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Compounds belonging to the vitamin K family possess anti- 

hemorrhagic property,  and are used in treating patients suffering 

from hypoprothrombinemia and obstructive jaundice.    Some of 

these compounds also exhibit marked antimicrobial activity to- 

ward various microorganisms.     Vitamin K  ,   4-amino-2-methyl- 
5 

1-naphthol hydr©chloride,   a water-soluble analog of vitamin K 

has been shown to possess such an antimicrobial activity toward 

many bacteria,   molds,   and yeasts.     Much of the work reported in 

literature is on its use as a possible food preservative,   and little 

information is available on the mechanism of its action on the 

microorganisms. 

In this study,  the mode of action of vitamin K    on Saccharo- 5   

myces cerevisiae was investigated.    Its effect on yeast cells,   with 



and without sodium chloride; its color reactions with trisodium 

pentacyanoaminoferroate; its influence on certain enzyme systems 

of the yeast cell as indicated by 2, 3, 5-triphenyltetrazolium chlo- 

ride; and the antagonistic effect of cysteine hydrochloride toward 

it were studied.    In addition,   the sulfhydryl groups of yeast cells 

were estimated by amperometric titration,   and carbon dioxide 

production by yeast cells from different substrates was determined 

manometrically. 

The results showed that vitamin K    did not inhibit the yeast 
5 

cells immediately on coming into contact with them.     Vitamin K  , 
5 

with sodium chloride,  produced 76 percent inhibition of yeast cells 

in 50 minutes as compared to 50 percent inhibition produced dur-^ 

ing the same time when used alone. 

Cysteine hydrochloride reacted with vitamin K    and stopped 
5 

it from producing a blue color with trisodium pentacyanoaminofer- 

roate.    Cysteine hydrochloride also antagonized the antifungal acti- 

vity of vitamin K  ,   since in its presence vitamin K    failed to stop 
5 5 

the reduction of 2, 3, 5-triphenyltetrazolium chloride by dehydrogen- 

ase systems.    The yeast cells which had previously been inhibited 

by vitamin K    could not be revived by treatment with cysteine 
5 

hydrochloride.     These cells had developed a dark pink color which 

could not be removed by repeated washings. 

The sulfhydryl groups of yeast cells were reduced 



quantitatively when they were exposed to vitamin K  .     The reduc- 
5 

tion was not immediate and followed the same pattern as in case 

of total counts. 

Higher concentrations of vitamin K    inhibited carbon dioxide 

production by yeast cells to a greater extent in the three substrates 

used in this study. 

The action of vitamin K    is not immediate,   the coloration 
5 

picked up by the cells cannot be washed off,  and its action is  has- 

tened in the presence of sodium chloride.    All these seem to indi- 

cate that permeability of the cell is involved in some manner in 

the inhibition process.    Higher concentrations   of vitamin K    pro- 

duce greater inhibition which shows that this compound also com- 

bines with sulfhydryl groups of the yeast cells.     These findings 

suggest that the mode of action of vitamin K    is most likely due to 

an alteration of cell permeability as well as by combining with sulf- 

hydryl groups of the yeast cells. 
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MODE OF ACTION OF VITAMIN   K      ON 
5 

SACCHAROMYCES CEREVISIAE 

INTRODUCTION 

The existence of a vitamin deficiency as a cause of the 

hemorrhage was suspected in 1929 by Dam (15) when he noticed a 

bleeding tendency in chicks raised on a low sterol and lipoid diet. 

Deficiency of vitamin K (K-avitaminosis) in higher animals   brings 

about bleeding of a certain type called hypoprothrombinemia (16, 

p.   291).     This condition can be cured by administering vitamin K 

to such animals.     It has been fully established that vitamin K treat- 

ment completely eliminates the risk of bleeding in connection with 

operation of patients with obstructive jaundice. 

Vitamin   K     was isolated from alfalfa,   and vitamin   K 

from putrefied fish meal (43 and 44).     These workers also contri- 

buted to the elucidation of the quinoid structures of these com- 

pounds and in the identification of vitamin   K      as 2-methyl-3- 

phytyl-1, 4-naphthoquinone and   vitamin K      as 2-methyl-3- 

difarnesyl-1, 4-naphthoquinone. 

Many microorganisms produce vitamin   K.     Comparative 

activities of various pure strains of bacteria grown on vitamin K- 

free media,  killed by heat,   dried,   and assayed with the chick are 

shown in Table 1   (2,   p.   416).     Vitamin   K   is also found in many 



Table 1.     Vitamin K activities of preparations of certain micro- 
organisms,   expressed in 2-methyl-l, 4-naphthoquinone 
units per gram* 

Microorganisms Units per gram 

Bacillus cereus 115 
Bacillus mycoides 155 
Bacillus subtilis 190 
Bacterium aerogenes 20 
Bacterium flexneri 30 
Bacterium proteus 7 5 
Bacterium typhosum 15 
Erythrobacillus prodigiosus 20 
Escherichia coli 15 
Mycobacterium tuberculosis 55 
Sarcina lutea 100 
Staphylococcus aureus 60 

—j- 

After Almquist (2). 

plant and other materials.     The values for some of the materials 

are given in Table 2 (7,   p.   691).     Besides the naturally occurring 

vitamin   K      and   K  ,   about 100 other related synthetic compounds 

have been prepared.    All of them possess antihemorrhagic proper- 

ties (12).     Comparative activities of some of the better known com- 

pounds are shown in Table 3 (1,   p.   410). 

Vitamin   K  ,   K  ,   and   K      possess high antihemorrhagic 

activity,   but these compounds are not soluble in water.     They, 

therefore,   present some difficulties in easy administration to the 

patients for quick relief.     The pharmaceutical industry and the med- 

ical scientists were interested in obtaining a water-soluble 



* 
Table 2.    Vitamin K content of some materials 

Name of material Dam    units per 100 gram 

Alfalfa 
Algae 
Cabbage leaves 
Cauliflower 
Chestnut leaves 
Faeces 
Liver,   pork 

poultry 
Maize leaves 
Nettle leaves 
Pine needles 
Putrefied fish meal 
Spinach leaves 
Tomato,   green 

ripe 
Carrots 
Cereals 
Eggs from chickens fed on 

diets rich in alfalfa 
Fish meal 
Milk,   cow 

human 
Parsley 
Peas,   fresh 
Potatoes 
Rose hips 
Strawberries 

*       After Bicknell and Prescott (7). 

**     Dam unit is defined as "that quantity calculated per gram body 
weight of the chick which given in three days renders the clothing 
power normal" (16,   295-296). 

20,000 to 40,000 
13,000 to 17,000 
40,000 
40,000 
80,000 
30,000 
5,000 to 10,000 

300 
1,400 to 1,800 

40,000 
20,000 
90,000 
55,000 
10,000 
5,000 
1,000 

500 to 4, 000 

1,000 
500 

very little 
0 to 200 

200 
3,500 
1,000 
2,800 
2,250 



Table 3.     Activities of certain antihemorrhagic compounds based on 
chick 5-day assays and expressed in 2-methyl-1, 4-naph- 
thoquinone units per milligram* 

Compounds Units per milligram 

2-Methyl-1, 4-naphthoquinone  (menadione, K   ) 1, 000 

2-Methyl-1, 4-naphthohydroquinone diacetate 450 

2-Methyl-4-amino-1-naphthol hydrochloride (Kc) 500 
5 

2-Methyl-1, 4-naphthohydroquinone diphosphoric 
acid ester (tetrasodium salt,   hexahydrate) 500 

2, 3-Dimethyl-1, 4-naphthoquinone 25 

2-Methyl-3-phytyl-l, 4-naphthoquinone (K  ) 500 

2-Methyl-3-difarnesyl-1, 4-naphthoquinone (K  ) 400 

2-Methyl-3-phytyl- 1, 4-naphthohydroquinone 
diacetate 170 

After Almquist (1). 

compound which should also exhibit high vitamin K activity,   i. e. , 

it should aid in the clotting of blood.     They were rewarded with the 

discovery of 4-amino-2-methyl-1-naphthol hydrochloride,   and 

named it vitamin   K  .     This compound is soluble in water (7,   p.   703; 
5 

8,   p.   45;  18; 47; 53; and 65) and exhibits a high antihemorrhagic ac- 
o 

tivity (1,   p.   410).     Vitamin   K     has the following structural formula: 
5 

NH  .HC1 

Sah (56),   in 1941,   sythesized vitamin   K      by using a-naph- 
5 

thol as a starting material.    A couple of years later Veldstra and 



Wiardi (65) reported simplified procedures for the synthesis of this 

compound. They used 2-methyl-1, 4-naphthoquinone (menadione) as 

the starting material.    One of the syntheses they carried out is illus- 

trated here: 
o 

Menadione 

(x)C6H4NH.NH2 

Phenylhydrazine 

(Condensation) 

-> 

N 
I 
NH.C6H4(x) 

Phe nylhydrazone 

(Isomerization) 

OH 

SnCL 

N 
II 
N.C6H4(x) 

4-Azo derivative of 
2-methyl-naphthol-1 

HC1 

(Reduction) NH2.HC1 

Vitamin Kc 

Chang,   Oneto,   and Sah (11),   in 1950,   described the prepara- 

tion of vitamin   K     by the conversion of semicarbazone and 2, 4- 
5 

dinitrophenyl-hydrazone of vitamin   K  . 

Some of the   K   vitamins,   besides possessing antihemor- 

rhagic property,   show marked inhibitory activity toward various 

microorganisms.    Armstrong,   Spink,   and Kahnke (3) reported that 

vitamin   K      exhibits such antimicrobial activity.     Vitamin   K     has 
5 5 

also a low order of toxicity (53).     The acute    LD        for rats and 
50 



mice is more than 600 mg/Kg,   when administered orally and more 

than 7 50 mg/Kg when administered intraperitoneally. 

These findings stimulated interest in using this compound 

for controlling the growth of microorganisms in vitro as well as 

for preserving foods.     Pratt et al. (53) were among the earliest 

workers to study the use of vitamin   K     as a preservative for foods. 
5 

They dipped dried prunes in aqueous solutions of this compound and 

obtained good protection of the product from spoilage by yeasts and 

molds.     Yang and associates (68) have reported that vitamin   K     is 
5 

fairly effective in prolonging the shelf-life of a variety of food prod- 

ucts,   such as cottage cheese,   crab meat,   low-sugar jam,  and mush- 

room sauce.     They (69) have also shown that 15 to 30 ppm of vitamin 

K     would inhibit gas production in loganberry,   grape,   and apple 
5 

juice. Gomez (22, p. 26-33) has reported that varying amounts of 

this compound were effective in inhibiting the microorganisms iso- 

lated from foods like meats,   seafoods,   fruits,   and vegetables. 

Other reports (35) have shown that 60 ppm of vitamin   K     inhibited 
5 

the growth of cocci and bacilli and stopped any increase in the acid- 

ity of milk.    Riberau-Gayon and Peynaud (55) noticed that this com- 

pound delayed the onset of fermentationr during wine making,  for a 

period of 28 days. 

Vitamin   K     has been employed to provide synergistic effect 



in association with various antibiotics (45).     The use of 31. 2 y/ml of 

vitamin   K     in vitro increased the antimicrobial action of the anti- 
5   —   

biotics against micrococcus (Table 4). 

Table 4.    Synergistic effect of vitamin   K     with some antibiotic 
compounds 

Antibiotic 
Minimum inhibitory level,   "Y/ml 

With vitamin K        Without vitamin K 
5 5 

Streptomycin 

Oxytetracycline 

Subtilin 

Polymixin 

6.2 

0. 8 

7. 8 

15. 6 

37. 5 

6. 2 

15. 6 

62. 5 

Vitamin   K     has also been studied for its sensitizing action 
5 

in radiation preservation of foods.    Shehata (57) observed that vita- 

min   K      increased the radiosensitivity of Escherichia coli,   Pseudo- 
5          

monas fragi,   and Toruplosis rosae.     Silverman,   Shehata,   and 

Goldblith (59) have reported that vitamin   K     in conjunction with 
5 

V-radiation was effective against Escherichia coli only in the ab- 

sence of oxygen, whereas it inhibited the growth of Streptococcus 

faecalis both in the presence and in the absence of oxygen. 

The public is becoming aware of the ever increasing number 

of chemical compounds used as food additives for obtaining various 



8 

effects.    So much so that reports have appeared in the press during 

the past years suggesting that the use of such compounds in foods be 

either discouraged or controlled rigidly.     The Food and Drug Ad- 

ministration,  which is a government agency responsible for the 

health of the American people, has recognized this concern on the 

part of the public and assured them that their health will be ade- 

quately safeguarded. 

The food industry on its part is taking all possible precau- 

tions and use chemicals and compounds,  approved by the Food and 

Drug Administration as food additives,   only in minimal quantities 

and that too when such use is warranted.     They have recognized that 

only a judicious use of food additives will ensure them adequate 

sales and quick turnover for maximum profits,   since a concern 

once in disrepute cannot possibly stay in business profitably for 

long.     The industry is also ever on the look-out to explore the pos- 

sibilities of finding natural food ingredients or closely related com- 

pounds for use as food additives,   particularly for increasing the 

shelf-life of foods.     The ideal preservative is constantly sought but 

has not been found:   one that would be harmless to the consumer 

and efficient in its preservative action,   and would not cover up in- 

feriority of the food or add undesirable color,   odor,   or taste. 

Vitamin   K      seems to be a promising food preservative as 
5 



it belongs to a class of compounds which occur in normal human 

metabolism.     Since it is possible that Vitamin   K      may be used as 

a food preservative alone or as sensitizing agent and synergist,   it 

is desirable to know the mode of action of this compound on the mi- 

croorganisms.     Such information will add to the general knowledge 

about the antimicrobial activity and may be of some interest to the 

food industry.     The research work reported here was,   therefore, 

undertaken to study the mode of action of vitamin   K      on Saccharo- 
5  

myces cerevisiae. 

On the basis of the literature research,   which is given in 

the next section,  the following hypotheses are formulated: 

1. Vitamin   K     affects the cell permeability by producing 

a tanning effect on the yeast cells,   and 

2. Vitamin   K     combines with the sulfhydryl groups of 

the enzymes thus inhibiting the yeast cells. 
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REVIEW OF LITERATURE 

The inhibition of growth and activity of microorganisms is 

the chief purpose of food preservatives.     Many compounds,   occur- 

ring naturally,   elaborated by some organisms,   or synthesized in 

the laboratory,   exhibit antimicrobial activity toward various micro- 

organisms.     Preservatives may inhibit microorganisms by inter- 

fering with their cell membrane,   their enzyme activity,   or their 

genetic mechanism (20,  p.   132).    Comparatively little is known 

concerning these mechanisms. 

Common salt has been used from time immemorial for pre- 

serving foods,  particularly meats and fish.     These days it is   ex- 

tensively used in brine for pickles,   curing of meats and fish,   or is 

applied directly to the food.    It has been reported (20,  p.   133) that 

salt has the following effects:    1)   It causes high osmotic pressure 

and hence plasmolysis of cells,   the percentage of salt necessary 

to inhibit growth or harm the cell varying with the microorganisms; 

2)   It dehydrates foods by drawing out and tying up moisture,  as it 

dehydrates microbial cells;    3)   It ionizes to yield the chlorine ion 

which is harmful to organisms;    4)   It reduces the solubility of 

oxygen in the moisture;    5)   It sensitizes the cell to the action of 

carbon dioxide;    6)   It interferes with the action of proteolytic 



11 

enzymes.     The effectiveness of sodium chloride varies directly 

with its concentration and the temperature. 

Harman and Masterson (24) have reported that nystatin,  a 

polyene antifungal agent produced by Streptomyces noursei,   exerts 

its deleterious action on Candida albicans by depressing glucose 

uptake by an alteration of cell permeability,  without affecting hexo- 

kinase appreciably.    Both endogenous repiration and glucose inter- 

mediate metabolism are accelerated and diverted from construc- 

tive assimilation.    Finally,  much energy as still derived from oxi- 

dation is locked up in polymetaphosphate accumulation and not fur- 

ther utilized.     The consequence is that the Candida cells rapidly 

expend their food reserves against a depleted supply,  and are un- 

able to employ the inaccessible high energy metaphosphate reser- 

voir for continued maintenance.     Both growth and cell multiplica- 

tion are thereby inhibited,  and the cells atrophy. 

Tsukamura and Mizuno (63) observed that isoniazid inhibit- 

ed the syntheses of nucleic acid and protein by Mycobacterium 

"Jucho".     This inhibition did not appear to be a nonspecific phe- 

nomenon derived from a general inactivation of cells.     The incor- 

35 poration of sulfate-S      was increased by isoniazid,   suggesting a 

change in permeability of the cell wall. 

Jacobs (29,  p.   1940) explained that chemical preservatives 
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prolong the lag phase of bacterial growth.    Inhibition of Candida 

albicans,   Saccharomyces cerevisiae,   and Penicillium notatum by 

nystatin occurred only after a lag period (40).    Increasing the 

nystatin to cell ratio shortened the lag time.     Lampen,   Morgan, 

and Slocum (41) observed that when cells of Saccharomyces cere- 

visiae were exposed for ten minutes to 12 |jLg of nystatin per mg of 

cells,   and repeatedly washed in a pH 4. 5 buffer,   did not regain 

glycolytic activity.    They noticed that at this concentration 0. 22 

|j.g of nystatin was absorbed per mg of cells and was not eluted by 

repeated washings with buffer.     Lampen and Arnow (38) reported 

that nystatin uptake by the cells was necessary for bringing about 

inhibition of yeast.    Inhibition,   once obtained,   could not be re- 

versed.     However,  addition of serum albumin,   zymosan,   uranyl 

ions,   arsenate,   or dinitrophenol could protect yeast metabolism in 

varying degrees against the action of nystatin.     Lampen and Arnow 

(39) suggested that the primary mode of action of nystatin against 

Saccharomyces cerevisiae was an alteration of the cell membrane 

with resultant loss of ability to concentrate critical metabolites. 

Hoffman-Ostenhof (27) who studied the action of some qui- 

nones suggested that the effect of higher concentrations of the qui- 

nones was dominantly due to the tanning property of these com- 

pounds.     Normal cell division could be inhibited by tanning the 



13 

protein compounds of the bacterial cellular membranes.     The low- 

er concentrations of the quinones might exert their antibiotic ef- 

fects by the inhibition of some enzymes of the organism,   most 

probably some of the oxidative-reductive enzymes. 

York and Vaughn (70) noticed that sorbic acid selectively 

inhibited catalase-positive bacteria,  molds,  and yeast.    They sug- 

gested that this inhibition was brought about by suppression of their 

oxidative metabolism.     They attributed the principal cause of inhi- 

bition to suppression of fumarate oxidation. 

Hopkins and Morgan (28) observed that it was the fixed -SH 

groups in the protein element of each enzyme which suffered rever- 

sible processes of oxidation and reduction.     They theorized that the 

active enzyme was a thiol (-SH) compound while its inactive form 

was a disulfide (S-S) compound.    Green,   Needham,   and Dawson 

(23,   p.   2341),   Hopkins and Morgan (28),   and Rapkine (54) reported 

that the -SH enzymes were inactivated by iodoacetic acid.    Cysteine 

hydrochloride,  however,  protected these enzymes from the attack 

of iodoacetic acid.    Smith (60) reported that a penicillinase prepa- 

ration of Aerobacter cloacae could not hydrolyze benzylpenicillin 

in the presence of p-chloromercuribenzoate.     The inhibition,   in his 

opinion,   was due to p-chloromercuribenzoate forming mercaptide 

with -SH groups of the enzyme.    He noticed that some thiol 
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compounds were able to reactivate the enzyme to varying degrees. 

Fildes (19) reported that the antibacterial action of mer- 

cury was inhibited specifically by compounds containing -SH 

groups.     Thioglycolate,  glutathione,   or cysteine were found to be 

antagonistic to a number of antibiotic substances like penicidin (4); 

penicillin (9,  1 0,  and 25); citrinin,  gliotoxin,  pyocyanin,  and the 

active principles of Allium sativum.  Ranunculus acris.  Ranunculus 

bulbosus,   Erythronium americanum,   Asarum reflexum,   Brassica 

species,   and Arctium minus (9); clavicin,  penicillic acid (9 and 

25); and fradicin (67).    Cavallito and Bailey (9) believed that the 

main mode of action of many antibiotic substances was due to their 

ability to interfere with the normal function of -SH groups in bac- 

terial metabolism. 

Patt et al.   (51),  who were studying the effect of x-radiation 

on mice,   injected one group with cysteine. HC1 before irradiation. 

They obtained 82 percent survival as compared to 1 9 percent of 

the control animals.    Injection of cysteine. HC1 immediately after 

exposure of animals to irradiation was ineffectual.     They conclud- 

ed that protective chemicals must be taken before exposure to irra- 

diation if they were to give any significant help.     Barren et al. 

(6,  p.   549) observed that the sulfhydryl enzymes,   i. e. ,  those re- 

quiring -SH groups in the protein moiety for enzyme activity,   were 
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more susceptible to inhibition by x-rays than enzymes which did 

not need -SH groups for activity.     They postulated that inhibition 

of -SH enzymes was produced by oxidation of the -SH groups. 

Kohn and Gunter (34) used suspensions of Escherichia coli 

B/r in equilibrium with 0,   5,   20,  and 100 percent oxygen at the 

time of irradiation.     They noticed that 1-cysteine afforded protec- 

tion under all conditions.     They believed that the mode of action of 

cysteine included one reaction that could occur independently of 

oxygen.     The independence was both biologic and radiologic,   i. e. , 

oxygen was not needed for cysteine to reach the sensitive locus 

prior to irradiation,  nor was it needed at the time of irradiation. 

Kumta,   Shimazu,   and Tappel (37) proposed that the mecha- 

nism of protection,  afforded by sulfhydryl protectors from irradia- 

tion,   was in the ability of -SH compounds to repair the site of dam- 

age.     Thus,   if an amino acid became a free radical by loss of a 

hydrogen,  it could abstract hydrogen from the sulfhydryl protector. 

This mechanism of repair might apply to all amino acids,   but it 

was best known for cysteine which underwent free radical oxidation- 

reduction readily. 

The antibacterial activity of Z-methyl-1 , 4-naphthoquinone 

was studied by Colwell and McCall (1 3) who explained this activity 

on the basis of structural resemblance of vitamin   K     to clavicin 
3 
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and penicillic acid.    Geiger and Conn (Zl) had suggested that since 

clavicin and penicillic acid were both a , P-unsaturated ketones hav- 

ing their only common structural detail the -CH=C-C=0 group, 

and that this group was concerned with their antibacterial poten- 

cies.     The inactivation of both of these antibiotics,   as well as 

some synthetic a , (3-unsaturated ketones by -SH compounds led 

them to propose that antibiotic properties of these compounds were 

due to their reaction with -SH groups essential to the activity of 

bacterial enzyme systems,   or with -SH containing metabolites es- 

sential to bacteria.     They suggested that many a. , P-unsaturated 

ketones could react with -SH compounds as follows: 

O      H R, O       H     R 
II        I /   2 II I        I2 

R_C-C=C + R-SH—R, - C - C - C - R., 
1 \ ill3 

R0 H      SR 
3 

Connor (14,  p.   850) proposed that mercaptans and thiophenols re- 

acted with a , (3-unsaturated ketones,   esters,  and acids,   giving (3- 

alkylthio derivatives (presumably by 1 , 4-addition): 

OH 
I 

C, HCH = CHCOC,Hc + R - SH — C,H  CH - CH = C - ^H 
65 65 65| 65 

SR 

—       C.H  C— HCHCO — C,HC 6    5 | Z 6   5 
SR 
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Colwell and McCall (1 3) theorized that 2-methyl-l, 4- 

naphthoquinone might also be considered an a , P-unsaturated ke- 

tone.     They observed that the antibacterial activity of this com- 

pound was suppressed by -SH compounds.    Its mode of antibac- 

terial action therefore appeared to be similar to that suggested 

for antibiotic substances,   some of which were known to contain 

quinone structure. 

Kieson (30) believed that it was the quinone form of vita- 

min K , and not its reduced hydroquinone form, which inhibited 

growth and fermentation of yeast and cancer cells. He observed 

that in the presence of marked excess of ferricyanide, which 

maintained the quinone state, marked inhibitions might be main- 

tained indefinitely at 3 to 1 0 ppm of quinone so long as the ferri- 

cyanide was not completely converted to ferrocyanide. 

Armstrong,   Spink,   and Kahnke (3) explained that the acti- 

vity of vitamin   K     was due to its ready oxidation to the corre- 
5 

spending 1, 4-naphthoquinone.     Schwartzman (58),  'working with 

Echerichia coli,   observed that addition of two mg of sodium bisul- 

fite to three mg of vitamin   K     produced an immediate 40 per- 

cent decrease of activity which was restored on air exposure at 

4° C for four days.    Additions of one mg cystine,    three mg me- 

thionine sulfoxide to three mg of vitamin   K     in N/lO hydrochloric 
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acid,   per ml failed to antagonize the effect of vitamin   K  .    He pos- 
5 

tulated that since excessive reduction as well as excessive oxida- 

tion brought about decrease in the antibacterial activity of vitamin 

K   ,   it was an intermediate state of oxidation by air (which possibly 
5 

resulted immediately upon dissolving the substance) that was re- 

sponsible for this activity.    Neppi-Levi and Masoni (49) also no- 

ticed that concentrations of reducing substances (especially 

NaHSO   ),   lower than the minimum bacteriostatic dose,   inhibited 

action of vitamin   K  .     This they ascribed to lack of oxygenation of 
5 

the vitamin,   the antibiotic action being reduced by converting the 

quinone form to the hydroquinone.    Kimler (31) who studied the ac- 

tion of vitamin   K     and other analogs of vitamin   K   believed that 

the activity of the former was due to the presence of an amino 

group in the 4-position.    He also postulated that the analogs of vita- 

min   K   were functioning as inhibitory competitive analogs of a me- 

tabolite,  phthiocol,  produced by Mycobacterium tuberculosis var. 

hominis. 

Lev and Reiter (42) studied the growth response of Haemo- 

philus parainfluenzae to menadione.     They noticed that both vita- 

min   K     and   K      stimulated the growth of this organism.     The 
3 5 & B 

response to vitamin   K   occurred over a very limited range 
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(0. 5-2. 5 |j,g/ml) and was very specific,  being limited to menadione 

and closely related compounds. 

Silverman,  Shehta,  and Goldblith (59),  who were exploring 

the possibility of using vitamin   K     as a sensitizing agent in their 

radiation studies,   observed that 4-amino- 1-naphthol and 1-amino- 

2-naphthol increased the lethal effects of ionizing energy to a 

greater extent than vitamin   K     for Escherichia coli and Strepto- 

coccus faecalis.     They theorized that the presence of the methyl 

group in vitamin   K     was apparently responsible for this com- 

pound's being less effective.    Noaman,   Silverman,  and Goldblith 

(50) proposed that the methyl group in the 2-position in the naph- 

thalene ring of vitamin   K     did not contribute toward sensitizing 
5 

activity and that all the activity was associated with hydroxyl and 

amino groups in a paraposition. 

Yeast can reduce colorless 2, 3, 5-triphenyltetrazoluim 

chloride to the red formazan.     This reaction is considered to de- 

pend upon dehydrogenase systems  (52) requiring coenzyme I and II 

(46).     Pratt et al.   (53) noticed that vitamin   K     at concentrations 

as high as  100 mg per liter did not inhibit the ability of the yeast to 

reduce triphenyltetrazolium chloride.     They concluded that vitamin 

K      did not inactivate the dehydrogenase systems of the yeast.    On 

the basis of results of some other experiments they believed that 
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vitamin   K     probably increased the rate of utilization of intracel- 
5 

lular materials in yeast cell,  but hindered the use of substances 

entering the cell from outside,   and thereby eventually disrupted 

metabolic activity. 

Hinz and Harris (26) reported that 2-methyl-1, 4-amino- 

naphthol hydrochloride (vitamin   K  )   inhibited the respiration of 
5 

yeast to a greater extent than brought about by 2-methyl-1, 4- 

naphthoquinone (vitamin   K  ).     They concluded that the toxic effect 

of these structures was not necessarily associated with the unsat- 

urated ketone structure as was proposed by Colwell and McCall 

(13).     Tanaka (61) and Tomiyasa et al.   (62),  however,  found that 

vitamin   K     possessed greater inhibitory activity than vitamin   K 
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MATERIALS AND METHODS 

Yeast Culture 

Saccharomyces yeast was used in this study because the 

enzyme systems involved in the degradation of glucose and inter- 

mediate substrates are well known for this organism.    Information 

regarding any particular enzyme can be obtained readily by using 

the specific substrate.     The yeast is comparatively larger in size 

and is not fastidious in its growth requirements. 

Eight cultures of yeast (Table 5) were obtained through the 

courtesy of Dr.  A.   W.   Anderson,   Department of Microbiology, 

Oregon State University,   and Dr.   H.   Y.   Yang,   Department of Food 

Science and Technology,   Oregon State University.     They were 

screened to select one that would give maximum growth and gas 

production. 

Table 5.     Yeasts  studied for maximum activity 

1. Saccharomyces cerevisiae (burgundy) 
2. Saccharomyces cerevisiae OSC 662 
3. Saccharomyces cerevisiae OSC 567 
4. Saccharomyces cerevisiae var.   ellipsoideus OSC 665 
5. Saccharomyces cerevisiae var.   ellipsoideus OSC 663 
6. Saccharomyces cerevisiae var.   ellipsoideus 

(bourgogne) A-VIII 
7. Saccharomyces oviformis A-XVI 
8. Saccharomyces bayanus (champagne) A-36 
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The cultures were grown and maintained on Bacto-wort agar 

(17,  p.   244).     Plates for total counts were also poured using this 

medium.     The composition of the agar was as below: 

Bacto-Wort Agar 

Bacto-Malt Extract 15 g 
Bacto-Peptone 0. 78 g 
Maltose,  technical 12.75 g 
Dextrin,  Difco 2. 75 g 
Glycerol 2. 35 g 
Dipotassium phosphate 1 g 
Ammonium chloride 1 g 
Bacto-Agar 15 g 
Distilled water 1, 000 ml 

The sterilized agar medium had a pH of 4. 8. 

Two liquid media were used for studying the activity of the 

yeast cultures. The composition of wort was the same as that giv- 

en for Bacto-wort agar except that it contained no agar. The other 

liquid medium was nutrient broth (17, p. 29) enriched with glucose, 

dipotassium phosphate, and ammonium chloride. It had the follow- 

ing composition: 

Nutrient Broth,   Enriched 

Bacto-Beef extract 3 g 
Bacto-Peptone 5 g 
Glucose,  technical 20 g 
Dipotassium phosphate 1 g 
Ammonium chloride 1 g 
Distilled water l, 000 ml 
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The liquid media were prepared by dissolving the dry ingre- 

dients in water and heating to boiling.    Nine-milliliter portions 

were dispensed into tubes.     The tubes were autoclaved for 15 min- 

utes at 15 pounds pressure (1210C).    Sufficient sterilized tartaric 

acid (1:10) solution was added aseptically to adjust the pH of the 

media to the desired levels. 

A loopful of each culture was transferred to eight different 

tubes.     The tubes were incubated for 24 hours at 30oC.    Eight new 

tubes were inoculated using these cultures and incubated as before. 

This procedure was repeated three more times.     The purpose of 

this daily transfer for five days was to let the cultures regain vig- 

orous activity. 

For screening purposes,   the cultures were treated in the 

same manner,  using five tubes for each culture,  varying the 

amount of inoculum used,   and also varying the time for which 

these cultures were incubated.     The tubes were read in Lumetron 

Photoelectric Colorimeter,   Model 400-A,  with orange filter (580 

m|jL),   and standardized to 100 percent transmission with distilled 

water.    Results (turbidity) were computed as average of five read- 

ings,   and were obtained as below: 

Turbidity = 100 percent transmission - transmission of 
sample 
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The results of these screening studies are shown in Tables 6,  7, 

and 8.    It was noticed that 2x10    cells of Saccharomyces cere- 

visiae OSC 567,  per ml in wort medium,  and incubated for 18 

hours at 30oC showed maximum activity.     This yeast culture was 

used for studying the mode of action of vitamin   K  . 

Table 6.     Turbidity produced by yeasts in different media 
incubated at 30oC for 24 hours 

Culture No. Wort Enriched nutrient broth 

1 55 15 
2 29 11 
3 77 53 
4 -   41 27 
5 62 29 
6 73 56 
7 67 52 
8 72 51 

Table 7.     Turbidity produced by different size of inoculum of 
yeasts in wort incubated at 300C for 24 hours 

No. 
2 

Number of ce 11s added per tube 
Culture 

xlO6 4x10 6 xlO6 8xl06 

1 54 56 56 56 
2 27 28 28 29 
3 77 79 80 80 
4 41 42 42 43 
5 63 65 65 65 
6 72 74 75 75 
7 67 68 68 69 
8 71 73 74 74 
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Table 8.     Turbidity produced by yeasts in wort incubated at 30oC 
for varying lengths of time 

Culture No. 
Time of incubation (hours) 

6 9 12 18 24 

1 2 21 47 51 54 

2 1 17 24 27 29 

3 10 35 62 71 75 

4 2 11 37 39 42 

5 4 19 54 58 62 

6 7 29 60 68 73 

7 5 23 58 63 68 

8 5 25 59 65 71 
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The effect of pH on the antifungal activity of vitamin   K 

against yeast was studied in the same manner except that the 

tubes contained 8-ml portions of liquid medium.    One milliliter of 

yeast inoculum and one ml of vitamin   K      solution or vitamin   K 
5 5 

solution plus water to make up to one ml volume were added.    One 

milliliter of sterilized distilled water,  in place of vitamin   K 
5 

solution,  was added to control tubes. 

The yeast cells for amperometric titration,  manometric 

studies,  and those used in other work were grown as follows: 

1. One hundred-milliliter portions of Bacto-wort agar 

were put in 1000-ml Roux culture bottles,  and the agar sterilized 

for 15 minutes at 1 5 pounds pressure (1210C).     The agar was cool- 

ed by laying the bottles flat.    After the agar had gelled,   10-ml ino- 

culum of yeast culture in liquid medium was introduced aseptically 

into each bottle and the bottles so moved that the entire agar sur- 

face was covered with a layer of inoculum.     These bottles were 

incubated for 18 hours at 30oC. 

2. The cells were scraped with a U-shaped platinum wire, 

and washed three times by centrifuging in sterile 0. 05 M mono- 

and dibasic potassium phosphate buffer (pH 5. 2),   supplemented 

with 0. 0025 M MgSO  . 7H O.     The concentration of cells used in 

different experiments was adjusted with the help of Lumetron 
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Photoelectric Colorimeter. 

A cell suspension was adjusted to 1 5 percent transmission 

and used for studying the rate of carbon dioxide production.     The 

results are shown in Table 9.    Figure 1   shows that the yeast cells 

exhibited a constant metabolic activity for two hours. 

"Vitamin   K 
5 

Vitamin   K  ,   4-amino-2-methyl-l -naphthol hydrochloride, 
5 

used in this study was obtained from Mann Research Laboratories, 

and was of C.   P.   grade.    It is a light pink powder,  and dissolves in 

water readily.    The aqueous solution of vitamin   K     is clear and 

colorless when freshly made,  but turns pink to violet on standing, 

and also develops a precipitate.    It was therefore found necessary 

to add it last of all and within ten minutes of its preparation.    A 

concentrated solution,   0. 1  percent,  was prepared in water.    A 

0. 1  percent solution of this compound was also prepared in a two 

percent sodium chloride solution.    Appropriate quantity of such 

solutions was added to the tubes or reaction vessels,   containing 

yeast cells and other materials,  to obtain the desired final con- 

centration of this compound in the test systems.     To keep a con- 

stant volume in all cases,   equal quantity of sterilized distilled 

water,  was added to controls. 
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Table 9.    Carbon dioxide production by yeast cells over two-hour 
period (Glucose as substrate) 

Time Carbon dioxide 
(min) (^ 1) 

0 0 

15 34 

30 65 

45 97 

60 124 

90 157 

105 218 

120 246 
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Figure 1.    Rate of carbon dioxide production by yeast cells 
(glucose as substrate). 
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Trisodium Pentacyanoaminoferroate Reagent 

Trisodium pentacyanoaminoferroate specifically produces 

a blue color with vitamin   K    (47,  and 48,  p.   13-14).     The reagent 
5 

solution was prepared by dissolving 250 mg of trisodium penta- 

cyanoaminoferroate crystals (Fisher Scientific Company) and 500 

mg of anhydrous sodium carbonate in water and diluting to 25 ml. 

2, 3, 5-Triphenyltetrazolium Chloride 

Aqueous solution of 2, 3, 5-triphenyltetrazolium chloride is 

colorless,  but on reduction changes into its insoluble formazan 

which is red.    It has been found to be a specific color indicator 

for testing the activity of dehydrogenase systems (46 and 52). 

The indicator solution was prepared by dissolving 0. 5 g of 2, 3, 5- 

triphenyltetrazolium chloride powder (Schwarz Laboratories) in 

water and diluting to 100 ml. 

Cysteine Hydrochloride 

One percent solution   of  cysteine  hydrochloride   crys- 

tals (Eastman Organic Chemicals) was prepared in water,   and 

used in appropriate quantities to obtain the desired final concen- 

tration of this chemical in the test systems.     For amperometric 
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-3 
titrations a 1 0       M solution was prepared. 

lodoacetic Acid 

A 0.1 percent solution of iodoacetic acid (Eastman Organic 

Chemicals) was prepared,  and used as desired. 

Silver Nitrate 

-3 
A 1 0       M solution of silver nitrate (American Platinum 

Works) was prepared by diluting an appropriate quantity of 0. 1   M 

stock solution of this chemical,  and standardizing with potassium 

chloride. 

Substrates for Manometric Studies 

Stock solutions of 100 percent ethyl alcohol (Eastman 

Organic Chemicals),  anhydrous glucose (Merck and Company),  and 

sodium succinate (Fisher Scientific Company) of 0. 1 8 M strength 

were prepared.    Appropriate quantities were used to have a final 

concentration of 0. 03 M in the reaction vessels. 

Amperometric Titration 

The apparatus and procedure employed for the estimation 

of the sulfhydryl groups were those of Kolthoff and Harris (36). 
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The results were expressed as mg -SH groups. 

Principle 

The principle of the method is that when a mercaptan is 

titrated with aqueous silver nitrate solution at a rotating platinum 

electrode against a suitable reference electrode,  the insoluble 

silver mercaptide is precipitated.    A negligible current flows un- 

til there is excess of silver ions in solution.    At this point the dif- 

fusion current of silver ions to the rotating platinum electrode 

rises sharply and in proportion to the concentration of these ions 

in the solution.     The end-point of the titration is obtained graphi- 

cally by plotting current readings against volume of silver nitrate 

added,  and noting the point of intersection of the two straight lines 

(Figure 2). 

Apparatus 

The general set-up of the apparatus is shown in Figure 3, 

and a close-up of the reaction beaker in Figure 4.    A Simpson 

microammeter.   Model 29,  with a range of 0-25 microamperes 

■was used. 

The rotating platinum wire indicator electrode,   I,   con- 

sisted of a platinum wire about 1 0 mm long and 0. 5 mm in 
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Figure 2.    Amperometric silver titration of cysteine 
hydrochloride. 



Figure 3.    Apparatus for amperometric  silver titration for  sulfhydryl groups.    N = Nitrogen 
P = PyrogalUc acid + KOH; D = Distilled water; A = Ammeter; M = Motor; 
R = Reference electrode; K = KCl-agar bridge; I = Indicator electrode; S = Silver nitrate. 
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Figure 4.    A closeup of the reaction beaker  showing the rotating 
platinum electrode for amperometric  silver titration, 
R = Reference electrode; K = KCl-agar bridge; 
N = Nitrogen; I = Indicator electrode; S = Silver nitrate. 
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diameter,   sealed in 6-mm soft glass tubing.    A simple device for 

rotating the electrode was arranged using a laboratory motor stir- 

rer and accessory pulleys and chuck.     The 6-mm tubing with the 

electrode was fastened inside a short length of copper tubing which 

was rotated.    Electrical contact was made through a No.   18 cop- 

per wire,   one end of which was dipped in the rotating indicator 

electrode and the second fastened to a terminal of the microam- 

meter. 

A reference electrode,  R,  was used,  and had a potential 

of -0. 23 volt against the saturated calomel electrode.     The electro- 

lyte solution for the reference half-cell was prepared by dissolv- 

ing 4. 2 g of potassium iodide and 1. 3 g of mercuric iodide in 1 00 

ml of saturated potassium chloride solution.     The electrolyte solu- 

tion was poured into a filtering flask over a layer of mercury. 

Connection between second terminal of the microammeter and 

this mercury layer was made by a length of No.   1 8 copper wire 

the other end of which dipped into mercury in a glass tube,   the 

closed end of which made contact with the mercury layer through 

a sealed-in piece of platinum wire.     The electrical connection be- 

tween the reference and indicator electrodes was made by means 

of a salt bridge.    An L-shaped glass tubing was filled with a gel 

of three percent agar and 30 percent potassium chloride.    At the 
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end of this tube,  a coarsely sintered glass disk was inserted.     This 

end was introduced into the reaction beaker while the other end was 

connected to the reference electrode through a rubber tubing filled 

with a saturated potassium chloride solution. 

Procedure 

The amperometric titrations were made by adding 90 ml of 

0. 1  M sodium acetate and 3 ml of ammonium hydroxide (sp.   gr. 

0. 9) to a 250-ml beaker.    Oxygen-free nitrogen gas (nitrogen gas 

was passed through two gas-washing jarsj the first containing 200 

ml 40 percent potassium hydroxide combined with 20 ml 25 per- 

cent pyrogallic acid,  and the second contained gas-free distilled 

water) was passed into this solution through a sintered glass   bub- 

bler.    An aliquot of the test material was added to the reaction 

beaker.     When the platinum electrode was placed in the reaction 

beaker,   the microammeter reading was five to ten mibroamperes, 

which decreased to near zero within about five minutes after adding 

the sample.     The microammeter reading was adjusted to zero.     The 

-3 
test material was titrated with 10       M silver nitrate.    A plot of cur- 

rent versus milliliter of silver nitrate showed a sharp break at the 

end point.    After each titration the platinum electrode was wiped 

with soft tissue paper and cleaned with concentrated nitric acid and 

distilled water. 
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Man o me trie Study 

Carbon dioxide production by yeast at 30oC was studied, 

using the Warburg apparatus (64,  p.   13).    Different substrates 

were used for obtaining information about the specific reactions 

involved.     The total liquid volume used in each reaction vessel 

was three ml.     The main compartment of the reaction vessel con- 

tained one ml buffer and one ml yeast cell suspension,  adjusted to 

1 5 percent transmission in the Lumetron Photoelectric Colori- 

meter.     The side arm contained 0. 5 ml of the substrate and differ- 

ent amounts of vitamin   K     or iodoacetic acid solution and suffi- 
5 

cient water to make up the volume to 0. 5 ml.     To the control re- 

action vessels 0. 5 ml distilled water was added instead of the anti- 

fungal solution. 

The reaction vessels were connected to the manometer and 

placed in the water bath.     The reaction vessels were shaken at the 

rate of 100 per minute,  three cm strokes.     They were allowed to 

equilibrate for 1 5 minutes.    The manometer fluid was adjusted to 

50 mm reference point on the closed side of the manometer with 

stopcock open.     The stopcock was closed and the contents of the 

side arm tipped into the main compartment of the reaction vessel. 

This was considered the zero time,   and readings were begun. 
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Readings were taken every 15 minutes for two hours.    The results 

were reported as |j.l of carbon dioxide produced.     The percent in- 

hibition brought about by vitamin   K     was calculated on the basis 

of carbon dioxide produced in the controls which contained no vita- 

min   K . 
5 

Uptake of Vitamin   K     by Yeast Cells 
5 

Five-milliliter aliquot of yeast cell suspension (50 mg dry 

weight per ml) was treated,  for two hours,  with vitamin   K     in a 
5 

final concentration of 200 ppm.    The cells were then washed three 

times by centrifuging in 0. 05 M mono- and dibasic potassium 

phosphate buffer (pH 5. 2).     These cells were used to study their 

glycolytic activity. 
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RESULTS 

The results of the study of antifungal activity of vitamin 

K      against Saccharomyces cerevisiae OSC 567 yeast are present- 

ed in this section. 

Effect of Contact Time 

The yeast cells were not inhibited immediately on coming 

into contact with vitamin   K    (Table 10).     The lethal effect of vita- 
5 

min   K  ,  however,   increased as the contact time was increased; 
5 

50 percent inhibition (I     ) occurred after 50 minutes.     There was 

accelerated inhibition until   I        was reached,   thereafter it be- 

came slower.    A plot of inhibition,  produced by 1 00 ppm of vita- 

min   K  ,   versus contact time of cells is shown in Figure 5. 
5 

Effect of Sodium Chloride 

Sodium chloride is known to affect the microorganisms in 

various ways (20,  p.   133).    A solution of vitamin   K     prepared in 
5 

two percent sodium chloride solution was used to see if the anti- 

microbial action of vitamin   K     would be hastened.     The results 
5 

are presented in Table 11  and 12.    About 30 percent inhibition was 

produced,   almost immediately,   by vitamin   K     in sodium chloride 
5 
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Table 1 0.    Effect of contact time on antifungal activity of vitamin 
K     against yeast cells '""    (Total counts) 

5 

Contact time 
Vitamin   K ■5   (PPm) Inhibition 

(min) 0 100 (percent) 

(x 1000) (x 1000) ■ 

1 2,675 2,460 8.0 

25 2,680 1,980 26.1 

50 2,692 1,365 49.3 

100 2,671 167 93.7 

150 2,700 108 96.0 

200 2,684 90 96.6 

250 2,659 25. 5 99.0 

300 2,690 10 99.6 

350 2,670 0 100 

Calculated from Table 1 8 data 

Table 11 .    Effect of sodium chloride on the antifungal activity of 
vitamin   K     against yeast cells     (Total counts) 

5 

Vitamin  K 
5   (PPm) 

Contact time 
mm 

0 100 

Without sodium With sodium Without Sodium With sodium 
chloride chloride chloride chloride 

(x 1000) (x 1000) (x 1000) (x 1000) 

1 2,590 2,588 2, 360 1,790 

50 2, 585 2,590 1,295 620 

100 2,589 2, 587 168 71 



200 
Time (min) 

Figure 5.    Effect of contact time on the antifungal activity of vitamin K    against yeast cells.      £ 
5 
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Table 12.    Inhibition of yeast cells brought about by vitamin   Kt 

in association with sodium chloride"'' 

Inhibition (percent) 
Contact time Without sodium With sodium 

(min) chloride chloride 

1 8. 9 30. 8 

50 49-9 76.1 

100 93.5 97.3 

Calculated from Table 11  data. 

solution as compared to about nine percent brought about by a solu- 

tion of this compound in water alone.     However,   time for    I 

was more than 100 minutes in both cases (Figure 6). 

Effect of Cysteine Hydrochloride 

Compounds containing sulfhydryl groups have been shown 

to suppress the activity of quinones.    Colwell and McCall (13) have 

reported that    cysteine. HCl  antagonizes the antibacterial activity 

of 2-methyl-l , 4-naphthoquinone (menadione).     Vitamin   K      be- 
5 

longs to the vitamin K family and has a structure,   4-amino-2- 

methyl-1 -naphthol hydrochloride,   closely resembling  that  of 

menadione.    A number of experiments were performed to study 

the effect of cysteine. HCl on the antimicrobial activity of vitamin 
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Figure 6.    Inhibition of yeast cells brought about by vitamin K,. in association with 
sodium chloride. 
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Table 1 3 shows the effect of cystein.HCl on the development 

of blue color by trisodium pentacyanoaminoferroate reagent (fer- 

roate reagent) with vitamin   K   .     Ferroate reagent is a specific 
5 

color indicator for vitamin   K    (47 and 48,   p.   13-14).     The blue 
5 

color disappeared when cysteine.HCl was added to a test tube which 

contained vitamin   K     and ferroate reagent, and had developed a 

blue color.     The ferroate reagent did not produce any blue color 

when cysteine.HCl was present with vitamin   K  .     This suggests 
5 

that a reaction between vitamin   K      and cysteine.HCl takes place 
5 

which hinders or reverses the action of ferroate reagent with vita- 

min   K      and no blue color is produced. 
5 

Table 1 3.    Effect of cysteine hydrochloride on the development of 
blue color by vitamin   K      with ferroate reagent 

Reagents Color development 

Ferroate reagent + vitamin   K Blue color 

Ferroate reagent + cysteine. HC1 No blue color 

(Ferroate reagent + cystein. HC1) + vitamin K No blue color 

(Cysteine.HCl + vitamin K  )+ferroate reagent No blue color 
5 

(Ferroate reagent + vitamin K) + cystein. HC1 Blue color 
disappeared 

Ferroate reagent + vitamin  K     + cystein. HC1 No blue color 
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The effect of cystein. HCl on vitamin   K     was studied by 
5 

using 2, 3, 5-triphenyltetrazolium chloride (TPTZC) as the indica- 

tor for the activity of dehydrogenase systems of the yeast cells. 

The results are presented in Table 14 and 1 5.    The development 

of red color in the control samples indicates that the dehydroge- 

nase systems of the yeast cells are active.    Vitamin K    (1 00 ppm) 
5 

Table 14.    Inactivation of dehydrogenase systems by vitamin   K  , 
using 2, 3, 5-triphenyltetrazolium chloride as an 
indicator 

TPTZC (mg) 
Vitamin 

———r 

K5 
(ppm) 

0 100 

0 + 
No red color Dark grey color 

+ 
Bright red color Dark grey color 

+ = growth - = no growth 

did not permit development of any red color which shows that the 

dehydrogenase systems of the yeast cells were inactivated.     Ten 

milligrams of cysteine. HCl antagonized the antimicrobial activity 

of vitamin   K  .     Triphenyltetrazolium chloride showed a red color 
5 

indicating that it was reduced by the dehydrogenase systems which 

were not affected by vitamin   K     in the presence of cysteine. HCl. 
5 

The data of Table 16 show that 3 mg and 7 mg of cysteine. HCl 

per test tube antagonized the antimicrobial activity of vitamin   K 
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Table 1 5.    Effect of cysteine hydrochloride on the antifungal acti- 
vity of vitamin   K  ,   using 2, 3, 5-triphenyltetrazolium 
chloride as an indicator 

Treatment 
Vitamin   K      (ppm) 

5 

100 

TPTZC (mg) 
No red color Dark grey color 

Bright red color       Dark grey color 

Cystein. HC1 
(mg) 10 

No red color Dark grey color 

No red color Dark grey color 

TPTZC 
+ 

Cystein.HC1 
(mg) 

1 
+ 

10 

No red color Dark grey color 

+ + 
Bright red color       Bright red color 

+ = growth - = no growth 
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Table 1 6.    Effect of cysteine hydrochloride on the antifungal acti- 
vity of vitamin K 

5 

Cysteine Vitamin   K      (ppm) 
hydrochloride  5  

(mg)                           0 25                         50                        100 

0 + 

0.01 + 

0. 03                          + + 

0. 05                          + + 

0.1                             + + 

0. 3                             + + 

0. 5                             + + 

1.0                             + + 

2. 0                             + + 

3.0                             + +                           + 

4. 0                             + +                           + 

5. 0                             + +                           + 

6. 0                            + +                           + 

7. 0                              + +                            +                            + 

8. 0                            + +                           +                           + 

9. 0                           + +                          +                          + 

10.0                           + +                          +                          + 

+ = growth - = no growth 
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when used in final concentrations of 50 ppm and 100 ppm, respec- 

tively. 

From the total counts presented in Table 17,   it may be 

seen that cysteine. HCl alone had no effect on the total counts.     The 

controls showed surprisingly similar results at all levels of 

cysteine. HCl.     Vitamin   K      completely lost its antimicrobial acti- 
5 

vity when the molar ratio of cysteine. HCl to vitamin   K      (used as 
5 

_3 
5x10       M solutions) in the growth medium was four.    However, 

when cysteine. HCl to vitamin   K      ratio was increased,   a slight 
5 

decrease in this antagonism was observed (Figure 7). 

Table 17.    Antagonism of cysteine hydrochloride toward vitamin 
K     (Total counts) 

5 

Cysteine. HCl: 
vitamin K 

5 
(molar ratio) 

Vitamin   K      (ppm) 
5 

100 

0 
Oo 25 
0.5 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

(x 1000) 
,165 
9164 
,168 
,168 
,165 
,163 
,167 
,164 
,168 
,166 
,165 
,167 
,164 

(x 1000) 
126 
390 
860 
920 . 
980 

1,090 
1,160 
1, 000 

890 
850 
810 
830 
810 
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Figure 7.    Effect of cysteine   hydrochloride on the antifungal 
activity of vitamin K,.- 
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To see if cysteine. HCl will restore the activity of the yeast 

cells which had been inactivated by vitamin   K  ,  an experiment 
5 

was conducted wherein the cells which had been exposed to 100 

ppm vitamin   K     were introduced into a dilution blank containing 

one mg per ml of cysteine. HCl.    Further dilutions were made, 

after 15-minute contact with cysteine. HCl,  and the plates poured. 

Table 18 shows the results of this study.    The cells which had al- 

ready been inactivated by vitamin   K    did not regain their activity 
5 

when treated with cysteine. HCl. 

Table 1 8.    Effect of cysteine Hydrochloride on the yeast cells 
previously exposed to vitamin   K    (Total counts) 

5 

Vitamin K     (100 ppm) 

Contact time 
(min) 

Control 
No cysteine.HCl in 

1st dilution blank 
1 mg/ml cysteine.HCl in 

1st dilution blank 

1 
(x 1000) 
2,675 

(x 1000) 
2,460 

(x 1000) 
2,450 

25 2,680 1,980 1,990 

50 2,692 1,365 1,350 

100 2,671 167 168 

150 2,700 108 111 

200 2, 684 90 92 

250 2,659 25. 5 24 

300 2,'690 10 9.6 

350 2,670 0 0 
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Amperometric Titration Studies 

Amperometric titration data (Table 19) were used to pre- 

pare a standard curve (Figure 8) for cysteine. HC1.     The curve 

shows that silver nitrate and cysteine. HC1 react in a 1 :1  molar 

ratio when titrated amperometrically. 

Table 1 9.    Amperometric silver titration of cysteine hydrochloride 
for standard curve 

-3 -3 10       M Cysteine. HC1 10       M Silver nitrate 

(ml) (ml) 

1.0 0.99 
2.0 2.0 
3-0 3.1 
4.0 3.9 
5. 0 5.2 
6. 0 6. 0 
7. 0 6. 9 
8. 0 8. 0 
9.0 9.1 

10.0 10.0 

Sulfhydryl groups of yeast cells were calculated from the 

silver nitrate used in their titration (Table 20).     The graph (Fi- 

gure 9) of these data shows that yeast cells and their -SH group- 

content have a straight line relationship,   i. e. ,  higher the amount 

of cells in the suspension,   the higher the -SH groups it contains. 
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10       M Cysteine hydrochloride (ml) 

Figure 8.    Standard curve for cysteine hydrochloride (ampero- 
metric silver titration) 
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Table 20.    Sulfhydryl groups of yeast cells 

_3 
Yeast cell suspension 10       M AgNO -SH groups 

(ml) (ml) (mg) 

0 0 0 
5 0.89 0.0294 

10 1.76 0.0582 
15 2.60 0.0860 
20 3.55 0.1174 

Yeast cells were exposed to 1 00 ppm of vitamin   K     for 
5 

different lengths of time and their -SH groups estimated by ampero- 

metric titration.     The results are presented in Table 21.     The 

amount of free -SH groups of yeast cells decreased as the contact 

time of vitamin   K     with them was increased.     Percent reduction 
5 

in -SH groups was calculated and the results are given in Table 

22.     The graph of Figure 10 shows that the reduction in the amount 

of free -SH groups was quite rapid until about 50 percent mark 

was reached,   and thereafter it became slower.     However,   in an- 

other experiment,   it was noticed that the reaction between vitamin 

K       and cysteine. HC1 took place immediately.     There was no dif- 
5 

ference in the free -SH groups in the test systems held for differ- 

ent periods. 



55 

0. IZr- 

10 15 20 
Yeast cell suspension (ml) 

Figure 9.    Sulfhydryl groups of yeast cells      (50 mg dry weight 
per ml). 
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Table 21 .    Effect of vitamin   K     on sulfhydryl groups of yeast 
5 

cells incubated for different periods 

Vitamin K5 (ppm) 

Contact time 0 100 

(min) 
10" '3 M AgNOj 

(ml) 

-SH groups 

(mg) 

10' "3 M AgNOg 

(ml) 

-SH groups 

(mg) 

1 

30 

0. 89 

0. 89 

0. 0294 

0.0294 

0. 87 

0. 50 

0.0288 

0.0165 

60                  0.89                0.0294 0.36                0.0119 

90                   0.89                0.0294 0.25                0.0083 

120                  0.89                0.0294 0.17                0.0056 

Table 22.    Reduction of sulfhydryl groups of yeast cells brought 
about by vitamin   K   v 

5 

-SH groups 
Contact time                                                                   (mg) Reduction 

<min)                                       Control                                100 ppm vitamin Kg (percent) 

1                               0.0294 0.0288                             2.0 

30                               0.0294 0.0165                           43.9 

60                               0.0294 0.0119                           59-5 

90                               0. 0294 0.0083                           71.8 

120                               0.0294 0.0056                           81.0 

* 
Calculated from Table 21  data. 
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Time (min) 

Figure 1 0.    Reduction in sulfhydryl groups of yeast cells incubated with vitamin K    for 
different periods. 
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Manometric Studies 

The effect of vitamin   K      on carbon dioxide production by 
5 

yeast cells,  in two hours,   using glucose as a substrate,   is shown 

in Table 23.    Higher concentrations of vitamin   K     inhibited car- 
5 

bon dioxide production to a greater extent,    1 00 ppm vitamin   K 

affecting 95 percent inhibition (Figure 11). 

The trend of carbon dioxide production by yeast cells,  us- 

ing ethyl alcohol as a substrate,   was almost similar to that when 

glucose was used as a substrate.     The results are presented in 

Table 24 and Figure 1 2. 

Table 25 shows the effect of vitamin   K      on carbon dioxide 
5 

production by yeast cells,   using sodium succinate as a substrate. 

Percent inhibition of activity of yeast cells is presented in Figure 

1 3.     Twenty-five parts per million of vitamin K    brought about al- 

most as much inhibition in this case as that produced by 50 ppm 

and 7 5 ppm of vitamin   K     when glucose and ethyl alcohol,   re spec- 
5 

tively,   were used as substrates. 

Synergistic Effect of Vitamin   K _   and Iodoacetic Acid 

The results of synergistic effect of vitamin   K      and iodo- 

acetic acid are presented in Table 26.     Vitamin   K     and iodoacetic 
5 

acid were less effective when used singly as compared to when 
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Table 23-    Effect of vitamin   K     on carbon dioxide production 
by yeast cells.,   in two hours     (Glucose as substrate) 

Vitamin Kc 

(ppm) 

Carbon dioxide Inhibition 

(percent) 

0 
10 
25 
50 
75 

100 

242 
222 
163 
100 

39 
12 

8. 3 
32. 6 
58.7 
83. 9 
95. 0 

Table 24.    Effect of vitamin   K     on carbon dioxide production 
by yeast cells,   in two hours    (Ethyl alcohol as substrate) 

Vitamin   Kc 

(ppm) 

Carbon dioxide Inhibition 

(percent) 

0 
10 
25 
50 
75 

100 

82 
78 
64 
53 
32 

9 

4.9 
22. 0 
35. 4 
61. 0 
89.0 

Table 25.    Effect of vitamin   K     on carbon dioxide production by 
yeast cells,   in two hours (Sodium succinate as substrate) 

Vitamin   K, 
(ppm) 

Carbon dioxide 
Oil) 

Inhibition 
(percent) 

23. 2 
57. 3 
89. 2 
95. 1 
98. 9 

0 
10 
25 
50 
75 

100 

185 
142 

79 
20 

9 
2 



60 

Vitamin K    (ppm) 
5 

Figure 11.    Effect of vitamin K    on carbon dioxide production 

by yeast cells,   in two hours (glucose as substrate) 
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Vitamin Kc (ppm) 

Figure 12.    Effect of vitamin K    on carbon dioxide production 

by yeast cells,   in two hours (ethyl alcohol as 
substrate) 
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"Vitamin K    (ppm) 
5 

Figure 13.    Effect of vitamin K    on carbon dioxide production 

by yeast cells,   in two hours (sodium succinate as 
substrate) 
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Table 26.    Synergistic effect of vitamin   K     and iodoacetic acid on 
carbon dioxide production by yeast cells,   in two hours 
(Glucose as substrate) 

Vitamin   K             Iodoacetic Carbon ,.,.,.. 
5                     . , * ,.     . , Inhibition 

plus      acid dioxide 
(ppm)                          (ppm) (|il) (percent) 

0                                   0 247 
0                                 50 165 33.2 

10                               40 94 61. 9 
20                               30 48 80. 6 
30                               20 43 82. 6 
40                                10 68 72.4 
50                                0 99 59. 9 

Seventy parts per million of iodoacetic acid produced 50 percent 
inhibition of yeast cells.    Waksman's agar-streak method (66) 
was used. 

they were used together.     The maximum inhibition of carbon di- 

oxide production was brought about by 30 ppm of vitamin   K     and 

20 ppm of iodoacetic acid when applied together to the yeast cells. 

Uptake of Vitamin   K      by Yeast Cells 

The cells which had been treated with a solution of vitamin 

K      developed a dark pink color.     This color was not removed 
5 

from the cells by repeated washings with a buffer. These colored 

cells did not show any glycolytic activity when used as inoculum in 

wort tubes or in manometric studies. 
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Effect of pH 

The effect of pH of the medium on the antifungal activity of 

vitamin   K     against yeast cells is shown in Table 27.     Twenty- 

five parts per million of vitamin   K     produced complete inhibition 

when the yeast cells were exposed to it in media of pH 5. 5,   6. 5, 

and 7. 5.    Only 10 ppm of this compound were necessary to produce 

an equivalent effect when the pH of the medium was 8. 0 or 8. 5. 

Table 27.    Effect of pH on the antifungal activity of vitamin   K 
against yeast cells (Expressed as turbidity) 

Vitamin K
5    (PPm) 

pH 
0 10 25 50 100 

4. 0 76.7 70. 2 49. 5 31.4 0 
4. 5 77.0 68. 0 47. 0 33.7 0 
5. 0 76.5 46. 3 35. 3 0 0 
5. 5 76. 5 32.6 0 0 0 
6. 0 74.0 42.1 36.0 10. 3 0 
6.5 70. 3 35.0 0 0 0 
7. 0 67.1 23.4 0 0 0 
7. 5 62.7 19.0 0 0 0 
8.0 54. 2 0 0 0 0 
8. 5 34.3 0 0 0 0 
9.0 6.1 0 0 0 0 



65 

DISCUSSION 

The cells of Saccharomyces cerevisiae OSC 567 yeast were 

not inactivated immediately on coming into contact with vitamin   K 
5 

solution.     Fifty percent inhibition of cells occurred after a 50- 

minute contact period.    However,   30 percent inhibition of cells 

was produced almost immediately when vitamin   K     was applied 
5 

in a two percent sodium chloride solution.     Vitamin   K  ,  with so- 
5 

dium chloride,  produced 7 6 percent inhibition in 50 minutes as 

compared to only 50 percent when used without sodium chloride. 

Lampen,   Elliot,   and Slocum (40) have reported that inhibi- 

tion of Candida albicans,   Saccharomyces cerevisiae,   and Penicil- 

lium notatum by nystatin occurred after a lag period.    Harman 

and Masterson (24) have suggested that inhibition of Candida albi- 

cans by nystatin is due to alteration of cell permeability brought 

about by this chemical.    Isoniazid inhibits the growth of Mycobac- 

terium by changing the permeability of the cell wall (63). 

The yeast cells which were exposed to vitamin   K      devel- 

oped a dark pink color.     This color could not be removed by re- 

peated washings of cells with a buffer.     These cells did not grow 

when introduced into the growth medium,   or exhibited any meta- 

bolic activity when used in manometric studies.    It is possible that 
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vitamin   K„.    combines with the cells and produces a tanning effect 

like that suggested by Hoffman-Ostenhof (27).     This may explain 

why it takes a considerably long time to bring about complete in- 

hibition of the yeast  cells. 

Since sodium chloride hastens the action of vitamin   K 
5 

and shortens the lag period,  probably by changing the permeability 

of the cell wall,   it appears that vitamin   K     also affects the enzyme 

systems of the yeast cells.     Lampen,   Morgan,   and Slocum (41) no- 

ticed that nystatin uptake by the cells was necessary for bringing 

about inhibition of yeast.    Inhibition,   once obtained could not be 

reversed.    It has been suggested (39) that the primary mode of ac- 

tion of nystatin against yeast is an alteration of the cell permea- 

bility with resultant loss of ability to concentrate critical meta- 

bolites.     Vitamin   K     probably produces inhibition by affecting the 

permeability of the cell wall as well as attacking the enzyme sys - 

terns of the yeast cells. 

The effect of vitamin   K     on -SH groups of yeast cells in- 

cubated for different periods (Table 21) bears out the above sup- 

position.     The amperometric silver titration is specific for -SH 

groups.     The results show that the amount of free -SH groups of 

yeast cells decreased as the contact time of vitamin   K     with them 

was increased.    On the other hand the reaction between vitamin 
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K      and cysteine. HCl took place immediately.     This means that 
5 

vitamin   K     encounters some barrier in penetrating the yeast 

cells. 

The trisodium pentacyanoaminoferroate (ferroate reagent) 

produces a blue color specifically with vitamin   K      (47; and 48, 
5 

p.   13-14).     The blue color disappeared when cysteine. HCl was 

added to systems containing vitamin   K     and ferroate reagent, 

and wherein blue color had developed already.     The ferroate re- 

agent failed to produce any blue color with vitamin   K     when 

cysteine. HCl was present before the ferroate reagent was added 

to the tubes (Table 1 3).    Cysteine hydrochloride combines with 

vitamin   K      and disallows it to react with the ferroate reagent. 

Since cysteine. HCl is a -SH compound,   the combination of vitamin 

K    with this compound suggests that vitamin   K      combines with 

the -SH groups of yeast cells and thus inhibits them. 

Yeast cells reduce 2, 3, 5-triphenyltertrazolium chloride 

(TPTZC) to the red formazon (46): 

N N   +2e+2H+ H 

2,3,5-Tri-       ^c 
phenyltetra- -, 
zolium chlo-   <^ 
ride (color- 
less) 

N + HT + cr 

Triphenyl formazan (red and insoluble) 
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This reaction is considered to depend upon dehydrogenase systems 

(52) and requires coenzyme I and II (46). 

Vitamin K  ,  when used at a final concentration of 100 ppm, 
5 

stopped the reduction of TPTZC.    However,  this reaction proceed- 

ed unhampered,  and red color was produced,  when cysteine. HCl 

was added to the system.     The fact that red color was produced 

in the control tubes and that no color was produced in other tubes 

in the presence of vitamin   K      shows that dehydrogenase systems 

of yeast cells are inactivated by vitamin   K  .    Dehydrogenases 

need -SH groups for their activity (28,   54).    Since vitamin   K 

reacts with cysteine. HCl,   which is a -SH compound,  it strengthens 

our hypothesis that dehydrogenase enzymes are involved in inhibi- 

tion of yeast cells by vitamin   K  . 
5 

Cysteine hydrochloride antagonized the antifungal activity 

of vitamin   K    (Table 16).    However,   cells which had been inacti- 
5 

vated by vitamin   K     could not be reactivated by treatment with 
5 

cysteine. HCl (Table 17).     This suggests that the combination of 

vitamin   K     with the yeast cells and/or its reaction with the -SH 

groups of the yeast cells is permanent and cannot be removed or 

reversed by washing with buffer or treatment with cysteine. HCl. 

The manometric studies,  using glucose as a substrate, 

show that higher concentrations of vitamin   K     inhibited carbon 

dioxide production by yeast cells to a greater extent.    Ethyl alco- 

hol and sodium succinate were also used as specific substrates 
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for alcohol dehydrogenase and succinic dehydrogenase,   respec- 

tively.     The percent inhibition of carbon dioxide production was 

greater when sodium succinate was used as a substrate (Figure 1 3) 

than in the case where ethyl alcohol was used as a substrate (Fi- 

gure 1 2).    Since ethyl alcohol and sodium succinate are specific 

substrates for alcohol dehydrogenase and succinic. acid dehydroge- 

nase,   respectively,  these studies show that these dehydrogenase 

systems are inactivated by vitamin   K  . 
5 

lodoacetic acid is a specific inhibitor for -SH groups (54). 

The concentration of iodoacetic acid for producing 50 percent in- 

hibition was found to be about 7 5 ppm.     Vitamin   K      (0 to 50 ppm) 
5 

and iodoacetic acid (0 to 50 ppm),   in combinations shown in Table 

26,   were used to study their synergistic effect on carbon dioxide 

production by yeast cells.     The combined effect of the various 

combinations of vitamin   K     and iodoacetic acid was greater than 

that produced by either one when used alone.     This means that the 

inhibition of yeast cells is brought about by vitamin   K     by com- 

bining with their -SH groups. 

Polarographic studies show that vitamin   K      can be re- 

versibly oxidized to the corresponding quinoneimine with the loss 

of two electrons (32,  p.   510): 
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Hydrolysis   of quinoneimine yields 2-methyl-l , 4-naphthoquinone 

(vitamin K  ) and ammonia (32,   p.   510; and 33).    Quinone can be 

reduced to a hydroquinone.   Kiesow (30) believes that it is the quinone 

form of vitamin   K  ,   and not its reduced hydroquinone form,   which 

inhibits growth and fermentation of yeast and cancer cells. 

Schwartzman (58) has speculated that it is an intermediate 

state of oxidation that is responsible for the antimicrobial activity 

of vitamin   K  .     Ouinoneimine has been shown polarographically 
5 

(32,   p.   510) to be the only intermediate product formed.     However, 

no information is available on its use as antimicrobial (or anti- 

hemorrhagic) agent,   or on its reactions with sulfhydryl compounds. 

Ouinoneimine can not react as it is with -SH compounds.     It must 

oxidize to its quinone form to react with -SH compounds. 

Quinone derivatives have been used as oxidizing agents of 

-SH compounds. Two types of reactions are possible: 1) Oxida- 

tion of -SH groups to disulfide (S-S) with the reduction of quinone 

to hydroquinone,   and    2)   Addition of -SH compound to the quinone. 

It seems probable that vitamin K    is first oxidized to the quinone 
5 

form which either reacts with -SH groups of the yeast cells as an 
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CB. , (3-unsaturated ketone (1 4, p. 850) yielding a 1, 4-addition prod- 

uct (5),   or by oxidizing the -SH groups of the yeast cells to disul- 

fide.     The second possibility seems more likely.    Hopkins (28) 

has suggested that the active sulfhydryl enzyme may be considered 

a -SH compound,  while its inactive form a disulfide (S-S) com- 

pound. 

The effectiveness of vitamin K    in reducing the activity of 

yeast cells seems to be related to pH of the medium.    Vitamin K 
5 

was most effective at pH 5. 5,  and at pH's 6. 5 and higher.     The 

yeast cells,  however,  -were not inhibited completely by 50 ppm of 

vitamin K    when the pH of the medium was 6. 0.    It would seem 

that pH 6. 0 is a critical stage in the application of vitamin K    for 

the inhibition of yeast. 

The mode of action of vitamin K    is indeed complex.    Never- 
5 

theless,   an effort has been made here to present some working 

hypotheses which though not pinpointing specific and definite loci of 

the inhibited reactions,   at the very least,   indicate various avenues 

of yeast physiology wherein the metabolic block might be expected 

to occur. 
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SUMMARY 

The mode of action of vitamin K    on Saccharomyces cere- 5            

visiae was studied. 

Vitamin K    did not inhibit the yeast cells immediately on 
5 

coming into contact with them.    Fifty percent inhibition occurred 

in 50 minutes.    Higher concentrations of vitamin K    produced 

greater inhibition of yeast cells.    Sodium chloride hastened the 

action of vitamin K  .     Vitamin K  ,  in a two percent sodium chlo- 
5 5 

ride solution,   produced 76 percent inhibition in 50 minutes. 

Cysteine hydrochloride reacted with vitamin K    and stopped 
5 

it from producing blue color with trisodium pentacyanoaminofer- 

roate reagent.    It also antagonized the antifungal activity of vita- 

min K  ,   since in its presence vitamin K    did not stop the reduction 
5 5 

of 2, 3, 5-triphenyltertrazoli.um chloride by dehydrogenase systems. 

The antifungal activity of vitamin K    was completely suppressed 
5 
-3 

when the molar ratio (used as 5x10       M solutions) of cysteine. HCl 

to vitamin K    was four. 
5 

The yeast cells which were inactivated by vitamin K    could 
5 

not be revived by treatment with cysteine. HCl.     The yeast cells 

developed a dark pink color which could not be removed by re- 

peated washings. 
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The sulfhydryl groups of yeast cells were estimated by am- 

perometric silver titration.     The reduction of -SH groups of yeast 

cells exposed to vitamin K    was not immediate. 
5 

Inhibition of carbon dioxide production by yeast cells in the 

presence of vitamin K    was studied manometrically.    Glucose, 
5 

ethyl alcohol,   and sodium succinate were used as substrates. 

Higher concentrations of vitamin K    inhibited carbon dioxide pro- 

duction to a greater extent. 

The synergistic effect of vitamin K    and iodoacetic acid 

was also studied.    Vitamin K    and iodoacetic acid were less effec- 
5 

tive when used  individually as compared to ■when they were used 

together. 

The mode of action of vitamin K    seems to be due to an al- 
5 

teration of the cell permeability as well as by combining with the 

-SH groups of the yeast cells. 
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