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23 APs  f rom 1.31 m m  (mean, range 0.81-2.00) to  0.36 m m  
(range 0.14-0.66). R 0 was increased in 8 out  of these  9 
cases, a l though  R 0 should be u n d e r e s t i m a t e d  because of 
the  progress  of uncoupl ing  wi!l increase the  leakage cur- 
r en t  f rac t ion  of the  appl ied cu r ren t  pulse. A t e n t a t i v e  
calcula t ion of ri f rom ,~ and  R 0 revealed t h a t  i t  was in- 
creased b y  abou t  10 t imes  by  Sr APs. The increase of ri is 
considered to ref lect  the  increase of intercel lular  coupl ing 
res is tance.  
[Na]o was  essent ia l  to  the  recovery  of coupling ob ta ined  
by  no rma l  Tyrode  perfusion,  since similar  recovery  was 
no t  ob ta ined  b y  Ca-containing,  Na-free Tyrode,  b u t  by  
Ca-deficient ,  Na-con ta in ing  Tyrode.  Tile uncoupl ing  in- 
duced by  e lec t rophore t ica l ly  in jec ted  [Nail 3 and  the  

recovery  of uncoupl ing  by  [Na]o are usual ly  expla ined by  
assuming  t h a t  the  N a - C a  exchange  sys tem,  which  t rans -  
por t s  Sr as well as Ca, pa r t i c ipa tes  in the  regulat ion of 
[Call and  [Sr]i 1~ 
The p resen t  uncoupl ing  by  Sr A P s  could be due to  the  
high [Sr]l p roduced  b y  large Sr current ,  p r e sumab ly  by  
slow up take  of Sr b y  int racel lular  s tores  and  by  decreased 
Sr eff lux under  Na-free  condi t ion.  A l though  the  coupling 
under  normal  condi t ion  is high,  i t  m i g h t  be var iable  de- 
pend ing  on [Ca]i which  is de t e rmined  by  Ca current ,  Ca 
stores and  N a - C a  exchange  sys tem.  

10 H. Reuter and N. Seitz, J. Physiol., Lond. 795, 451 (1968). 
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Summary.  In  b io t in -def ic ien t  rats ,  a decreased in tes t ina l  t r a n s p o r t  of Na +, H~O and  L-phenyla lan ine ,  and no t r anspo r t  
differences of 3-O-methyl-D-glucose  were observed.  The lower Na + and  L-pheny la lan ine  t r a n s p o r t  appears  to be 
referable to  a decreased energy  avai labi l i ty  and  p ro b ab l y  no t  to  the  lack of a carrier.  

I t  has  been  d e m o n s t r a t e d  t h a t  incorpora t ion  of amino  
acids into p ro te ins  of liver, in tes t ina l  mucosa,  pancreas  
and skin in vivo and  in vi tro,  is ma rked ly  decreased in 
b io t in  deficiency,  and  t h a t  a single inject ion of b io t in  to  
t he  b io t in  def ic ien t  r a t s  s t imula tes  amino  acid incorpora-  
t ion,  b o t h  in vivo and  in vi t ro ,  more  t h a n  2fold1-8 The 
eva lua t ion  of the  amino  acids incorpora t ion  in to  l iver 
p ro te ins  in vivo and  in vi t ro  indica ted  t h a t  the  synthes is  
of some pro te ins  was h ighly  s t imula ted ,  while the  syn-  
thesis  of o the r  p ro te ins  was no t  s t imula ted  at  all2: such a 
specif ic i ty  has  a l ready  been  descr ibed 4,5. The b io t in-  
med i a t ed  s t imula t ion  was  suppressed  following t r e a t m e n t  
w i th  inh ib i tors  of p ro te in  or R N A  synthesis ,  like puro-  
mycin,  e th ion ine  or ac t inomyc in  D. The effect  of b iot in  
on pro te in  syn thes i s  was preceded  b y  a s t imula t ion  of the  
incorpora t ion  of orot ic  acid into nuclear  and r ibosomal  
RNA,  as ear ly  as 2-4 h a f te r  b io t in  t r e a t m e n t .  In  t he  
presence  of nuclear  R N A  from b io t in - t r ea t ed  ra ts ,  h igher  
levels of amino  acids incorpora t ion  by  no rma l  r a t  l iver 
r ibosomes,  if com pa red  wi th  t he  incorpora t ion  in the  
presence  of s imilar  R N A  isolated f rom bio t in-def ic ien t  
rats1, were ob ta ined .  F u r t h e r  evidence  suggests  t h a t  the  
syn thes i s  of o the r  R N A  frac t ions  is s t imula ted  by  
b io t in  e-8. 

Table 1. Sodium, water and L-phenylalanine transport: values ob- 
tained from everted intestinal sacs of normal control and biotin- 
deficient rats 

Groups Transport 
Water Sodium L-phenylalanine 
(ml/g-1 h-l) ([xmoles/g -1 h -1) ([xmoles/g -1 h -1) 

Normal rats (6) 6.34 i 1114 911 q: 165 62.2 4- 7.5 
Biotin-deficient 3.27 4- 0.94* 470 4- 137" 43.3 q- 10.7" 
rats (7) 

Incubating fluid: Krebs-Henseleit bicarbonate (pH 7.4) + 10 mM 
L-phenylalanine. 
Numbers in parenthesis indicate the number of animals. Values are 
expressed as mean + SD. * p < 0.001; significant difference from 
normals (Student's t-test). 

In  biot in  deficiency, the  energy  p roduc t ion  is impai red  
by  decreased ut i l iza t ion of glucose and by  decreased 
ox ida t ive  phosphory la t iong ;  also the  lipid co n t en t  of 
mi tochondr i a  is s ignif icant ly  decreased% The liver ace ty l  
CoA carboxi lase  ac t iv i ty ,  as well as t he  in vivo incorpora-  
t ion  of acetate-1-14C into  liver phosphol ip id  f ract ion of 
b io t in-def ic ient  rats ,  was less t h a n  50% of normal  levels. 
The cholesterol  syn thes i s  is also a l tered  1~ The bio t in-  
def ic ient  ra t  l iver mi tochondr i a  showed decreased phos-  
phory la t ion  efficiency and  poor  r e sp i r a to ry  control ,  as 
compared  to no rma l  ra t  l iver mi tochondr ia ,  when  
NAD+-l inked subs t r a t e s  were oxidized.  No difference 
be tween  b io t in-def ic ien t  and no rma l  r a t  l iver mi tochon-  
dria  in b o t h  the  pa rame te r s  referred  to above were seen 
when  succinate  was the  subs t r a t e ;  such resul ts  indicate  
t h a t  the  observed  loose coupl ing was localized at  
si te I n ,  12 The locus of damage  in energy  conserva t ion  is 

1 K. Dakshinamurti and S. Litvak, J. biol. Chem. 245, 5600 (1970). 
2 R.L. Boeckx and K. Dakshinamurti, Proc. Can. Fed. Biol. Soc. 

15, 200 (1972). 
3 R .L .  Boeckx and K. Dakshinamurti, Biochem. J. 140, 549 

(1974). 
4 K. Dakshinamurti and C. Cheah-Tan, Archs Bioehem. Biophys. 

127, 17 (1970). 
5 K. Dakshinamurti, L. Tarrago-Litvak and H. C. Hong, Can. J. 

Bioehem. d8, 493 (1970). 
6 F. Petrelli, G. Marsili and G. Centioni, Boll. Soe. it. Biol. sper. 

49, 1332 (1973). 
7 R.L.  Boeekx and K. Dakshinamurti, Biochim. biophys. Acta 

383, 282 (1975). 
8 F. Petrelli, G. Marsili and P. Moretti, Biochem. exp. Biol., in 

press. 
9 K. Dakshinamurti, V. V. Modi and S. P. Mistry, Proe. Soc. exp. 

Biol. Med, 127, 396 (1968). 
10 K. Dakshinamurti and P. R. Desjardins, Can. J. Biochem. d6, 

1261 (1968). 
11 K. Dakshinamurti, M. A. Sabir and C. Bhuvaneswaran, Archs 

Biochem. Biophys. 137, 30 (1970). 
12 C. Bhuvaneswaran and K. Dakshinamurti, Archs Biochem. Bio- 

phys. 142, 665 (1971). 
13 C. Bbuvaneswaran and K. Dakshinamurti, Int. J. Biochem. 5, 

819 (1974). 



1190 Specialia EXPERII~NTIA 33/9 

a t  site I and re la ted  to the  syn thes i s  of the  h igh-energy  
in t e rmed ia te  r a the r  t h a n  to  its ut i l izat ion 12. F u r t h e r  
evidence suggests  t h a t  t h e  damage  is a t  the  energy  con- 
se rva t ion  site 1 la 
In  the  chick liver, the  b io t in  def ic iency resul ts  in a de- 
crease in t he  incorpora t ion  of 3~p into R N A  and  DNA 14. 
In  view of the  effect  of b iot in  def ic iency on pro te in  syn-  
thesis ,  l ipogenesis,  glucose me tabo l i sm and ox ida t ive  
phosphory la t ion ,  we inves t iga ted  the  poss ibi l i ty  of a rela- 
t ion  be tween  b io t in  and the  in tes t ina l  t r a n s p o r t  of Na +, 
H,O,  L-pheny la lan ine  and  3-O-methyl-glucose.  
Mater ia l s  and  methods. Sprague-Dawley  female rats ,  
average  initial  weigh t  45 g, have  been utilized. Biot in  
def ic iency was ob ta ined  by  feeding a die t  free of b iot in  
and  wi th  avidin a d d e d  (Gy6rgy and Rose). Control  ani- 
mals  received the  same die t  and  in add i t ion  i.p. in ject ions  
of aqueous  solut ion of b io t in  (200 ~g/ra t  day).  
Fol lowing 12 h fas t ing and  s.c. N e m b u t a l  admin i s t r a t ion  
(10 mg/100 g b.wt) ,  a 10 cm long t r ac t  of j e junum,  
s t a r t ing  f rom abou t  15 cm f rom the  pylorus ,  was r emoved  
and  ever ted  according to  Wilson and Wiseman  techn ique  15. 
One e x t r e m i t y  was t ied  up, t he  o ther  was connec ted  wi th  
a glass cannula  and  2 ml of serosal solut ion were intro-  
duced  in to  the  in tes t ina l  sac. This was d iped in to  50 ml 
of mucosal  solut ion gassed wi th  a mix tu re  of 95% Os and  
5% CO2; following 5 min p re incuba t ion  the  p repa ra t ion  
was incuba ted  30 rain a t  28 ~ The mucosal  med ium was:  
50 ml  Krebs -Hense le i t  b ica rbona te  16, p H  7.4, added  wi th  
L-pheny la lan ine  (10 mM) and  L-pheny l  (2, 3-8H) alanine 
(0.5 ~Ci/ml), or w i th  3-O-methyl -D-g lucopyranose  
(5.55 raM) and 3-O-methyl-D-(1-3H) glucose (0.5 ~Ci/ml); 
t he  same solut ion used as mucosal  medium,  b u t  wi th  
(14C) po lye thy lene  glycol (0.2 txCi/ml) added,  was ut i l ized 
as serosal  medium.  

Table 2. Sodium, water and 3-O-Methyl-D-glucose transport: values 
obtained from everted intestinal sacs of normal control and biotin- 
deficient rats 

Groups Transport 
Water 

(ml/g -1 h-~) 

Sodium 3-O-methyl-D- 
glucose 

([zmoles/g -~ h -1) (~moles/g-Z h -1) 

Normal rats (6) 6.63 4- 0.91 969 4- 161 119.9 4- 11.4 
Biotin-deficient 4.42 4- 0.96* 635 4- 1 3 8 "  132.84-12.8 NS 
rats (7) 

Incubating fluid: Krebs-Henseleit bicarbonate (pH 7.4) +5.55 mM. 
3- O-Methyl-D-glucose. 
Numbers i n parenthesis indicate the number of animals. Values are 
expressed as mean 4- SD. * p < 0.01; significant difference from 
normals (Student's t-test). NS: No significant difference from 
normals. 

Table 3. Sodium, water and L-phenylalanine transport: values ob- 
tained from everted intestinal sacs of normal control and biotin- 
deficient rats 

Groups Transport 
Water Sodium L-phenylalanine 
(ml/g -1 h-I) (~tmoles/g -1 h -1) ([J.moles]g-1 h -1) 

Normal rats (6) 6.334-0.20 9084-150 59.7=t=6.5 
Biotin deficient 6.364-0.38NS 913+170NS 62.34-9.9NS 
rats (7) 

A t  the  beginning and a t  the  end of the  incubat ion ,  the 
r ad ioac t iv i ty  of the  mucosal  and  of the  serosal  med ium 
was de t e rmined  by  means  of a l iquid scint i l la t ion counter  
Nuclear-Chicago mod.  725 ; scint i l la t ion fluid : 4 g of PPO,  
300 mg of P O P O P ,  700 ml of to luene  and 300 ml of 
methylcel losolve.  The ne t  in tes t ina l  t r a n s p o r t  of water  
was  eva lua ted  on the  basis of the  di lut ion of the  (14C) 
po lye thy lene  glycol in the  serosal  f luid;  t he  water  
t r a n s p o r t  was referred to  1 g of d ry  in tes t ina l  t issue and 
to  1 h (ml g-1 h- l ) .  
The ne t  in tes t ina l  t r a n s p o r t  of Na + was eva lua ted  from 
the  concen t ra t ion  in the  incuba t ion  med i u m (143,5 mM) 
and  f rom the  t r a n s p o r t  of water ,  since the  t r a n s p o r t e d  
fluid is isotonic.  The ne t  t r a n s p o r t  of L-pheny la lan ine  and 
3-O-methyl-D-glucose  was calcula ted f rom the  following 
re la t ion : 

(Vf �9 Cf - V i . Ci) �9 2 
P ---~ ~moles g t h-1 

Vf and  Vi: serosal  fluid amo u n t s  eva lua ted  a t  t he  end and 
at  t he  beginning  of the  expe r imen t ;  Cr and  Ct: concent ra-  
t ions  eva lua ted  in tile serosal fluid a t  the  end and  at  the  
beginning  of t he  expe r imen t ;  P:  d ry  weigh t  of t he  intes- 
t ina l  t r ac t :  a t  the  end of the  exper iment ,  the  in tes t ina l  
t r a c t  was wiped  wi th  fil ter paper  and  dryed  by  hea t ing  
(100~ unt i l  co n s t an t  weight  was ob ta ined .  
Resul ts  and discussion. The expe r imen t s  were carried out  
in order  to ver i fy  t he  possible exis tence  of a re la t ion be- 
tween  biot in  and  the  in tes t ina l  t r a n s p o r t  of Na  +, HzO, 
L-pheny la lan ine  and 3-O-methyl-D-glucose.  

The d a t a  of t ab le  1 d e m o n s t r a t e  t h a t  b io t in-def ic ien t  rats,  
as compared  wi th  no rma l  control  rats ,  show a decrease in 
in tes t ina l  t r anspor t ,  s ta t i s t ica l ly  s ignif icant  (p < 0.001), 
of Na  +, H20 and  L-phenyla lan ine .  
Table  2 indica tes  t h a t  be tween  the  b io t in -def ic ien t  and 
no rma l  contro l  ra t  in tes t ine ,  no t r a n s p o r t  differences of 
3-O-methyI-D-glucose  can be observed ;  tile d a t a  demon-  
s t ra te ,  as prev ious ly  descr ibed (table 1), a decreased Na + 
and  H ,O t r anspor t ,  b u t  wi th  smaller  s ta t i s t ica l  significance 
(p < 0.01). 
The da t a  of table  3 relate  to in tes t ina l  Na +, H20 and 
L-pheny la l an ine  t r a n s p o r t  in the  presence  of D-glucose 
(5.55 mM). Such d a t a  show t h a t  t he  add i t ion  of D-glucose 
to Krebs -Hense le i t  b i ca rbona te  solution,  res tores  Na +, 
HzO and  L-pheny la lan ine  t r a n s p o r t  values of deficient  
ra t s  to  the  values  of normal  contro l  ra ts .  The lower Na+ 
and  L-pheny la lan ine  t r a n s p o r t  observed  in biot in-def i-  
c ient  r a t  in tes t ine  appears  to be referable  to a decreased 
energy  avai labi l i ty  and  p ro b ab l y  no t  to  the  tack of a car- 
rier. Such an hypo thes i s  is suppo r t ed  f rom the  da ta  
referred  in table  3, showing t h a t  Na + and  L-phenyla lan ine  
in tes t ina l  t r a n s p o r t  of b io t in -def ic ien t  ra ts  reaches  the  
same values observed  in normal  cont ro l  animals  when 
D-glucose has  been  added  to t he  incuba t ion  medium.  The 
normal  values  of the  t r a n s p o r t  of 3-O-methyl-D-glucose,  
in def ic ient  rats ,  could be expla ined  if it  is accepted  t h a t  
t he  act ive  out f low mechan i sm at  the  level of the  serosal 
side of the  in tes t ina l  ceils 17-19 is more  efficient  t h a n  tile 
ac t ive  t r a n s p o r t  mechan i sm of Na + and  L-phenyla lanine .  

14 

15 
16 

Incubating fluid: Krebs-Henseleit bicarbonate (pH 7.4) + 10 mM L- 17 
phenylalanine and 5.55 mM D-glucose. 
Numbers in parenthesis indicate the number of animals. Values are 18 
expressed as mean 4- SD. NS : No significant difference from normals 
(Student's t-test). 19 
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