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M e t h i o n i n e  T r a n s f e r  A c r o s s  G o l d f i s h  I n t e s t i n e  
A c c l i m a t i z e d  to Dif ferent  T e m p e r a t u r e s  

The  in t e s t ina l  mucosa  of t he  goldf ish syn thes izes  pro-  
t e in  in v ivo  a t  a r a te  which  d e p e n d s  on the  body  t em p e r -  
a tu re  of t he  fish L The  amino  acid compos i t ion  of t h e  
syn thes i zed  p ro t e in  also changes ;  t h e  a m o u n t  of vat ine  
decreases  a n d  the  a m o u n t  of me th ion ine  increases  as t h e  
e n v i r o n m e n t a l  t e m p e r a t u r e  is ra i sedL The t r a n s p o r t  of 
val ine  across t he  mucosa  can  also be a l te red  by  acc l ima-  
t i za t ion  to  d i f fe ren t  t e m p e r a t u r e s  a b u t  no th ing  is k n o w n  
a b o u t  the  t r a n s p o r t  of me th ion ine  unde r  s imi lar  condi-  
t ions.  The  p r e s e n t  e x p e r i m e n t s  measure  t he  t e m p e r a t u r e -  
d e p e n d e n c e  of me th ion ine  t r a n s p o r t  to  d e t e r m i n e  w h e t h e r  
the re  is any  connec t ion  be tween  t h e  t r ans fe r  of these  2 
amino  acids and  the i r  incorpora t ion  in to  mucosM prote in .  

Goldf ish weighing a b o u t  50 g were kep t  in ae ra ted  
w a t e r  a t  8 ° , 15 ° , 20 ° , 25 ° or 30°C for 2-3 weeks before 
use. F ish  in cold w a t e r  a te  less t h a n  those  in w a r m  w a t e r  
and  food was given to  all  in a s l ight  excess up  to  the  t ime  
of the  exper iment .  F ish  were  killed b y  decap i t a t i on  and  
the  an te r io r  in tes t ine  eve r t ed  on a p o l y t h e n e  covered  
meta l  rod to fo rm 2 sacs which  were b o t h  filled wi th  100 
~ul of b i ca rbona te  sal ine 4 con ta in ing  5.5 m M  glucose and  
10 m M  meth ion ine .  The eve r t ed  sacs were suspended  
f rom open-ended  cannulae  in 15 ml of the  s ame  meth io -  
n ine -con ta in ing  b ica rbona te  saline gassed wi th  a m i x t u r e  
of 95% O2 + 5% COy One sac was i ncuba t ed  a t  30°C 
and  the  o t h e r  a t  a t e m p e r a t u r e  equal  to  t he  p rev ious  
e n v i r o n m e n t a l  t e m p e r a t u r e  of t h e  fish. The sacs were  
r e m o v e d  a f te r  i n c u b a t i o n  for  2 h and  the  serosal  so lu t ions  
t r ans f e r r ed  wi th  the  aid of a syr inge  in to  weighed con- 
ta iners .  The  vo lume  of f luid recovered  was e s t i m a t e d  b y  
weight .  The  in tes t ines  were b lo t t ed  and  t h e n  weighed 
rap id ly  on  a sens i t ive  to r s ion  balance  (:t: 1 mg). Methio-  
n ine  was  e s t i m a t e d  color imetr ica l ly  a. 

F igure  1 shows the  resul ts  ob ta ined ,  E a c h  value  is t h e  
m e a n  of 6 de t e rmina t ions ,  3 using the  p rox ima l  p a r t  and  
3 the  t e rmina l  p a r t  of t he  an te r io r  in tes t ine .  The  serosal  
t r ans fe r  of me th ion ine  (Figure 1, left  side), measured  a t  
30 °C, fell as t he  acc l imat iza t ion  t e m p e r a t u r e  was raised,  
showing t h a t  some regula t ion  of me th ion ine  t r ans fe r  had  
t a k e n  place. B u t  w h e n  the  incuba t ion  t e m p e r a t u r e  was  
a d j u s t e d  to  be the  same as the  e n v i r o n m e n t a l  t e m p e r -  
a ture  of t he  fish, t he  t r ans fe r  of me th ion ine  rose w i th  in- 
increasing t e m p e r a t u r e ,  showing t h a t  the  r egu la to ry  
m e c h a n i s m  was  no t  c o m p e n s a t i n g  fully for t he  rise in 
e n v i r o n m e n t a l  t e m p e r a t u r e .  The  ab i l i ty  of goldfish in- 
t es t ine  to concen t r a t e  me th ion ine  a t  its serosal  surface 
w h e n  i ncuba t ed  at  30 °C showed no dependence  on the  
prev ious  acc l imat iza t ion  t e m p e r a t u r e  (Figure 1, r igh t  
side). The  co r respond ing  d a t a  for valine,  ca lcula ted  f rom 
prev ious  work% show a f inal  serosal  concen t r a t ion  of 22 
m M  for  8°C-accl imat ized in tes t ines  and  15 m M  for  
25°C-accl imat ized in tes t ines ,  when  b o t h  are  i ncuba t ed  
in 10 mJIt-val ine a t  25°C. This  suggests ,  b u t  does n o t  
p rove  conclusively,  t h a t  t he  ab i l i ty  of t h e  goldf ish in- 
t es t ine  to  c o n c e n t r a t e  val ine  is be ing  changed  b y  accli- 
m a t i z a t i o n  to  a h igh  t e m p e r a t u r e  and  t h a t  in th is  r e spec t  
i t  differs  f rom methionine .  

F lu id  t r ans fe r  has  been p lo t t ed  aga ins t  the  serosal  
t r ans fe r  of me th ion ine  in Figure  2. Both  fluid a n d  
me th ion ine  t r ans fe r  were measured  a t  30°C using in- 
t es t ines  t a k e n  f rom fish acc l imat ized  to  d i f ferent  t emper -  
a tures .  The t rans fe r  of f luid was reduced  f ivefold and  the  
me th ion ine  t rans fe r  twofold  for a 22 °C shi f t  in t he  accli- 
ma t i za t i on  t e m p e r a t u r e .  The  regula t ion  of me th ion ine  
t r ans fe r  seems therefore  to  be concerned  p r imar i ly  w i th  
t he  regula t ion  of fluid (and there fore  sodium) t ransfer .  
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Fig. 1. The effect of temperature acclimatization on various aspects 
of methionine transfer across the goldfish intestine. Everted sacs of 
goldfish intestine were incubated for 2 h in bicarbonate saline 
containing 5.5 mM D-glucose and 10 mM L-methionine, gassed with 
95% O, + 5% CO~. 100/~1 of the same solution was placed in each 
sac at the start of incubation. - - -e - -o- - ,  serosal transfer or serosal 
concentration of methionine measured at 30°C; - -o - -o - - ,  serosal 
transfer or serosal concentration of methionine measured at incuba- 
tion temperatures equal to the previous environmental temperatures 

of the fish. Each point gives the mean of 6 determinations. 
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Fig. 2. Effect of temperature acclimatization on fluid transfer across 
the goldfish intestine. Everted sacs of goldfish anterior intestine 
were incubated as described in the legend to Figure 1, at a constant 
temperature of 30°C. e - - e - - ,  serosal transfer of methionine; 
o- -o-- ,  serosal transfer of fluid. Each point gives the mean of 6 

determinations. 

z M. W. SM1Ta and D. MORRIS, Experientia 22, 678 (1966). 
2 D. MORRIS and M. W. SMITH, Biochem. J. 102, 648 (1957). 
8 T. B. MEPHAM and M. W. SMITU, J. Physiol., Lend. 186, 619 

(1966). 
4 H. A. KREBS and K. HENSELEIT, Hoppe-Seylers Z. physiol. 

Chem. 210, 33 (1932). 
5 T. E. McCARTHY and M. M. PAIL,S, Biochem. biophys. Res. 

Commun. l, 29 (1959). 



15.7.1967 Specialia 549 

When the present results on methionine transfer are 
compared with previous estimations of methionine, free 
in the intestinal mucosa and in the extracted protein 2, it 
can be seen that  all 3 levels increase by about  the same 
proportion for the same shift in acclimatization temper- 
ature, implying that  the abili ty of the mucosal cell to 
concentrate methionine determines its own incorporation 
into protein. Methionine is known to piny a critical par t  
in the aggregation of polysomes e and in the init iat ion of 
peptide synthesis ~ and it may act in the goldfish intestinal 
mucosa, in opposition to valine, as a pacemaker for other 
processes involved in the metabolic regulation of cells 
exposed to different temperatures. To reach this conclu- 
sion it has been assumed that  the amounts of methionine 
and valine reaching the outside of the mucosal cell are 
always sufficiently constant  to be ignored as a possible 
factor influencing intracellular e v e n t s .  This si tuation 
applies in vitro but  may not be true in the intact  fish 
where the amount  of food consumed varies with the 
environmental temperature of the fishS. 

Zusamrnen/assung. Es konnte gezeigt werden, dass der 
Methionintransport  im in-vitro-Diinndarmpr/iparat  des 
Goldfischs temperaturabh~ngig ist: 1. Temperatur,  bei 
welcher der Fisch akklimatisiert wnrde, 2. Temperatur,  
bei welcher der Darm inkubiert  wurde. Die Endkonzen~ 
trat ion yon Methionin auf der Serosaseite h~ngt ebenfalls 
yon der Inkubat ionstemperatur ,  nicht aber yon der Ak- 
klimatisationstemperatur ab. Der Flfissigkeitstransport, 
gemessen bei 30 °C, war um das Ftinffache geringer, sobald 
die Akklimatisat ionstemperatur  yon 8 auf 30°C stieg, 
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S t u d i e s  o n  C h e m o t a x i s .  V I I .  C y t o t a x i n s  i n  
R a b b i t  S e r u m  

Using Boyden's technique for measuring chemotaxis, 
the action of substances found to be chemotactic in vivo 
can be analysed in vitro ~. I t  was shown that  antigen- 
antibody complexes are not  chemotactic per se, bu t  exert 
their chemotactic effect by formation of chemotactic 
mediator(s) (cytotaxins) ~ in the serum. Similarly the 
chemotactic effect of other agents such as endotoxins, 
bacteria, tuberculin, glycogen or heat aggregated 7" 
globulins is mediated by cytotaxins formed in fresh 
serum 2. The cytotaxins generated on incubation with 
antigen-antibody complexes are specific for polymorphs ~, 
and appear to differ from cytotaxins from other sources t 
Evidence has been presented that  these polymorph cyto- 
taxins are identical with a complex consisting of the 
complement components C'5, 6, and 75. On the other 
hand, it  has been found that  fixation of hemolytic com- 
plement and formation of cytotaxins may occur indepen- 
d e n t l y t  In  the present study, further data on the 
properties of serum cytotaxins are reported which show 
that  these findings are not mutual ly exclusive. 

The thermostabili ty of polymorph cytotaxin(s) has 
been tested by incubating aggregated bovine y-globulin 
treated rabbit  serum (aBGG) at various temperatures for 
30 rain. The chemotactic activity after heating was then 
calculated from a standard curve established in the same 
experiment with several concentrations of chemotactic 
serum heated to 56°C. The curve given in Figure 1 is 
derived from the mean values of 3 experiments. The data  
show a pronounced loss of activity between 65 and 80 °C. 
A low but  definite activity can still be observed at higher 
temperatures up to 100°C. Whether this remaining 
activity is due to partial inactivation of a single cytotaxin, 
or to the presence of another cytotaxin differing in its 
thermostability, needs further investigation. 

Evidence for the existence of more than one polymorph 
cytotaxin in rabbit  serum has indeed been obtained in 
the following experiments, aBGG or ant igen-antibody 
treated rabbi t  serum was separated on a Sephadex G-200 
column using a 0.1 M Tris-HC1/1.0M NaC1 buffer pH 8,0, 
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Fig. 1. Effect of heating on polymorph cytotaxins  in rabbi t  serum. 
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Fig. 2. Chemotactic ac t iv i ty  of serum fractions eluted from Sephadex 
G-200 (eluant: 0.1 M Tris-HC1 + 1 M NaC1) on polymorphonuclear 

leucocytes. 
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