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Abstract-Extracts of seeds of 21 bean cultlvars were screened for hemagglutmatmg specdity and for rmtogemc 
activity Four types could be distmgmshed m different beans, two of winch are mitogens Two lectm fractions 
(a and p) were Isolated from each of the four bean types Their MW were estimated by exclusion chromatography 
and component sugars by paper chromatography Hemaggfutmatmg activity, mfubltlon of hemagglutmatmg 
actlon by sugar-derivatives and glyco-peptldes as well as mltogemc actlon were determmed for the eight purified 
lectms and four control preparations The c( and b-fractions Isolated from two bean types had only rnmimal rmto- 
gemc action, while those from the other two bean types and all of the control preparations were potent nutogens 
All the nutogemc preparations agglutmated trypsm-activated cow red blood cells and pronase-activated hamster 
red blood cells m high dilutions but some were mactlve when tested with human or rabbit red blood cells 

INTRODUCTION 

THE INTERESTING blologlcal effects of phytohemagglutmms or lectins on normal and 
pathological animal cells have stimulated research in this field in recent years.’ Conslder- 
able efforts have been made by several groups of investigators toward the purification and 
physlcal and chemical characterization of the lectms from beans (Phase&s uulgaris).2-8 
However, poorly defined seed materials and different purification procedures have been 
used. The materials thus obtained differed considerably m chemical and in biological 
properties. Our aim m the present work was to obtain a number .of reasonably purified 
bean lectins from selected seed lots in order to compare their properties. It was hoped that 
this approach would help to clarify and interpret the contradictory observations reported 
in the literature. 

When the hemagglutmatmg action of extracts of different bean cultlvars was measured 
against different rbc preparations, four specificity types, called A, B, C, and D respectively, 

* Abbrevlatlons rbc-red blood cells, PHA-phytohemagglutmm, WBH---wax bean hemagglutmm. LA- 
leucoagglutmm, PPHA--Phase&s phytohemagglutmm, Con A--Concanavahn A The terms phyto- 
hemdgglutmm and lectm are used Interchangeably 
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were detected ’ The purlficatlon of lectms from bean cultlvars belonging to these four 
spec~fclty types will be described In the present paper. as well as some of their phtslcal. 
chemical. and blologlcal characteristics 

RFSULTS 

The results of the screenmg test of 21 bean cultlvars for mltogenic actlvlty are presented 
in Table I In all cultures of lymphocytes to which extracts from A or C-type beans had 
been added. blastlc transformation was observed m .XMo”,, and mltotlc tigures m 4 5”,, 
of the cells The cultures with added extracts of B or D-type bean& nevel exhIbIted more 
than 3’1, blastlc cells and no mltogenlc figures at all. 
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On chromatography on Blogel P-100 of the fractions obtained by alcohol preclpltatlon 
of the extracts from the four bean cultlvars. hemagglutmatlon actlvlty measured LZ lth 121 o- 
nase-activated hamster rbc was confined to the first of the two elutlon peaks When the 
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material of these active peaks was submitted to chromatography on DEAE-cellulose, two 
well separated peaks emerged at about pH 7.9 (a-fraction) and 5.9 (p-fraction). Both con- 
tamed hemagglutinatmg proteins The first peak was small when the extracts form the 
type-D beans were analyzed, while no important differences were observed between the 
height of the two peaks with the extracts of the other bean types. 

All of the fractions eluted from DEAE-cellulose were subjected to chromatography on 
Sephadex G-100. In each case this resulted in further separation: a small peak emerged 
after a much larger main peak. In the present work only the materials of the mam peaks 
were investigated 

Physzcal and chemical characterlstzcs 

The MWs estimated for the mam fractions are presented in Table 2. The electrophoretic 
mobihties of all purified fractions in polyacrylamide gel slabs at pH 8.9 were very similar. 
In the microzone electrophoresis, however, the proteins of the fl-fractions travelled faster 
toward the anode than did the a-fractions both at pH 8.8 and 6.25. At present we have 
no explanation for these results. 

Fraction 

TABLE 2 SUGARS DETECTED BY PAPER CHROMATOGRAPHY IN THEIR HYDROLYZATES 

Preclpltatlon with 
concanavalm A m the 

MW x IO3 Sugar found double diffusion test 

125 Fucose, arabmose, mannose, 
glucose, galactose, glucosamme + 

121 Mannose, galactose + 
104 Fucose, mannose, glucose, 

glucosamine + 
85 Glucose, galactose + 

111 Fucose, arabmose, mannose, 
glucose, galactose, glucosamine + 

85 Mannose, glucose + 
125 Fucose, arabmose, glucose, 

galactose _ 

85 Mannose, glucose, glucosamme + 

The sugars identified by paper chromatography in the hydrolysates of the lectm frac- 
tions are listed m Table 2. The number of different sugars detected varied from two in three 
of the fl-fractions to six m two of the cc-fractions. All but one of the lectm fractions were 
precipitated by Concanavalm A m the double diffusion test (Fig. 1). This precipitation did 
not occur when the mhibitor a-methyl-D-mannoside was added to the system. 

Hemagglutmatiny activity 

The hemagglutmatmg action measured with normal rabbit rbc, trypsm-activated cow 
rbc, and pronase-activated hamster rbc are presented in Table 3. The results show that 
the specificity differed in the same way as it did m the crude extracts but was identical 
for the c( and p-fractions of any one bean cultivar. All fractions were active against pronase- 
treated hamster rbc. In all cases, the p-fractions were less active than the a-fractions. Of 
the control lectms two agglutinated rabbit rbc strongly and two did so only very weakly. 
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The mhrbrtory actron on hemagglutmatron of a number of sugar-dertvatlves and carbo- 
hydrate-contammg compounds of the lectins used m the present study are included m 
Table 4. Only the results for pronnsc-treated hamster rbc are presented because thts was 

the only blood preparation agglutinated by all of the lectins There were drfferences 
between the effects of the lectms from the different bean vartetles with respect to then sus- 
ceptrbrlltres to the mhtbitors but the two fractions obtained from each varrety behaved m 

Trpe Sample Rabbit 

A Crude extract* (Negro 
N~coya) 
z-fraction 
/I-tractton 

B Crude extract (Cubagua A) 
r-fraction 
p-fraction 

C Crude extract (Vamtca 
Saavedra) 
r-fraction 
p-fraction 

D Ct ude extract (Alabasta) 
Y-fraction 
b-fraction 

8 

Blood type 

Cow-trypsln 
Hamster- 
prondse 

Mltogentct 
actlvltl 

-_ 

Y IO 
6 9 90 
4 6 10 
I 10 
0 9 
0 7 : 

10 11 
7 8 X0 
4 4 10 
I 9 
I 7 8 
0 5 3 

(A) WBH 5 8 10 50 
(Cl PHA I 9 12 100 
IA) PPHA 6 6 8 80 
(C) I 11 13 100 

* The seed extracts were prepared I 10 (w/v) and the fractions were dissolved I mgjml m physlol salme The 
highest dllutlon step producing vlslble agglutmatlon after 1 hr at room temperature IS mdlcdted 

t Lymphocyte stlmulatlon was measured thl ough the mcorporatlon of [3H]-thymldme The concentration of 
the frdctions waq 5 /ig/ml of culture mednml Actlvlty IS expressed as per cent of the actlvlt) of commercial PHA 
(Wellcome) 
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an identical way. Fetuin and N-acetyl-galactosamine inhibited all of the lectins. The A-, 
B- and C-type bean fractions were also inhibited by pig erythrocyte mucold and the B-type 
bean fractions by N-acetyl-glucosamme. 

TABLE 4 INHIBITIONOFHEMAGGLUTINATIONACTIVITYOFBEANLECTINSRY DIFFERENTINHIBITORS* 

Fraction Control Pig muc Fetum N-ac -gal am N-ac -glut am 

Am x 12 9 9 10 12 
A P 8 4 4 6 8 
B- 7 12 5 4 8 10 
B-B 4 0 0 3 3 
C-ix 12 10 10 11 12 
C-B 5 3 3 3 5 
D-a 8 8 5 6 8 
D-B 3 3 1 2 3 
PHA 10 6 I 8 10 
WBH 10 8 8 8 10 
PPHA 9 I I 8 9 
LA 13 9 9 11 13 

* Solutions of0 5 mg/ml ofthe bean Iectm tiactlons m physiofogical sahne were submitted to seriaf I . 1 dlfu- 
tlons with physlol sahne contammg 20 mg/ml m the case of pig erythrocyte muccnd) Equal volumes of a 4% 
suspension of pronase-treated hamster rbc were added to each chlutlon and agglutmatlon observed after 1 hr 
at room temp The fughest dXution steps giving vlslbie aggiutmatlon are mdlcated 

Lymphocyte-stimulating activity 

Some results of the tests for mitogenic activity are included in Table 3. It can be seen 
that the B and D- type lectins showed only minimal mitogenic activity and that the p- 
fractions were less active than the cc-fractions. 

TABLES HEMAGGLUTINATINGANDMITOGENICACTIVITYOF MIXEDBEANEXTRACTAFTERADSORPTION WITH RABBIT 

ORCOWERYTHROCYTES 

Treatment* 
Hemagglutmatlon 

Rabbit rbc Cow rhc 
Thymldme-[3H] mcorporatlon 

cpmt 

None 
3 x adsorbed 
with rabbit rbc 
3 x adsorbed 
with cow rbc 

8 9 46320 

1 I 22120 

0 2 180 

* A mixture of 1 ml each of type-A and type C bean extract was adsorbed 3 times with 0 5 ml of packed rabbit 
or cow rbc respectively 

t The mltogemc activity was measured through the mcorporation of thymidme-[3H] mto DNA of lympho- 
cytes 111 two 

The results of a typical adsorption experiment is presented in Table 5. The strong 
hemagglutinatmg activity on trypsm-activated cow rbc and the mitogenic activity 
remained when a mixture of A- and C-type bean extracts was adsorbed with rabbit rbc, 
while treatment with cow rbc eliminated both activities simultaneously. 



DlSCUSSIOh 

The screenmg test mdlcates that mltogenlc actlvlty 1s not found m the extracts of all 
bean varieties. Slmllar observations had been reported by other authors.‘“~’ ’ All the mlto- 
gemc samples belonged to bean varieties classified as A or C-types according to their rcs- 
pectlve hemagglutmating speclficltles 

The isolated lcctms from these four bean types had the same hcmagglutmatmg spcc~- 
ficity as the correspondmg crude extracts (Table 3). This means that the action of the crude 
extracts on different types of rbc and on lymphocytes was not due to the combmcd actlvl- 
t~csofd~f?&r~~~tf~cturs, baimcdn be expiamed by tie muii@z actlv@ of tire ia&TS Istriai~ccf 
from each of these extracts 

The erythro-agglutmatmg action of all the bean lectms tested was mhlhited 1~1 fetum 
and N-acetyl-D-galactosamme which had previously been shown to possess mhtbltorq ac- 
tivities under comparable cond-itions.“3”’ Iliree of-the four lectm types L%ccre mhlbited~ 6~ 
pig erythrocyte mucold, which has been described as a potent mhlbltor of ktdnel bean 
lectm. l4 In our experiments Its actlvlty was rather weak and \u~llar to that of fctum 

Our results show that the differences rn specificity between the four bean lectm tlpt’s 
are quantitative rather than quahtatlve, because a weak agglutmatmg ‘uztlvlty could be 
detected with high concentrations of lectms of B and D-type beans tested agamst trqpim- 
actlvatcd cow rbc and of c‘ and D-type iectlns tcstcd with rahblt rhc 11~0. 111~ “IIUC~I\C” 
lectms of the B and D-types had a weak but detectable stlmulatlnp action on lymphoc~tcs 
The prcvi~o~us o’bservatro~n tlfdt ‘bean lectms are absorbed not only by rh~c cr? throcq its they 
Zi&uhTrZ& ‘kit i7s- ix ksb-cf- &grcc by- itime- cdk w inc-ir aru- rfnrru Cn.- k53 ~rrfrac-ttrrl; i-01x 21-1-d 

their agglutmatmg actIon’ also supports this conclusion 
All fractions were tested repeatedly for mltogemc actlvlty m lymphocyte cultures at con- 

centrations between 75 and 01 pg/ml. Maximal actlvltlcs were observed at 3- 10 jlg,rnl 
The response curves observed by us were less bell-shaped than m the studies of Rigas and 
Tisdale’” who obtained maximal response of their bean phytohemaggiutmm at ‘1 con- 
centration of 5 pg/ml. Lcucocytes obtained from different donors responded somcl\hat dlf- 
ferently to the different lectms The values presented m Table 3 were thcrcfore estunated 
from several experiments From these results it 1s clear that B- and D-type lectms have 
only mmlmal mltogenic activity and it also appears that the r-fractions are more actlkc 
than the I?-fCactions Quantitative comparisons of-the activities is compflcated hccauac 01’ 
the mstabllity of bean lectms.4 The WBH used m our experiments had been stored fol 
4 yr as a ijiOphih& powder at 4’ a& our- kachorrs had ixerr iqrt iLo~cn for i jr~ iilf%~-- 

ences m the degree of denaturatlon, purity, and specific actlvltj could thcreforc account 
for the quantitative divergences m biorogica~activities between the dlfkrent preparations 

Several of the most exhaustively purified bean lectms possess both h~magglutlnatrll~ 
and mltogenlc actlvltles’ 4X while some authors claim to have obtalncd mtogcnlc pl-~p- 
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aratlons without or with only mmlmal actlon on red blood cells s~7’16~18 Our results 
prove that these contradictory observations may be explained d A-type lectms had been 
obtained by the first group of authors and C-type lectins by the second. Indeed, WBH and 
PPHA possess the biological properties of A-type lectms while PHA and LA are typical 
C-type lectms. 

Erythrocytes which are not agglutinated by some types of bean lectins may nevertheless 
bmd them, but they are much more active in binding the lectm types which are most effi- 
cient in agglutinating that special type of blood cell.’ Therefore, when a mixture of A- and 
C-type lectms 1s adsorbed with rabbit blood, the C-type lectm will be concentrated in the 
supernatant and exhibit mltogemc activity but ,no significant agglutinating action when 
tested with rabbit or human rbc (Table 5). The experiments of several investlgators’g-22 
who claimed to separate erythroagglutinms from mltogens by adsorption of the former 
on rbc are therefore no proof for the existence of these separate factors as long as they 
have not been tested with an appropriate rbc preparation 

The carbohydrates found in the eight bean lectins analyzed were all different and were 
also different from those detected m the bean lectins described by other authors 2,3,6--8. 
The fact that with one exception the bean lectins are precipitated by Con A indicates that 
they have some non-reducing D-glucoslde or mannoslde resldues.23 The 4 control lectms 
included were likewise precipitated by Con A in the double dlffuslon test These preclpl- 
tatlons do not occur in the presence of the Con A-mhlbltor x-methyl-mannoslde It seems 
that there are no two bean lectms among all those studled until now which have the same 
carbohydrate composition 

Our cc-and p-fractions had different lsoelectrlc points as revealed by the differences m 
pH at which they were eluted from DEAE-cellulose and because they differed m their elec- 
trophoretic moblhties. Sugar components as well as MWs were also different, but biologl- 
cal activities were quahtatlvely identical between the lectins obtained from any one bean 
sample. The u-fractions had somewhat higher MWs as determined by gel filtration and 
a greater number of sugar components than the p-fractions In the former, fucose was a 
constant component which was not found m the latter. The term “lsolectms” has been used 
for multiple forms of agglutmms isolated from the same seed extracts having identical bio- 
logical activities and MWs but differing in electrophoretlc moblhties and sugar com- 
ponents 24 

The A-type hemagglutinm specificity 1s inherited as a single dommant trait as has been 
found m previous work from this laboratory,g but it 1s found m at least two different lsolec- 
tins, the a- and p-fractions described m the present paper. These facts can be explained 

I6 ALLAN D and CRUMPTON, M J (1971) Bwchem Bmphys Res Com~un 44, 1143 
” YAC&IN S and SVENSON. R H (1972) Iww~olog): 22, 871 
I8 PUNNET, T and PUNNET, H H (1963) Nature 198, 1173 
I9 BARKHAN, P and BALLAS, A (1963) Nature 200, 141 
” KOLODNEY, R L and HIRSCHHORN. K (1964) Nature 201, 715 
*’ BQR.F~~QF,. J _ ~~JJREN~H,.B.,.NOR~~~N,. 4. and.Tw_INEw,. S. (.I.~~A).BJcK~~J~. &O&L!T ALY~.%Y~. I.ix 

‘* SCHUMACHER, K , OERKERMANN, H , UHLENRRUCK, G. ALZER, G , HIRSCHMANN, W D and GROSS, R (1971) 
Kiln Wschr 49, 286 

23 GOLDSTEIN, I J, and IYER, R N (1966) B~~chwn Bu~phys Acta 121, 197 
24 ENTLICHER, G , KOSTIR, J V and KOVOUREE, J (1971) Bmchm Bmphys Acta 236, 795. 



by postulating an active subunit. common to both fractions The prcsencc of active subumts 
m bean lectms has been demonstrated by several groups of authors I” ‘- ” ‘- 

Yachnm and Svenson have observed live protein bands m the purified actlvc fraction 
obtained from a crude bean hemagglutinm ” They propose a structure composed of foul 
so’lurrits-irxf su-wsi: i& tzx15 iIx& trT i-6+ i T k J-~LR cri’ su’r-Tu-mt?; E-5 d~dft-ru-rTt culrrimT&tiU~~~ il-vC 

different proteins could result m analogy to some lsoenrymds like lactic dchydrogcnase 
One subunit would be responsible for mltogemc and the other for hemagglutlnating actl- 
vlty. The presence of both hemagglutmatmg and mltogemc a&Ions m our r-and [j-frac- 
tlons would mean that both must contam the two types of subunits Nevertheless. nccord- 
ing to the data of Table 2 the sugar constituents of the respective z- and /j-fractions were 
d~~ficrrrrt m :tii mats; corrtra~~~ T(J wi-rilt- \huuict have ‘Own- cxpecttxf I[’ hotiT cOnsl~im_l Oi‘ ihr 

T L!x-‘,,.,a- _:- ._ (7 ..- siyi-x. k-i-iTd- <j-f b~ti;iti-Ei-p+ is, u,, ,L, c-I, L ~,r \,liur~-i-o-lTs- aEd if tiicsc. sLi-‘guin<~>- ;rc>,i ;-+ iiiF<i.i- rL~i&~i-c-s. 

iii or&X to rccOn-clle Our resuik w riir the ~U”oreint3-R1orv33 ‘h~TuiiTcm li Masai- ix ~Issu17rd 

that the carbohydrate moleties are added to the lectm molecules after these have been 
assembled from their subunits 

Many commercial bean varletles tested m this laboratory bq the single-seed assay 
proved to consist of mixtures of two or three bean types When used for fractlonatlon 
work, these materials may yield several types of lcctms. The B-type lcctms;, when assaqcd 
with rabbit or human rbc would appear as erythroagglutmms wlthout slgmficant mlto- 
gemc action and the C-type lectms would appear to be mltogens wlthout hrmagglutmatmg 
action until trypsm-activated cow rbc or pronase-activated hamster rbc arc used On the 
other hand. the A-type lectms will exhlbtt both actl\ltles when tcstcd with an> type of 
blood. Therefore, trypsin-activated cow rbc should always be used along with the other 
blood preparations A bean lectm preparation of known actlvlty should be mcludcd m the 
tests because some cow blood samples will not product a normal reactlon,” a fact which 
IS probably related to the different blood groups of cattle.‘” 

It IS noteworthy that the bean types most active in mltotlc stlmulatlon are also the most 
toxic 2’) It seems possible that both actlvmes are somehow related Hopefully, further m- 
sight mto the structural details of these closely related lcctms may be useful for explormg 
the features required for the mltogemc activity and toxlcltj 
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Purlficat~on of the lectlns Seed samples of each one of the 4 speclficlty rypes were selected and umforrmty of 
the lots was verified by testmg at least 50 single seeds with the 3 blood cell preparations described above The 
selected bean CI’S were Negro Nlcoya, black. type A, Cuhagua, suhlme, black, type B, Vamlca Saavedra, black. 
type C, Alabaster, white, type D Ground seeds (20 g) of each of the 4 selected bean samples were suspended 
in 200 ml of H,O, adJusted to pH 4 and stlrred for 24 hr at 4”, followmg centrlfugatlon the supernatants were 
heated to 80” for 10 mm, neutrahzed and clarified by centnfugatlon at 2” EtOH of the same temp was slowly 
added with mechamcal stlrrmg The ppts which were formed by addltlon of EtOH m the range of 33%66% were 
dissolved m Trls-HCl 0 01 M, pH 7 6 and passed through a 250 ml column of Blogel P-100 The fractions con- 
tamed m the first elutlon pea!& were con& under red- pres, the pH was adJusted to 8 and the material was 
oassed through a DEAE-cellulose column stablhzed at oH 8 with 005 M Trls+HCl buffer The column was 
washed with Trls-succmate buffer of a pH gradlent varym’g from 8-3 8 The eluates of the two mam peaks which 
emerged at pH 7 9 and 5 9 were dlalysed, concn and passed through a column of Sephadex G-100 which had 
been cahbrated with the tbIIowmg protems pepsm, ovalbumm, trypsm, WBH and hemogiobm A cahbratlon 
curve m winch the MWs were plotted agamst the respective elutlon vol was constructed and the MWs of the 
bean fractions were estimated from their correspondmg elutlon vols The eluates of the peaks were concn and 
frozen 

I~LOI par U~IOII of thynsduw C3H] Into DNA by the Isolated lectms was tested as follows to 2 ml duphcate cultures 
of about 1 4 x lo6 human lymphocytes purified by glass bead chromatography 31 labeled thymldme (1 &l/cul- 
ture) was added after 48 hr of cultlvatlon, and the latter was allowed to continue for another 20 hr The thymldme 
mcorporatlon mto the DNA was measured m a hquld scmtlIIatlon counter ” Each *action was tested J-S times 
at levels between AandU 1 pg/inI For the aggiutmatlon-mhlbltlon tests the lectms were titrated m the ‘?%crotl- 
ter” equipment usmg a soIn of the mhlbltors m physloioglcal saline as the dlluent The ibflowmg mhibltors 
were used N-acetyi-D-glucosamme (Serva). N-acetyl-D-galactosamme (Sigma), fetum (Calblochem), and pig 
erythrocyte mucold I4 

Double drfiwn tests Performed m 1 25% agar plates using 0 5% solns of the bean lectms and m the center 
well a I’jb soln of Con A Sugar analysis After hydrolysmg 5 mg portions of the lyophyhzed fractions for 2 hr 
at 100’ with 2N H,S04, sugars were determmed by ascendmg paper chromatography They were revealed with 
AgNO, m acetone-H10 or with amlme-phthalate and the ammo-sugars by the Morgan-Elson technique as de- 
scribed earher Pure sugars were chromatographed slmultaneousiy with the experimental samples Crude bean 
extracts and washed and packed red blood cells were mixed for the adsorptlon experiments m the proportion 
of 2 1 After 30 mm of agltatlon the mixture was centrifuged and the procedure repeated Hemagglutmatmg and 
mltogemc actlvltles were determined m the supernatants after each adsorption 

Elrctrophorc,sls The protein fractions were subjected to mlcro7one electrophoresls m phosphate buffer of pH 
7 9 and 6 2 and to electrophoresis on vertical polyacrylamlde gel slabs The dlscontmuous techmque was used. 
the runnmg gel bemg 10% Cyanogum-41 m 0 50 M Trls-HCl buffer, pH 8 9 and the spacer gel 5% Cyanogum-41 
m 0 10 M Trls-HCl buffer pH 6 7 Both buffers contained 0 24% TEMED and 0-0024’4 Tween 80 Electrode 
buffer was Trls-glycme 0 05 M, pH 8 4 For comparison samples ofcommercial bean hemagglutmm (PHA) (Well- 
come Lab lot No K 4403), wax bean hemagglutmm (WBH),’ kidney bean leucoagglutmm (LA)’ and phytohe- 
magglutmm (PPHA)’ were Included m the tests for blologlcal actlvlty 

Acknowledgements-We are Indebted to Dr I Posner for performmg the analytlcal polydcrylarmde electrophor- 
esls and for useful suggestions m the preparation of this manuscript, to Mr A CalleJas for some of the hemagglu- 
tmatlon tests, to Mrs V C6mez for the mitosis tests, to Mrs M Jaffi for some sugar analysis We thank Dr 
I E Llener for a gift of WBH. Dr D A Rlgas for a gift of PPHA, Dr T Weber for a gift of kidney bean leucoagg- 
lutmm (LA), Dr G Uhlenbruck for a gift of pig mucoid The financial support of the ConseJo de1 Desarrollo 
Clentlfico y Humanistlco of the Central Umverslty of Venezuela and the CONICIT IS gratefully acknowledged 

” RABINOWITZ, Y (1964) Blood 23, 811 
” WEREK. T (1969) Stand K. Clan Lab Inurst 21, Suppl 101, 15 


