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It has been shown p rev ious ly  [1] that  maize  s t igmata ,  S t igmata  maydis ,  contain a phytohemagglut inin 
(PHA). The p r e s e n t  paper  g ives  an account  of i t s  chemica l  c h a r a c t e r i s t i c s .  

We used two methods of ex t rac t ion  to obtain the PHA af te r  p r e l i m i n a r y  t r e a t m e n t  of the ma ize  s t i gma ta  
with methanol:  1) ex t rac t ion  with dilute hydroch lo r ic  acid  followed by p rec ip i t a t ion  with ammonium sulfate  
( sample  A), and 2) ex t r ac t ion  with ammonium oxala te  followed by prec ip i ta t ion  with ethanol  (sample  B). 

A compara t ive  study of the two s amp le s  was pe r fo rmed .  A p r e l i m i n a r y  inves t iga t ion  showed that  they 
contained ca rbohydra t e s  and p ro te in  components .  Hydro lyza tes  of beth s a m p l e s  were  found to contain the fol- 
lowing m o n o s a c c h a r i d e s :  ga lac tose ,  mannose,  glucose,  a r ab inose ,  xylose ,  t r a c e s  of rhamnose ,  a uronic  acid ,  
g lucosamine ,  and ga l ac tosamine .  In addit ion,  amino ac ids  w e r e  ident i f ied:  a spa rag ine ,  g lu tamic  acid,  glycine,  
a lanine,  lys ine ,  p ro l ine ,  s e r ine ,  threonine,  cys te ine ,  val ine,  methionine,  leucine,  i so leucine ,  t y ros ine ,  phenyl-  
a lanine,  h is t id ine ,  a rg in ine ,  and cys t ine .  

Analy t ica l  r e s u l t s  for  the c a r b o h y d r a t e - p r o t e i n  compounds f rom maize  s t igmata  a r e  given below (%): 
Spec t ra l  ana lys i s  showed the p re sence  of Ca and Mg ions in s amples  A and B. 

sample Monosac- Protein N P S OAc 0Ctt3 Ash 
charides 

A 26.5 50.0 8.0 1.0 - • • 2.5 2.0 
B 28.5 46:8 7.5 0_2 0:25 0.6 2.6 2.2 

Grea t  i n t e r e s t  was p re sen ted  by a study of the homogenei ty  of the s a m p l e s  obtained.  The r e s u l t s  of gel  
f i l t ra t ion  of Bio-Gel  P-150 a r e  shown in Fig .  1. As can be seen f rom the figure,  sample  A is d is t inguished by 
a lower  homogenei ty,  although the format ion  of two main peaks is  obse rved  in both cases .  Ana lys i s  of the com- 
pounds co r re spond ing  to the two peaks  showed that  they contained ca rbohydra t e  and pro te in  components .  Hydro l -  
yza t e s  of these  compounds were  found to contain the same monosaccha r ide s  and amino ac ids  as  the in i t ia l  s am-  
p les  A and B. 

The r e su l t s  of ch romatography  on Sephadex G-200, which a r e  given in Fig .  2, a l so  show the absence  of the 
homogenei ty  of s amp le s  A and B, sample  A being c h a r a c t e r i z e d  by cons ide rab ly  g r e a t e r  nonhomogeneity.  The 
compounds co r re spond ing  to peaks I and II (see Fig.  2) were  isola ted.  The i r  hydro lyza te s  were  found to con- 
tain the same  monosaccha r ide s  and amino suga r s  as the in i t ia l  s amples  A and B. 

Chromatography  on DEAE-ce l lu lose  (Fig.  3) led to the format ion of th ree  f rac t ions ,  the f i r s t b e i n g  eluted 
with phosphate buf fe r ,  the second with a 0.01 N solution of hydroch lo r ic  acid ,  and the th i rd  with a 0.1 N solu-  
tion of caus t ic  soda. As can be seen  f rom Fig.  3, the f i r s t  f rac t ion  gives absorp t ion  at  280 nm and by t h e p h e n o l -  
su l fur ic  acid  method (at 490 nm}, which shows the p re sence  of ca rbohydra t e  and pro te in  components  in it. The 
hyd ro lys i s  of this f rac t ion  gave the same monosaccha r ides  and amino ac ids  as  the in i t ia l  s a m p l e s  A and B. The 
second f rac t ion  gave p r a c t i c a l l y  no abso rp t ion  by the p h e n o l -  su l fur ic  acid  method. A hydro lyza te  of this  f r ac -  
t ion was found to contain amino ac ids  with only t r a c e s  of m o n o s a c c h a r i d e s .  F ina l ly  the th i rd  f rac t ion  was 
s t rong ly  co lo red  and i ts  hydro lyza te  was p r a c t i c a l l y  f ree  f rom amino acids  and monosaccha r ide s .  I t  p robably  
r e p r e s e n t s  some decompos i t ion  products  and components  accompanying the main compounds.  S i m i l a r  r e su l t s  
were  obtained when ch romatography  was p e r f o r m e d  on DEAE-Sephadex A-25 .  
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Fig. i. Gel filtration of the carbohydrate-protein com- 

pounds of maize stigmata on Bio-Gel P-150: A) sam- 
ple A: B) sample B: OD = optical density at 490 nm 

(phenol-sulfuric acid method). The absorption at 280 
nm is shown by the broken line in each case. 

i°n'~o B 

/ - '  v \ 

t %  

z',.¢ 

o,7 " 

Fig. 2. 

J5 ~o o ~ 4,~ 56 ml 

Gel filtration on Sephadex G-200. Symbol the 

same as for Fig. I. 
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Fig. 3. Chromatography on DEAE-cel lulose  (the sec-  
tion of the curve with dots re la tes  to visible light, 
colored fractions}. Symbol the same as for Fig. 1. 

• Ion-exchange chromatography on IRC-50 (H +) did not enable us to separate  the protein and carbohydrate  
components.  The substances were eluted a lmost  completely by phosphate buffer, giving only a single peak 
(Fig. 4). 

The caebohydra te -p ro te in  compounds of maize s t igmata possess  a well-defined agglutinating activity. 
The agglutination t i ter  of the total fract ion (a sample of 10 rag/1 ml of physiological solution) was 1:512, and 
those of fract ions A and B after  long s torage 1/32 and 1/16, respect ively.  In addition, the PHA possesses  mi- 
totic activity. Depending on the concentrat ion of mater ia l ,  we counted the following numbers  of metaphase plates:  
at a concentrat ion of 0.50-0.60 m g / m l - 3 0 - 4 0 ;  at 1.5-2.5 m g / m l - 4 0 - 6 5 ;  and at 2.0-2.4 m g / m l - 8 0 - 8 5 .  Under 
the same conditions, the activity of a PHA preparat ion of the film "Difco" (USA) was about 70 metaphase plates 
at a concentrat ion of PHA of 0.02 mg/ml of s tandard solution. 
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Fig .  4. I o n - e x c h a n g e  c h r o m a t o g r a p h y  on IRC-  
50 c a t i o n - e x c h a n g e  r e s i n  (H +) wi th  e lu t ion  by  
p h o s p h a t e  bu f fe r  (pH 6). S y m b o l s  the  s a m e  a s  
fo r  F ig .  1. 

EXPERIMENTAL 

In order to determine their monosaceharide compositions, the phytohemagglutinins were hydrolyzed 
with 2 N sulfuric acid at 100°C for 6 h. The hydrolyzates were neutralized with barium carbonate and deionized 

with KU-2 cation-exchange resin (H+). The solutions were concentrated in vacuum at 35°C. 

Partition paper chromatography (PC) was performed on FN-12 and FN-3 papers with the following sol- 
vent systems: i) butan- I- ol- pyridine- water (6 : 4 : 3) ; and 2) the Partridge system [butan- i- ol- acetic acid- 
water (4 : 1 : 5), upper layer]. Aniline phthalate was used to reveal the monosaccharides. 

Gas-liquid chromatography (GLC) was performed on a Vyrukhrom chromatograph with a flame-ioniza- 
tion detector using spiral stainless-steel columns {i00 x 0.3 cm); rate of flow of N 2 33 ml/min, of H 2 33 ml/ 
rain, and of air 300 ml/min. The stationary phase was HIEEF-8-Bp on Gas-Chrom Q (100-200 mesh). The mon- 
osaccharides in the form of the aldononitrile acetates were chromategraphed (GLC) with programming of the 
temperature from 160 to 225°C (program rate 4 dog/rain). 

The total amount of monosaccharides was determined by the phenol-sulfuric acid method [2], the amount 
of proteins from the nitrogen content, and the ash by igniting samples at 600°C to constant weight. The amino 
sugars were determined by performing hydrolysis with 6 N hydrochloric acid at II0°C for 4 h, and the amino 
acids by hydrolyzing under similar conditions for 24 h. The hydrochloric acid was eliminated by repeated 

evaporation in vacuum and the residue was used for analysis on a "Jeol" (Japan) type JIC-6AH amino-acid 
analyzer. 

For the gel chromatography of aqueous solutions (i ml ) of samples of phytohemagglutinin (10-20 rag)we 
used columns with Bio-Gel P-150 (36 x 1.5 cm) and with Sephadex G-200 (38.5 x 1.5 cm). Elution was carried 

out with water, 3-ml fractions being collected. The results of gel filtration are shown in Figs. i and 2. 

Isolation of Sample A. Isolation of sample was accomplished in the following way: extraction with water 

acidified to pH 4-5 at room temperature; fractionation with ethanol of increasing concentration; further purifi- 
cation- salting out with ammonium sulfate at 0.4 saturation (saturated aqueous solution of ammonium sulfate 
previously diluted 2.5-fold). 

Isolation of Sample B. Comminuted air-dry maize stigmata (18 g) that had previously been treated with 

methanol and with hydrochloric acid (pH 5) at 60°C for 4 h were extracted with a 1% solution of ammonium 
oxalate on the boiling-water bath for i0 h. The extract obtained was evaporated to small volume and poured in- 
to ethanol. The resulting precipitate was separated off and washed with ethatml. The precipitate after gentle 
drying in air was dissolved in water, dialyzed against distilled water, and freeze-dried. This gave 1.2 g (6.5%) 
of sample B. 

Ion-Exchange Chromatography of Samples A and B on DEAE-Cellulose. The total carbohydrate-protein 

fraction (60 rag) was deposited on a column (37 x 1.8 cm) of DEAE-cellulose in the phosphate form. Elutionwas 
carried ou~ by the following scheme: phosphate buffer, pH 4.5; phosphate buffer, pH 4.5, in 0.i M NaCl solution; 

phosphate buffer, pH 4.5, in 1 M NaCl; 0.2 M phosphate buffer + phosphoric acid to pH 219; 0.01 N hydrochloric 
acid solution; 0.i N NaOH solution. 
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The rate  of elution was such as to give a 15-ml fract ion every  hour, and the fract ions were analyzed by 
the pheno l - su l fu r i c  acid method and by their absorption at 280 nm. The resul ts  are  given in Fig. 3. 

Chromatography on Cation-Exchange Resin. The total carbohydra te-pro te in  fract ion (160 mg) was de- 
posited on a column (40 x 1.5 cm). Elution was per formed with phosphate buffer, pH 6, and then with phosphate 
buffer, pH 6, in 1 M NaC1 solution. The fract ions were analyzed as descr ibed above. The resul ts  are  given in 
Fig. 4. 

The determinat ion of the hemagglutinating activity of the initial ca rbohydra te -pro te in  compounds of maize 
s t igmata and of the f rac t ions  isolated by chromatography on various adsorbents  were determined in a dilution 
ser ies  by the method of Dubois et a l .  [3]. 

S U M M A R Y  

It has been shown that the phytohemagglutinins of maize s t igmata  consis t  of carbohydra te -pro te in  com- 
pounds and that the carbohydrate  and protein components have a fa i r ly  s trong bond. The nature of this bond re-  
mains unknown. 

The phytohemagglutins isolated possess  a well-defined agglutinating and mitotic activity. 
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The major i ty  of prepara t ive  methods for isolating the cerebros ides  of the brain descr ibed hitherto are  
based on the poor solubility of these compounds in ether  and cold ethanol and their  good solubility in hot ethanol 
[1, 2]. For  the final purification of the cerebros ides ,  crysta l l izat ion f rom glacial acetic acid has been recom-  
mended [3]. The isolation of ce rebros ide  fract ions has also been performed by the chromatography of the 
total lipids on si l ica gel or  on alumina [4-6]. Another method for the preparat ive  isolation of the cerebros ides  
of the brain [7, 8] is based on the elimination of the bulk of the phospholipids by precipitat ion with acetone and 
fi l trat ion through a column packed with Florisil.  The acidic and basic phospholipids remaining in the ex t rae twere  
removed by ion-exchange chromatography on a column containing a mixture of cation- and anion-exchange r e s -  
ins. The final stage of purification of the ce rebros ides  was crysta l l izat ion f rom a mixture of ch loroform and 
methanol [7, 8]. Finally, the ehromatographyof  the total lipids of the brain on DEAE-cel lu lose  and on magnesi-  
um silicate has been recommended for the isolation of the cerebros ides  [9, 10]. The best  of the preparat ive  
methods descr ibed in the l i tera ture  is that of Wells and Dit tmer [11], which successful ly  combines the pre-  
l iminary  purification of the total sphingotipids by extract ion with cold ether,  the cleavage of the phospholipids 
by mild alkaline hydrolysis  [12], and column chromatography on si l ica gel, leading to the isolation of the three 
main types of brain sphinogolipids: eerebros ides ,  sulfatides, and sphingomyelin. 
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