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CHEMICAL AND BIOCHEMICAL STUDIES 
OF THE t&CTOBAO;tL&,US BULGARICUS FACTO!t 

INTRODUCTlOI 

Early in 1949 Williams !! .!!• (1.5) reported the dis• , 

covery or an \Ulident1f1ed growth taotor .fo~ Lactob~c1llue 

bsl;s.,icg• and teact,ob~c111u.s b.e&veticu~,. to which tbe7 

ascribed the name Lactobat111}&&; ..,.bul~g_,ar:;;.;:i;.::C,.;:;u;;:o.a· Factor ofl 

'"LBF" • Snell et .fl... (14) late~ t:raced the atruct~e or 
LBF aa 1-panto~enrlmercaptoe~hJlamine, They synth~sized 

1t by an ._onolytic conden,.~t1on between methylpantocr 

tbenate and 2-am.inoethy.lmex-capte~ From its ab111t7 to 

e.xiat aa a tr•e thiol or a disulfide· the names pantethein.e 

and pantethine were proposed ( 1n conformance w1th the nome~ 

clatu.t-e of cysteine and cystine)~ 

Prior en&Jlllatic studies (lOJ 4) of pantethine had 

revealed th&t it contained "bound" pantothenic acid and 

that it was related to. a product formed when coenzyme A is 

treated with intestinal phosphatase. Craig and Snell (5) 

have summ~1zed the relationship of coenzyme A and pante­

thin•., OoenzJllle A bas been found to be a large molecule 

containing 22-2~ bound pantothenic acid , (2; 7). It is 

appmaently a dinucleotide wh1oh will probably be rather 

difficult to synthesize by Chemical means. Its isolation 

is also tedious trom natural sources. Since this coenzyme 

has been found to participate in a •ariety of metabolic 
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reactions ot fundamental importance to lite processes~ ita 

preparation in liberal quantities ia highly desirable~ 

One might hope to obtain a biochemical synthesis where a 

precursor such aa pantethine is added to the basal medium• 

•1nce LBF haa been enzymatically converted to coenzyme A tn 

a yield ot 25% in 2 hours by Kb.lg and Strong ( 8) • 

:Attempts .to prepare a large quantity ot p~tethine by 

the method ot Snell et al. (14) resulted in variable--. 
~ielda and ot inconsistent p~1ty. The method involves a 

protracted chl'iomato~aphic aeparation and ita ~plication 

to larg• scale a~thesia was not considered feasible, 

Other methods were· therefore S> ught which would produce 

better yields ot pantethin • 

Recently, Baddiley and Th•1n (1) have described 

methods tar the preparation ot s.acetyl derivatives ot. 
2-aminoethylmercaptan, includ1~ the condensation product 

with w...acetyl- 0> -alanine~ Because ot the lmown ease of 

coupling ot pentoyl lactone wi th r •alanine (16), it ap­

peared tl:iat the condensation ot ~-alanine with 2•amino­

ethylmercaptan might be effected, and that this product 

might then tie combined W1 th pantoyl lactone to produce 

LBF. The peptide ot ~-alanine and 2-aminoeth7lmerc~tan 

ia hereafter called " ~ -ale theine", 111 d its dimeric 

dehydrogenation product, " ~ -alethine" , trom their struc­

tural relationships to pantetheine and panteth1ne. 
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The method ot synthesis for LBF 1«>uld thus be: 

IH3 (liquid) 

The microbial behavior or {5-aletheine as well aa the 

crude pantethine made by- the p:Nsent method wu 1nvest1.. 

gated. 
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EXPBRIMEBTAL 

OhemiefJ.• 

Carbobenzou chloride. The procedure of Be!'gmann ( 3) 

was used. 

Cu-bobenzoq- ~ •alWQfh The synthesia by Sit'tered 
• 5 . ·­

and clu Vign,eaud (14) , waa employed with the exoeptton that 

pure ~·alanine :rather than aucc1n1mide was the starting 

material~ .' 

Cpbgbenzogi"' ra •alanzl ch.Jgride, The method ot Dyer 

and Ballard (6) waa used to prepare an ethe;r solution o'l 

this compound, whiCh was immediately used in the next step 

ot the synthesie '~ 

Q.arbobenzg?SY• fl.al.eth~ne. Two and six tenths g. ot 

2-aminoethylntercaptan were dissolved in ·40 m~. water and 

cooled at go o. Concentrated sodium hydroxide solution was 

add•d until the mixture was alkaline to pH ~1~12~ then the 

ethe~ $olution ot carbobenzoxy~ ~-alanylehlorlde, prepared 
) 

trom 10 g~ carbobenzoxy- ~ ~alanine~ was added in small 

portions vi th constant stirring. The pH was maintained at 

11 to 12 throughout the l"eaction. ' Atter Ul the acid 

chloride had been added, stirring W&S OGn·ttnued :for 1.$ 

minutes; then the product which had risen to the surtac• 

was removed by :r11trat1on, washed with water, and 



recrystallized from 95% ethano~. Yield 4.3 g., (45% ot 

theory), melting at 153-1670 c. After recrystallization 

from ethylacetate, the melting point raised to 180.5·181.5° 

c.l Further recrystallization did not change the melting 

point. 

Calculated for C26H.34H406S2: C, 55.5~; H, 6.09.%; If, 9.95~. 

Found:2 C, 56.1~; H, 6.26%; N, 9.7~• 

The broad melting range or the crude product obtained 

above suggested that 1 t was a mixture of the thiol and the 

corresponding disulfide forms. The following revised 

procedure was therefore developed, which apparently gave 

principally the disulfide form. 

Three and one half grams 2-aminoethylmercaptan were 

dissolved in 100 m.l. water and hydrogen peroxide was added 

dropwise until a positive nitroprusside test was no longer 

given. Ice was added directly to- the reaction vessel and 

the solution made alkaline by adding 14 ml. of 2 N sodium 

h'fdrox1de. The carbobenzox.,• 0-alanylcJ:lloride was added in 

small portions w th constant stirring. When about one 

third of the acid chloride had been added, 36 ml. of 2 N 

sodium hydroxide were added. After all the acid chloride 

had been introduced, stirring was maintained until the ice 

in the reaction beaker had melted. The product was _______________.~.. 

1 A11 elting points were determined on a Fisher~ne ll1.ock. 
2 Samples analyzed by Micro-Tech. Laboratories, Stokie, n1. 
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separated by filtration, washed and recrystallized from 95~ 

ethanol. Yield 9.2 g. (73% of theory), melting point 180­

1820 c. 

@-aletheine oxalate. To a three-neck flask placed in 

a chloroform-dry ice bath and fitted with a soda lime tube, 

3 g. of carbobenzoxy- ~-ale thine were suspended in about 

75 ml. of liquid amonia wi t h sti rring. Ei ght hundred 

seventeen mg. of metallic sodium were added in small pieces 

until an excess was indicated by the format i on of a dark 

blue color. Arter the add i t i on of sodium was complete the 

stirring was conti nued. After 15 minutes, an amount of 

ammoni um sulfate, 2.34 g., was introduced which was exactly 

equivalent to the s odium added. The stirring was conti nued 

unti l all the ammonia had boiled off. The s olid materi al 

was extracted with boiling absolute alcohol. Wi th the 

removal of sodium sul..fate by .f i ltration, a 10~ excess of an 

alcoholic solution of oxalic ac i d dihydrate (1.5 g.} was 

added. The solution was then placed in the cold over night 

for crystalization. 

The needle-like crys tals were f iltered, washed wi th 

ether, and dried in a desiccator. Yield 1.86 g . (73 of 

theory), melting point 121-1220 C. wi th decomposition, rate 

of heating 10/min. Analyti cal data suggested a mono­

hydrate. 

Calculated for C5H12N20S•H2c2<\•H20: N, 10..93~. 
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Found: 10.66~. 

Pantetheine._ The crude ~-ale theine used in the 

following experiments was formed by dissolving the oxal.ate 

salt in water~ adding an equivalent amount o£ calcium 

hydroxide, centrifuging off the precipitate, evaporating to 

dryness, redissolvi ng the [3-aletbeine in methanol, and 

removing the insolubles by filtration and re-evaporating to 

dryness. 

Direct Fusion. Seventy nine mg. of ~ -aletheine and 

70 mg. DL pantoyl lactone were placed in a sealed tube and 

heated for 2 hours at 92° c. The yield, 4.~, of ponte• 

theine was determined by microbiological assay. 

Coupling ,m ethanol Solution. One hundred mg . of 

/3-aletheine, 88 mg. of DL pantoyl lactone, and 0.05 ml. 

of diethylamine dissolved in 0.17 ml. ot methanol were 

refluxed together for 2 hours. The yield, 4.5-15~, of 

pantetheine was determined by microbiological assay. 

Biochemical: 

All bacterial eu1tures were carried on an agar stab, 

the composition of which is 0.5% glucose , 1% yeast extract. 

0.5% peptonized milk, and 273 agar. Inocula were grown at 

37° C for 22-24 hours on the basal medium supplemented 

with 10 mg. yeast extract, 10 mg. liver extract and 2 g. 

calcimn pantothenate. The yeast culture was maintained on 
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molas•ee agar slants. 

The microbiological ass•ys lfe:re conducted as craig ancl 

Snell (5) presct.-1bed with the e:~eoeptlon ot the yeast aasq;: 

which was preformed by the method ot Sar•tt and Cheldelin 

(12) . Bound pantothenate was determined t~ough the use of 

the chieken liver enzyme pr"Ocedure of N$ilande and St~ong 

(11)~ 

All growth was det,ermined turb1d1met:r1cally on a 

Pfaltz and Bauer .fluoro~photometer and e.1..-pressed in ternut 

ot optical density (O.D., • 2 ... log .. % light transmission). 
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RESULTS AND DISCUSSION 

(3 -aletheine exhib1 ted a very low response to 

Sacebromyces corvisiae Lash tftll~r (Table I). Since the 

response of 1 mg. of f> -aletheine was corresponding to 

0.02 g. ~ -alanine, i t was presumably not m~tabolized as 

such. This mi ght likely be due to cell 1 permeabil i ty . 

The small response was evidently due to the pm~tial hydro­

l ysis o£ the ~-aletheine with formation of ~-alanine in 

the heat sterilization. Such a view was supported by the 

facts shown in Table II. 'fhe dif'ferenee in response. 

between the sample that was filter sterilized and the one 

that was autoclaved with the edium, was very pronounced. 

The growth re~ponse which was increased about ten-fold by 

autoclaving indicated the ease of hydrolysis of this 

compound. 

~-aletheine was not inhibitory to the growth of yeast 

when ;3 -alanine was used as the limiting growth factor as 

shown in fable I . Thi s is in agreement with the view that 

(J -aletbeine i s a moiety of a metabolically active form of 

pantothenic acid . 

Evidence supporting the condensation of pantoyl lac­

tone with f3-aletheine i n the form tion of LBF (although in 

small yield) was provided by the successful demonstration 

of "bound" pantothenic aci d (II) activity in the crude 



Table I 

Growth Response of 
Saceharomzces cervisiae Lash Miller 

to ~aletheine and ~-alanine 

f>-alethein~ (3 -alaniu! ' fia ;eer tube) 
(mg •. per tub&) 0 0.2 o.5 2.0 5.0 

Optical Density 

0 0 .04 0.12 0.18 0.58 0.75 

o • .5o 0.06 0.13 0.19 0.65 0•77 

0.75 o.o8 0.14 . 0.22 0.66 o.8o 
1.00 0.09 0.16 0.24 o.68 
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t-eaction m1xt~e~ The response of the undigested sample to 

the Lactobacillus ,arabinosus 17-5 was 5-~ ot the total 

pantothenic acid act!vity after enzymatic treatment. 

MacRorie and W.lliams (9) reported that pantetheine only 

exhibited a growth response equal to 8, ot its pantothenate 

content for !:.• aral)inosus 17-S, This suggested that the 

crude preparations derived their growth promoting activity 

.from F rather tbGn from free pantothenic acid. Had theN 

been formation of pantothenic acid pe~ se, during the 

attempted condensation, the percentage of activ!ty before 

digestion iTith respect to the total pantothenic acid con• 

tent after digestion would have been much greater than ~. 

This view was further confirmed by the fact that both the 

preparations were inactive fol' Lactobacillus terment1 in a 

pantothenic acid free medium . This organ sm as reported b7 

Oraig and Snell (5) can utilize pantothenic acid but ,not 

pantetheine tor support i ng growth. The result from 

studies with Lactobacillus ac1dopholus 832, Lactobacillus 

delbruck11 72, and Lactobacillus delbruckit A.T.o.c. ) alao 

showed that the condensati on mixture contained LBF . Its 

content was practically the same ae that obtained trom the 

bound pantotnenic acid assay, 

All the results demonstrated the method of syntheaia 

being possible . Further investigation, however, will be 

done to improve the y16ld of the last condensation and to 



Tabl$ II 

Effect of Autoolaving on Growth 
Promotion by ~-Alethe1ne 

Filter Ste~111zed Autoclaved* 
optical optical 

mg. {>alethe·lne ensity mg . f?>-alethelne density 

0 o.04 0 0 .01 

o.5o 0,06 0 .62 0.48 

1 •. oo o.o9 1. 24 0. 84 

* Autoclaved at 15 p . s . i . for lO minutes. 



13 

facilitate the isolation of the product, Since ~ -ale-. 

theine is unstable at high tempe~atures the traditional 

condensation methods u$ed in the prep81'at1on ot' pantothenic 

acid (16) must be modifi~d• The other steps in the syn• 

thesis showed good yields and will be suitable for adaption 

to e..ny size. · 



!able III 

Release of Bound Pantothenic 
Acid by Enz7Matic Digestion 

Sample Pantothenic Acid per Tube 

before digestion atter digestion 

1 mg. prepared bJ 
direct fusion 2.1 mpg. 

1 mg. prepared by 
coupling in methanol 38 . , g. 



SUMMARY 

lS 

(1) ~-alethe1ne (~NC~C~i2COWHC~~SH) is prepared 

by the condensation of ~-alanine wlth 2-aminoethylmer­

captan. It is neither active nor inhibitory tor yoast. 

(2) The attempt to prepal'e pantetheine by the con­

densation of f> -aletheino and pantoyl lactone has been 

made . 'fhe microbial studies show that the condensation 1a 

possible . 
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