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Were washed free of any  adher ing  r ad ioac t i v i t y  and  
macerated in a War ing  blender.  The  homogena t e  was 
allowed to s tand for 1 h to allow enzymat i c  hydrolys is  of 
the glucosinolate  to t ake  place.  A few drops of concen- 
t rated hydrochlor ic  acid were then  added  and the  mix tu re  
steam-disti l led,  the  dis t i l la te  being collected in a large 
excess of aqueous  e thanol ic  ammonia .  The  dist i l la te  was 
left at  room t empera tu r e  overn igh t  to comple te  convers ion 
of the  i so th iocyana te  to  benzy l th iourea  (BTU),  and then  
evapora ted  to dryness.  The  residue was recrysta l l ized to 
Constant a c t i v i t y  f rom aqueous  ethanol .  Act iv i t ies  were 
measured in a l iquid scint i l la t ion spec t rometer .  

The results  of t he  feeding exper iments  (Table I)" show 
tha t  bo th  sodium p h e n y l a c e t o t h i o h y d r o x a m a t e  and  so- 
d ium thioglucose appear  to be h igh ly  eff icient  precursors,  

Table I. Incorporation of sulphur containing compounds into benzyl- 
thiourea via thc hydrolysis of non-isolated benzyl ghmosinolate 

Compound Specific BTU % in- Dilu- 
administered activity specific corpora- tion 

#c]mM activity tion ~ ratio b 
#e]mM 

Phenylaceto- 
thiohydroxamate- 1-14C 9.3 1.53 4.0 6.1 
Phenylaeeto- 
thiohydroxamate-aSS 18.8 6.21 4.8 3.0 
Sodium 
thioglucoside-3SS 19.1 9.05 12.9 2.1 

% incorporation = (activity in BTU/activity absorbed by plant) 
x 100. b Dilution ratio = (specific activity of compound adminis- 

tered/specific activity of BTIJ). 

Table II. Incorporation of phenylacetothiohydroxamate into benzyl- 
thiourea via the hydrolysis of crystalline benzyl glucosinolate 

Phenylacetothio- Benzylthio- % incor- Dilution 
hydroxamate-35S, urea, specific poration ratio 
Specific activity activity 
,UclmM flc/mM 

23.2 1.09 0.5 21.3 

a conclusion t h a t  is incompat ib le  wi th  a single mechanism.  
The  apparen t  incorpora t ion  of the  pheny lace to th io -  
hydroxarnate-3~S into benzyl  glucosinolate  was unex-  
pected,  and our  f irs t  supposi t ion was t h a t  t he  th io-  
byd roxamic  acid had decomposed  to  s impler  compounds  
which  were then  incorpora ted  by  the  p a t h w a y  \¥ETTEIZ 
had demons t r a t ed  for sinigrin 6. However ,  the  carbon-14 
labelled t h i o h y d r o x a m a t e  was also incorpora ted .  Ano the r  
possibi l i ty  was t h a t  t he  pheny tace to th iohydroxamic  acid 
unde rwen t  a L6ssen r ea r r angemen t  in the  plant ,  p roduc ing  
benzyl  i so th iocyana te  which was still  present  a t  the  t ime  
of ex t rac t ion  (or t h a t  this decompos i t ion  occurred dur ing 
work-up).  This  possibi l i ty  was inves t iga ted  by feeding the  
p lan ts  wi th  pheny tace to th iohydroxamate -~sS  and iso- 
la t ing  the  glucoside by  the  procedure  of SCHULTZ and 
GMELIN L The crysta l l ine  benzyl  glucosinolate  was hydro-  
lysed by incuba t ion  wi th  myros inase  to separa te  the  2 
su lphur  a toms.  The  i so th iocyana te  was isolated by  s t eam 
dis t i l la t ion as described above.  The  resul ts  are shown in 
Table  I I .  The  low incorpora t ion  and high d i lu t ion  ob-  
ta ined in this expe r imen t  s t rongly  indicate  t h a t  phenyl -  
a c e t o t h i o h y d r o x a m a t e  is no t  a direct  precursor  of benzyl  
glucosinolate.  

We therefore  conclude t h a t  the th ioglucoside  moie ty  of 
benzyl  glucosinolate  is der ived  d i rec t ly  f rom thioglucose.  
This  compound,  which  is no t  a c o m m o n  cons t i tuen t  of 
plants,  p robab ly  arises by t ransfer  of su lphur  f rom one of 
t he  su lphur-conta in ing  amino  acids to glucose s. 

Zusammen/assung. P h e n y l a c e t o t h i o h y d r o x a m a t  und 
Thioglukose  wurden  als m6gliche b iosynthe t i sche  Quellen 
des th ioglukosidischen Schwefela toms in Benzylgluko-  
s inolat  (Glucotropaeolin) ,  dem Senf6Iglukosid der  K a p u -  
zinerkresse (Tropaeolum majus L.) untersucht .  Die ex-  
per imente l len  Ergebnisse deuten  da rau f  bin, dass Thio-  
glukose eine di rekte  Vors tufe  ist, die mi t  einer yon  
Pheny la lan in  abgele i te ten  S t icks to f fverb indung  reagiert .  
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Phosphorylation and Uphill Intestinal Transport 
of Thiamine, in vitro 

The hypothes i s  t h a t  th iamine  m u s t  be phosphory la ted  
by the  j e juna l  epi thel ia l  cells for its in tes t inal  absorpt ion,  
as we suggested in previous  papers  ~,~, has now been 
checked by  some exper iments  in vi t ro,  using x4C-labelled 
th iamine  and aspecific metabol ic  inhibi tors  or  t h i amine  
s t ruc tura l  analogues,  which specifically affect  t h i amine  
phosphoryla t ion .  The  resul ts  we obta ined  by the  ever ted  
intes t inal  sac t echn ique  are  shor t ly  repor ted  here. 

E v e r t ed  sacs (8 cm long) f rom the  upper  small  in tes t ine  
of rats  (X¥istar strain,  100-150 g body  weight) were pre- 

pared  and incuba ted  for 1 h in Krebs-HenseIe i t  solut ion z, 
as we previous ly  described 1. The  ini t ial  concen t ra t ion  of 
thiamine(thiazole-2-14C) hydrochlor ide  (Radiochemical  
Centre,  Amersham,  Eng land ;  specific a c t i v i t y  0.1 mc/1.26 
mg) 4 a t  bo th  sides of the  sacs was 0.2 n3~r/ml and the  

x U. V~NTORA and G. RIN9I, Experientia 21,645 (1965). 
0- G. I(1NDI~ U. VENTURAa L. DE GIUSEPPE, and G. ~CIORELLI, F.x- 

perientia 22, 473 (1966). 
a H.A. KreEBS and K. H~-NSELEIT, Hoppe-Seyler's Z. physiol. Chem. 

33, 210 (1932). 
4 Kindly supplied by Prodotti Roche, Milan. 
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Thiamine pbosphorylation and net transport during intestinal uphill transport of thiamine-laG by everted jejunal sacs of rats". Averages ~: S.E. 

Concentration of No. of Thiamine phosphates in the wall Net transport b 
inhibitors sacs 

(nM/500 mg wet tissue) Inhibition°/o ~ (nM/500 mg wet tissue/h) Inhibi- 
tion% ~ 

None (controls) 20 0.479 q- 0.029 0 0.265 J: 0.020 0 
2,4-Dinitrophenol, 10-~M 12 0.104 J: 0.009 78.3 0.003 ~ 0.001 98.9 
Na fluoride, 10-2M 10 0.162 :t: 0.024 66.2 0.058 :t: 0.009 78.1 
Oxythiamine, 2 • 10-eM 13 0.478 :k 0.031 0.2 0.237 :k 0.016 10.6 
Oxythiamine, 2.10 -~ M 10 0.385 -/- 0.044 19.8 0.235 ~ 0.017 11.3 
Pyrithiamine, 10 -~ M 11 0.148 -t- 0.010 69.1 0.035 :~ 0.007 86.8 
2'-Ethylthiarnine, 10 -s M 12 0.149 q- 0.014 68.9 0.053 :k 0.017 80.0 
2'-Butylthiarnine, 10-~M 16 0.259:1= 0.015 45.9 0.093 ~ 0.010 64.9 

The initial concentration of thiamine-14C at both sides of the sacs was 0.2 • 10-"M. b Net transport ~ the increase of thiamine (nM) in 
the scrosal fluid after 1 h of incubation, expressed on a 500 mg of wet tissue basis, o 20% or less inhibitions are statistically not significant. 

init ial  serosal  vo lume was 1.2 mh At  t he  end  of t he  incu- 
ba t ion  period,  0.5 ml of serosal fluid, d i lu ted  by  wash ing  
wi th  50% e thano l  to 5 ml, was placed on a lumin ium 
p l a n c h e t  and  gen t ly  evapo ra t ed  unde r  an IR- l amp .  The 
sac was  t h e n  homogenized ,  in the  cold, in 0 .5N HC1 
w i t h  a P o t t e r - E l v e h j e m  glass homogenizer .  The  homo-  
gena te  was cen t r i fuged  a t  25,000 g in t he  mu l t i - speed  
a t t a c h m e n t  of a re f r igera ted  I n t e r n a t i o n a l  Centr i fuge,  
mod.  PR-2 .  The s u p e r n a t a n t ,  depro te in ized  wi th  t r i -  
ch loroacet ic  acid (5% final  concen t ra t ion)  and  again  
cent r i fuged,  .was ut i l ized for the  c h r o m a t o g r a p h i c  separa-  
t ion  of t h i a m i n e  p h o s p h a t e s  fol lowing the  s l ight ly  modi -  
fied m e t h o d  of SItARMA and  QUASTEL ~. 0.5 ml  of percola te  
was  p laced  on a p l a n c he t  a n d  evapo ra t ed  as above.  

The  r ad ioac t iv i ty  was d e t e r m i n e d  wi th  a Geiger- 
Miiller gas-f low counter ,  using a micromil  w indow 
(Nuclear, Chicago). The coun t ing  eff iciency was 14 -15%;  
the  error  of the  m e a s u r e m e n t s  was less t h a n  5%. The  
c o u n t s / m i n  of each sample ,  cor rec ted  for  the  background ,  
were conve r t ed  in to  n M  of v i t amins  d iv ided  b y  t h e  
counts / ra in  of a label led t h i a m i n e  s t anda rd .  

The  metabo l ic  inh ib i to rs  and  t h i amine  analogues  were 
ini t ia l ly added  at  b o t h  sides of the  sacs in t he  concen t ra -  
t ion  ind ica ted  in the  Table,  where  all the  resul ts  are sum-  
mar ized.  

As can  be seen, t h i amine  was p h o s p h o r y l a t e d  by  the  
in tes t ina l  mucosa  dur ing  uphil l  t r a n s p o r t  in vitro.  The  
aspecific metabo l ic  inh ib i to rs  (2, 4 -d in i t rophenol  and  Na  
fluoride) grea t ly  r educed  b o t h  ne t  t r a n s p o r t  and  phos-  
pho ry l a t i on  of th iamine ,  the  fo rmer  being more  af fec ted  
t h a n  the  la t ter .  On the  o the r  hand ,  t he  effect  of t h i am i n e  
s t ruc tu ra l  analogues  (oxyth iamine ,  py r i th i amine ,  2'- 
e t h y l t h i a m i n e  and  2"-butyl thiamine)  on t r a n s p o r t  was  
re la ted  to  t he i r  ac t ion  on t h i amine  phospho ry l a t i o n :  
those  analogues  which  depressed t h i a m i n e  phosphory l a -  
t ion  also inh ib i ted  t h i amine  uphi l l  t r anspor t ,  t he  ac t ion  
on the  t r a n s p o r t  being a p p r o x i m a t e l y  p ropor t iona l  to 
t h a t  on phosphory la t ion .  

In  fact ,  o x y t h i a m i n e ,  which  does no t  a f fec t  t h i ami n e  
p h o s p h o r y l a t i o n  b y  in tes t ina l  mucosa  ~ and  does no t  in- 
h ib i t  t h i aminok inase  pur i f ied  f rom l iver  7, af fec ted  ne i the r  
t h i amine  p h o s p h a t e  c o n t e n t  nor  t h i a m i n e  t r a n s p o r t  in 
our  exper iments .  On the  cont ra ry ,  py r i t h i amine ,  a s t rong  
inh ib i to r  of t h i amine  p hospho ry l a t i on  by  in tes t ina l  t issue 6 
as well as of pur i f ied t h i aminok inaseL  and  2 ' -e thyl -  
t h i amine  s and  2 ' -bu ty l th i amine" ,  b o t h  inh ib i to rs  of 
t h i aminok inase  ~, all a t  t h e  same molecular  concen t ra t ion ,  
lowered t h i a m i n e  p h o s p h a t e s  in t he  t issue,  g rea t ly  re- 

duc ing  meanwhi l e  t h i a mi n e  uphil l  t r anspo r t .  I t  is no te -  
w o r t h y  t h a t  t he  lack of ac t ion  of o x y t h i a m i n e  was ob- 
t a ined  wi th  concen t ra t ions  which  were 2 and  20 t imes  
g rea te r  t h a n  those  effect ive for o the r  analogues.  

Since none  of the  t h i a mi n e  s t ruc tu ra l  analogues  had  
a n y  effect  on the  glucose uphi l l  t r a n s p o r t  in eve r t ed  in- 
t e s t ina l  sacs, as we found  in some sepa ra t e  expe r imen t s ,  
the i r  ac t ion  on  t h i a m i n e  t r a n s p o r t  m u s t  be cons idered  to  
be specific. 

In  conclusion,  t he  resul ts  here  r epo r t ed  ind ica te  t h a t  
t h i a mi n e  was p h o s p h o r y l a t e d  dur ing  uphil l  t r a n s p o r t  b y  
over fed  in tes t ina l  sacs and  t h a t  the  inh ib i t ion  of phos-  
phory la t ion ,  ob t a ined  wi th  me tabo l i c  inh ib i to rs  or w i t h  
t h i a m i n e  s t ruc tu ra l  analogues,  a lways  r educed  t h i a m i n e  
uphi l l  t r anspor t .  This  is good ev idence  t h a t  t h i a m i n e  
p h o s p h o r y l a t i o n  is a basic m e c h a n i s m  for t h i a mi n e  in- 
t e s t ina l  t r anspor t .  However ,  the  fact  t h a t  the  net  t rans -  
po r t  was a lways  more  inh ib i t ed  t h a n  t h i a mi n e  phos-  
pho ry l a t i on  (see Table) suggests  t h a t  t h i amine  phos -  
p h o r y l a t i o n  m a y  no t  be t h e  sole m e c h a n i s m  involved .  
Some e x p e r i m e n t s  now in progress  are  d e v o t e d  to  inves t i -  
ga t ing  th is  po in t  9 

Riassun¢o. L' impiego  di tiamina-14C, con la tecn ica  dei 
sacche t t i  rovescia t i  di in tes t ino  di ra t to ,  ha  pe rmesso  di 
d imos t r a r e  che, d u r a n t e  il t r a s p o r t o  cont ro  g rad ien te  in 
vi t ro ,  la t i a mi n a  v iene  fosfor i la ta  dat  t e s su to  in tes t ina le .  
Gli in ibi tor i  metabol ic i  e gli anak)ghi  s t ru t tu ra l i  del la  t ia-  
mina  che ne inihiscono la fosfori lazione del par i  ne  r idu-  
cono il t r a spo r to  ne t to .  Ci6 d imos t r a  che il t r a spo r to  
in tes t ina le  del la  t i a mi n a  ~ s t r e t t a m e n t e  connesso con la 
sun fosforilazione. 
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