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Thiamin biosynthesis. I1". A novel biosynthetic transformation of the 
S-methyl moiety of methionme 

In the biosynthetic pathways which have been uncovered in tim past one or 
two decades, methionine (as S-adenosylmethionine) is generally observed to function 
as a methyl group donor. With respect to the b ios~thes is  of thialnil~ (I), however, 
evidence42 has been accumulated which suggests that methionine may be incorpo- 
rated as a unit into the thiazoh', ring systeln and that the methyl carbon of methionine 
may become the C-z of the thiazole ring. We have uncovered further evidence, based 
upon degradation studies which suppnrts this conclusion that  the methyl group of 
methionine becomes the C-2 of the thiazole ring. 
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"File degradation scheine developed in our laboratories is sinlilar to that recently 
reported by LINXETT AN}.) V~:ALIiER 3. Thiamin (l) was reduced to the tetrahydro 
derivative (II) by the action of cold aqueous sodium borohydride at a pH of 7.5 -8.o. 
Bisulfite. cleavage of I I  gave tile pyrimidinesulfonic acid (ill) and 4-methyl-5- 
(fl-hydroxyethyl)-thiazolidine (IV) 4. C-2 of the thiazolidine ring was isolated as the 
dimedone derivative of formaldehyde. (V) when IV was warmed (8o °) with an aqueous 
ethanol solution of dimedone and a catalytic amount of piperidine. The yield of V 
based on thiamine was generally 15-2o %. All structures were substantiated by com- 
parison with the literature and by nuclear magnetic resonance spectroscopy. Degra- 
dation of [tl~iazole-2-~4C_thiamin gave V with at least 8o % of the activity of the 
original thiamine. 

In contrast to previous experiments 2, we exposed Bacillus sublilis (ATC(; 6633) 

* P a p e r  N o .  I in  t h i s  s e r i e s :  see  re f .  2. 
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t{} the is(}t{}])ic label for an  cx tePded  durat i{m {}f tiu]e. SSncc wc h ; d  prt;viimsiy den~;;> 
s t ra ted  t l la t  . l le -~4Cmeihi{}ninc  is {'ffectivelv incorpora ted  ini{} kiliamin using flu 
techniqu.e of "pu l s e "  la})eli:lg 2, we {'{)ul{1 bc rt~as()nal}l\ sure tha t  our  resuhs  v,{}uhl 
no t  be s igni f icant ly  {list{}rt{~{t due t,)m{~tab{)]i{: ralld{}miza~i{m. Tiffs \v<}uld l)e {'speciaii 3 
tl'IlC if tile de,e,radation .-.hewed a spec[ih: h.}calizati{}n {~,f the  is():%)e. 

Gr{}wtil {:{}nditi{m~ for cu l tures  of 1~. szebtz/is arm the pr{)('cdur{~s for the is{)la:ion 
and  purificati{)n {}{ the  th iamiP  were the Salne ,is descr ibed i.)|evi,,}usly ":. In  l:2xpt, r 
(Table I), {/<)rnpound I I was c()rlverted t{> its dihvdrobr<}:,uide whh':h was re{:rvstallized 
to con.atant specific a c t i v i t y  (-:. re  % ! fr(}P,3 c t imnol  (}r el lmn(}l -et i~er. The ]Triilq{[ine 
([II)  was isolated frolll the l}isulfite cleaviig~ and  its specific act i v h v  (tet<-;ni:led after  
purificatiop,. This  va lue  was then sut}t,-aete{t fr{m~ the  value  for die  specific a (q iv i tv  
of the  dihv{hol)r(mnide of II t(; gi\ 'c the st)ecifi(: a{-tivity {)f the th{az{~le ( \ I ? .  !u 
Exp t .  2, the  sample  was d iv ided  in to  three porthm.~. ()he t){}rtion was subje(:tc{i to} 
the bi.~ulfite, cleavage,  an d  the  tlfiazc)le was t.mrified b y  {'hr(mlat{}graphy Pnd {ts 

specific a c t i v i t y  de te rmined .  The  r e m a i n i n g  tw{} t}{}rti{)ns were ea('ll degraded a{'- 
cord ing  to the above  si 'heme. In  all degrada t ions ,  the  {iiln,~d,)~ie de r iva t ive  (V 5 was 
recrvs ta l l ized t{~ {(}nstant specific a( ' t iv i tv  (..:72 5 %) fr(}m ethan(}I-war{,r.  

These resul ts  dem{}nstrate t ha t  C ~ (}f the thiazole r ing o! thian'..in : 'an der ive  
fr{)m tile meth \ ' l  ca rbon  c)f methi{}nin< It] :~{tdition, til{:\ i ud i r e r t l v  reiF~f{}r{:c the 
earl ier  COrl{:]tl:Si(}P, 2 t ha t  -),]e.~4(2, :qt mclhi{;ninc suppEes Iri,rhllll t{} t}w ~-¢P71){}1l t~f 
the /~-hydr(}xyethyi  side chain,  a I)(}int {}f evide'2ce whici~ indica tes  tl:e t)articil}ation 
{if the  en t i re  metiii{miTm ".,uoiecule in the bi{}svnthesis ,)f the  thiaz{}l< 

Us ing  S a c c h a r o m y c c s  ccrc i ' i s iac ,  LINNi.:TT AXi} XVA~.K.~:V'; have found tha t  b~}th 
(2-'4(;[gly{:ine and  ~(T i£ormate ;ire m:}r{: effective pre{:u:sora {}f th{~ tIiiaz{}!e moie ty  

t h a n  is :3Ie-'~{" methi{mine.  "i'hev l]ax-c fur ther  shown tha t  74 % {>f :he label lc{:.l} 
i2-1W_gly{:ine resides in tile e-posi t ion {}f t h e  t l f i a z ( } [ e  whilst n{'arlv all of tim label 
fl{}lll [1"t(7 f{lrlli~.lte is iYl s{)ill{? {}til{:r p{}sit ion(~). E v e n  th<}ugh their  lin{li~]gs with Ps>{ {:t 
t o  tile cffc.ctiveness {}£ f{}rmate as a !)rc{:nrsur t') the  zifiaz{}!~' differ umrked]v  will= 
tile r{?or t s  {}£ {)tiler invest igators ' ,e ,a ,  '; an(t whih '  the l){)ssibility <>f differing i)i,',- 

s y n t h e t i c  p a t h w a y s  does exist ,  we, p, evertimle.%, believe t ha t  the results,  ol~tained 
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All c o u n t i n g  wits peril}treed usi:L'.' either a Nucicai" (7hicago Mark t or a t'ackard 'I'ri-(ii}.rb ii<[u~,d 
scintillation colmter using a toluc;:c flu{}r. 1.2!]i,ciencies were {-al{:ulatc{l from bc}th chanm..ls ratio 
and the external sum{lard ITl{!th{}(], <. 

1£::/31. L)oxc .TIc.UC 51~!;!i<>7~;.]ie 
No. {m(') specific acl&'Hy 

(mC. mm,,l:) 

t . \  o. 5 -I o 
t B  

2: \  0. 4 57 
2B 

Specific ac!~vi:tcs ?."o i~(: a/ 
'flz.,'h~t..'mM p~r :tn~v!,'~ .: p:::dio~,~ 

.... of th iazc}[e 
l l  V 

3~.] 32.8 90 
3-;.3 22-3 {}5 * 

~-4 7 .8 (k ~, 
8.4 7.8 o3 

• Wc cannot accounl for this allc>iYla[otls v;thlc ~2XCCF, t I[o Say  it nm.V bc the result of an 
e r r o r  i l l  s a l I l p ] e  a n a l y s i s .  

Hie, c/din. L~i. /;hy~ 4c/a x-~S (19uSi 18:; ~'>5 
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in our hands and elsewhere, are not necessarily contradictory but may  simply reflect 
the active participation of formate and glycine in numerous metabolic pa thways  
coupled with the inherent differences in the organisms under investigation. Experi- 
ments are being conducted in this laboratory in order to resolve these apparent  dis- 
crepancies as we.ll as other problems of thiamine biosynthesis. 
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Kinetics of the fluorescence response to microelectrophoretically introduced 

metabolites in the single living cell 

Microfluorimetric studies have revealed the specific responses of mitochondrial  
and extramitochondrial  pyridine nucleotides to microelectrophoretically introduced 
metabolites 1. In these experiments, the fluorescence recordings corresponded to 
s teady-state  levels, as there was a Io-2o-sec tirne lag, due to performance of cell 
manipulat ions under visible light and change from visible light to ultraviolet light. 
"1"o s tudy the kinetics of pyridine nucleotide oxidat ion-reduction,  a Chance-I.egallais 
mierofluorimeter 2 supplemented with a beam splitter was developed for tluorescence 
recording s}mchronous with cell manipulations a (Fig. I). The mirror used to reflect 
light towards the ocular was replaced by a beam splitter (type Filtraflex-DC, trans- 
mission 9o go below 57 ° m/~, less than 5 % over 65 ° m/x, courtesy of Balzers, Lichten- 
stein). Thus, red light (for cell and microinstrument visualization) is reflected towards 
the ocular, while the blue light emitted by' fluorescent intracellular structures goes 
through to the photocathode a. 

Although a variety of cell types has been used successfully in the microfluori- 
meter, for both mitoehondrial  and extramitochondrial  studies t, the highest fluo- 
rescence levels so far recorded correspond to the glycolytic response of the EL2 gianO, 
obtained by X-irradiation of ascites (:ells Jn culture. Mixtures containing fructose 
1,6-diphosphate (Fru-l,6-P.,) and/or glucose 6-phosphate (GIc-6-P) were therefore 
introduced into the cytoplasm of EI.2 giants by microelectrophoresis. 
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