to which such aegradatlon may Influence lectm aggregation, the presence of apparent 
IsoIectms, mol wt determrnatlons, and the presence of detectable polypeptlde 
subumts cannot be readily assessed For example, Peak 2 of the Lotus lectm was not 
deticted on gel filtration of some samples of *he Isolated lectm 

Whde this work was m progress, Vretblad” reported the lsolatlon of lectrns 
from wheat germ and soybean by aRimty chromatography usmg an adsorbent 
slmrlar to that reported herem However, Vretbladz2 used commercially avallable 
epoxy-activated Sepharose 6B to which 2-acetamrdo-2-deoxy-u-glucose and 2- 
acetamldo-2-deoxy-D-galactose were coupled 
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