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ABSTRACT: The present light microscopic lectin histochemical study suggests for the first time that 
the vertebrate gonadotropin-like substance in the basal part of the epithelial cells of Hatschek's pit 
is d sialic acid-containing glycoprotein. The binding intensity of the epithelial cells in Hatschek's pit 
to 6 lectins (Limulus polyphemus agglutinin (LPA), Wheat germ agglutinin (WGA), Helix pomatia 
agglutinin (HPA). Concanavalin A (Con A), Ulex europaeus agglutinin I (UEA I) and Ricinus corn- 
munis agglutinin I (RCA l)) indicate that the carbohydrate composition of the gonadotrophic glyco- 
protein is similar to that of mammals and fish, and that N-acetyl-D-galactosamine, sialic acid, glu- 
cosamine, D-mannose anti L-fucose are components of the carbohydrate portion. 

INTRODUCTION 

Since the original electron microscopical  observation by Tjoa & Welsch (1974) of 

small granules  and vesicles at the basis of the epithelial  cells of Branchiostoma lanceola- 
turn, growing ev idence  for an endocrine function of this organ has accumulated .  Chang  

et al. (1982) demonst ra ted  for the first t ime using an immunocytochemical  t echn ique  that 
Hatschek 's  pit in Branchiostoma belcheri can synthesize a mammal ian  LH-like gona- 
dotropic substance.  Using both cytological and endocrinological  exper imenta l  methods,  

Fang & Qi (1989) demonst ra ted  that certain epithelial  cells of Hatschek 's  pit may be the 

primitive gonadotropic  cells of Branchiostoma. More recent  work has demonstra ted,  by 
means  of immunocytochemica l  techniques,  that Hatschek 's  pit e laborates  mammal i an  

and fish gonadotropin- l ike  substances (Nozaki & Gorbman,  1992; Fang, 1993). Bioche- 
mical analyses indicate that the glycoprotein gonadotropic  hormones of ver tebra tes  con- 

tain sialic acid and other carbohydrates  (Burzawa-Gerard & Fontaine, 1972). Sialic acid 

may be essential  for the biological activity of gonadotropin  (Grimek et al., 1976; Gr imek 
et al., 1979). So far, no at tempts have been  made  to character ize the gonadotropic  sub- 

stance in Hatschek 's  pit of Branchiostoma. It is not known whe the r  the gonadot ropin  of 
Branchiostoma is also a glycoprotein,  and whe the r  its carbohydrate  composi t ion is simi- 

lar to that of vertebrates .  We used LPA (Limulus po lyphemus  agglutinin;  Roche et al., 
1975; Qua tacker  et al., 1990) for the his tochemical  detect ion of sialic acid in the glyco- 

proteins of Hatschek 's  pit. LPA has been  descr ibed to provide  a means  of ident ifying FSH 
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(follicle s t imulat ing hormone) -produc ing  cells in m a m m a l i a n  pi tui tar ies  (Komuro & Shi- 
oda, 1981). In addit ion,  other  lectins (WGA, HPA, Con A, UEA I and RCA I) have  been  
used in the p resen t  s tudy for further charac ter iza t ion  of the secretory p roduc t  of Hat-  
schek ' s  pit. Lectin his tochemical  techniques  have been  successful ly app l i ed  to the ana-  
lysis of secretory products  in other  endocr ine  sys tems (Komuro, 1987; Perez & Fe rnandez -  
Lebrez  1989). The  purpose  of the p resen t  s tudy is to under s t and  the b iochemica l  charac-  
teristics of Branchiostoma's gonadot rop in  and  to provide  new ev idence  for the  evolut ion 
of this g lycoprote in  hormone.  

MATERIAL AND METHODS 

Branchiostoma belched Gray (Amphioxus) were  collected dur ing  win te r  and  spr ing 
a long  the Qiontou coast, Tongan Country, Xiamen,  in southern China.  A total  of 20 ani- 
mals  of both sexes,  ranging  from 47 to 56 mm in length,  were  used for this study. 

The animals  were  fixed for 24 h in freshly p r e p a r e d  Bouin's solution; the  t issue sam- 
ples were  d e h y d r a t e d  through a g r aded  e thanol  series and subsequen t ly  e m b e d d e d  in 
paraplas t .  Serial  sect ions of 2-5 Bm were  moun ted  on glass slides. Sect ions tha t  inc luded 
Hatschek ' s  pit were  ident if ied with a low magni fy ing  microscope and  se l ec t ed  for light 
microscopic ca rbohydra t e  his tochemical  staining.  

L e c t i n  h i s t o c h e m i s t r y  

Limulus po lyphemus  agglut in in  (LPA), Whea t  Germ agglu t in in  (WGA), Helix poma- 
tia agglu t in in  (HPA), Concanava l in  A (Con A), Ricinus communis  agglu t in in  I (RCA I) and  
Ulex europaeus agglu t in in  I (UEA I) l abe l ed  with pe rox idase  (PO) were  o b t a i n e d  from 
Sigma (Mfinchen, Germany)  and used  in this study. Deparaff in ized sect ions  were  incu- 
ba t ed  with the pe rox idase  l abe led  lectins (POLT) using a 1:25 or 1:40 di lut ion m a d e  with 
0.05 M Tris Buffer Sal ine (TBS), pH 7.6 for 1 h at room tempera ture .  After  w a sh ing  with 
TBS, all sections were  immersed  in 3', 3 ' - d i aminobenz id ine  (DBA, 0.5 mg/ml)  -H202 
(0.005 %) for 10 rain, r insed with dist i l led water,  d e h y d r a t e d  and mounted .  

The specifici ty of the ob ta ined  s taining was tes ted  by p re incuba t ing  the  lectins in a 
solution of the appropr ia t e  inhibitory sugar:  D-mannose  for Con A, L-fucose for UEA I, D- 
ga lac tosamine  for HPA; the specificity of LPA was tes ted according to Komuro & Shioda 
(1981). The concentra t ion  of the inhibi tory sugar  was 0.3 M. All inhibi tory sugars  were  
pu rchased  from Sigma.  Fur thermore ,  the  activi ty of e ndoge nous  pe rox idase  was  c he c ke d  
by tissue sect ions reac t ing  with DAB only. 

RESULTS 

In Branchiostoma belched, Hatschek ' s  pit consists of three  k inds  of ep i the l ia l  cells 
(Fang & Qi, 1989): (1) epi thel ia l  cells in the dep th  of the pit; (2) i r r e g u l a r l y - s h a p e d  cells; 
(3) ci l iated mucous  cells. The results ob ta ined  from analysis  of the lectin b ind ing  pa t t e rn  
in FIatschek's  pit are  summar ized  in Table 1. It b e c a m e  clear  that  specific b ind ing  sites of 
6 lect ins (LPA, HPA, WGA, ConA, UEA I, RCA I) are  to be found in the  ep i the l i um of Hat-  
schek 's  pit  of both sexes; no sex difference was  found. The fol lowing text  refers  only to 
the epi the l ia l  cells in the dep th  of the pit  ( , ,deep" cells), which are of endoc r ine  function. 
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Table I. Lectin binding sites in the Hatschek's pit of Branchiostoma belcheri 
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Binding site in Lectin 
Hatschek's pit LPA HPA WGA Con A UEA I RCA I 

Epithelial Cytoplasm +++ § +++ ++§ ++ +_ 
cells in the 
depth of the pit 

Irregularly Cytoplasm 
shaped cells 

§ 

Ciliated 
mucous 
cells 

Cytoplasm - - ++ + 

- No staining; + Light staining; ++ to +++ Higher staining intensity 

1. LPA-PO bound strongly to the apical and  basal cytoplasm in the deep parts of 
Hatschek's pit. The cells of the lateral walls of Hatschek's  pit reacted weakly or not at all 
(Figs la, 2). 2. HPA-PO was also strongly bound  to the apical and basal cytoplasm of the 
epithelial cells in the depth of the pit (Fig. lb). 3. WGA-PO bound strongly to granules  in 
the apical cytoplasm and to the basal part of epithelial cells of Hatschek's pit (Fig. lc, d). 
4. Con A-PO labeled strongly or moderately  the cytoplasm and cell periphery of the deep 
epithelial cells. 5. For UEA I-PO there was a moderate  but specific b inding  in the apical 
cytoplasm and in the secretory granules  of the basal parts of the deep epithelial cells. 6. 
RCA I-PO occasionally bound faintly to the cytoplasm and cellular periphery in the ba- 
sal parts of the deep epithelial cells. The LPA-PO binding intensity in the basal parts of 
the epithelial cells of Hatschek's pit in the different stages of the gonadal  deve lopment  
exhibited differences. In animais with stage I gonads,  the LPA-specific b ind ing  intensi ty 
in the basal parts of the epithelial cell is not so strong (Fig. 2) as in animals with stage IV 
gonads (Fig. la). 

DISCUSSION 

The investigation of Mazzuca et al. (1977) and Yamada & Shimizu (1979) have shown 
that LPA can be used to demonstrate  the presence  of sialic acid residues in pept ides in 
various cells and tissues. Accordingly, we used this lectin for detection of sialic acid resi- 
dues in Hatschek's  pit of Branchiostoma,  which has been  claimed to produce gonadotro-  
pic hormones (Chang et al., 1982; Nozaki & Gorbman,  1992; Fang, 1993). Sialic acid is es- 
sential for biological activity of ver tebrate  gonadotropin  (Grimek et al., 1976; Gr imek et 
al., 1979). Therefore, LPA, which has been  used for localisation of FSH-secret ing cells in 
the mammal i an  adenohypophysis  (Komuro & Shioda, 1981), has also been  used for loca- 
lisation of gonadotropic ceils in amphioxus.  LPA exhibits strong b inding in the cytoplasm 
of the epithelial  cells in the depth of Hatschek's  pit. In the controls these cells did not  b ind 
LPA. No staining occurred in the other cell types of Hatschek's  pit. The LPA-binding site 
is coincident  with the region of previously establ ished localization of assumed gona-  
dotropic cells of Branchios toma by electron microscopy and physiological methods (Fang 
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Fig. 1. Branchiostoma belchen (a-d). Cross sections through the head region with positive lectin 
binding at the epithelial cells at the bottom of Hatschek's pit (H). a Strong binding of LPA to the cyto- 
plasm (thick arrow) including its basal part (thin arrow} of the epithelial ceils, PosLtive reaction 
also in the subep[thetial connective tissue; stage IV of the ovarian development  (920 : t), b Strong 
binding of HPA mainly to the basal parts of the epiLhelial cells (arrows) (920 : I). c and d WGA 
binding, c WGA binding to granules in the apical cytoplasm of the epithelial cells~ arrows: basal 
reaction; d WGA binding to granules in the cytoplasm of the epithelial cells is of s t rong intensity 

{arrow)~ BY: Blood vessel (920 : 1) 
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Fig. 2. Branchiostoma belcheri. Stage 1 of tile ovarian development. LPA binding to the epithelial 
cells at the bottom of Hatschek's pit (H). Binding occurs predominantly in the apical cytoplasm 

(arrows), possibly in the Golgi region (920 : 1) 

& Qi, 1989) as well as immunocytochemical  localization using antibodies of mammal ian  
and fish gonadotropin  (Chang et al., 1982; Nozaki & Gorbman,  1992; Fang, 1993). By de- 
monstrat ing LPA-binding to epithelial cells in Hatschek's pit, it appears possible to sug- 
gest that B r a n c h i o s t o m a ' s  gonadotropin,  like that of vertebrates, is also a sialic acid-con- 
taining glycoprotein hormone. The b inding pat tern of HPA, WGA, Con A and  UEA I in 
Hatschek's pit is similar to that of LPA, giving a strong or moderate b ind ing  reaction. It is 
known that HPA recognizes N-acetyl-D-galactosamine (Hammarstr6m et al., 1977; De- 
bray et al., 1981); WGA recognizes N-acetyl-D-glucosamine (Spicer & Schulte, 1992; 
Araujo et al., 1993); Con A recognizes D-mannose  (Goldstein & Poretz, 1986); and UEA I 
recognizes L-fucose (Sugii et al., 1982; Araujo et al., 1993). This observation indicates, in 
addition to sialic acid, the presence of other carbohydrates in B r a n c h i o s t o m a ' s  gona- 
dotropin, including D-galactosamine, D-glucosamine,  D-mannose  and L-fucose. This 
situation is similar to that of the vertebrate gonadotropin.  There is a difference concer- 
n ing the presence of fucose, as indicated by the b ind ing  of UEA I which is not present  in 
mammal ian  FSH and fish gonadotropin;  mammal ian  LH, however, contains fucose 
(Burzawa-Gerard & Fontaine,  1972). It is interest ing to note that RCA I, which recogni- 
zes galactose, bound  only occasionally and  faintly to basal epithelial cells of Hatschek's  
pit. This observation corresponds to the findings of Burzawa-Gerard & Fonta ine  (1972) 
according to which galactose is not a component  of vertebrate  gonadotropin.  It appears  
as though in spite of the vast phylogenetic  differences be tween  B r a n c h i o s t o m a  and  te- 
leosts and mammals,  the gonadotropins in these groups are comparatively similar. 

B r a n c h i o s t o m a ' s  gonadotropin seems to have no species specificity (Fang & Wang, 
1984), and  the molecular  structure of B r a n c h i o s t o m a ' s  gonadotropin  possibly resembles 
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tha t  of m a m m a l  a n d  fish (Fang,  1993). It a p p e a r s  p l aus ib l e  to s p e c u l a t e  t h a t  g o n a d o t r o -  

p in  is an  a n c i e n t  h o r m o n e  occu r r i ng  in b o t h  c e p h a l o c h o r d a t e s  a n d  v e r t e b r a t e s ,  l e n d i n g  

s u p p o r t  to N i e l s e n ' s  c o n c e p t  of N o t o c h o r d a t a  (1995). The  p r e s e n t  s tudy  a l so  s u p p o r t s  t he  

no t ion  of C h a n g  et  al. (1982) a n d  N o z a k i  & G o r b m a n  {1992) t ha t  an  o r i g i n a l  f u n c t i o n  of 

H a t s c h e k ' s  pit, w h i c h  is obv ious ly  the  p r e c u r s o r  of the  v e r t e b r a t e  a d e n o h y p o p h y s i s  (Tjoa 

& Welsch,  1974), was  the  cont ro l  of g o n a d a l  d e v e l o p m e n t .  

In r e s p e c t  of the  q u e s t i o n  in w h i c h  w a y  the  e n d o c r i n e  s ec r e to ry  p r o d u c t  of H a t s c h e k ' s  

pi t  m a y  be  t r a n s p o r t e d  to its t a rge t  o rgans ,  the  g o n a d s ,  w e  a s s u m e ,  t h a t  it [s init ial ly 

d i s c h a r g e d  by  exocy tos i s  at t he  basa l  p l a s m a  m e m b r a n e  of the  ep i the l i a l  ce l ls .  P r e s u m a -  

bly, it t r a v e r s e s  t he  basa l  l a m i n a  a n d  the  n a r r o w  c o n n e c t i v e  t i ssue  s p a c e  t o w a r d s  the  

n e a r b y  l o c a t e d  b lood  vesse l s .  
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