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PHYSIOLOGICAL AND PHYSICAL PROPERTIES 
OF THE ANTITHIAMINE FACTOR IN BRACKEN 
FERN (Pteridium aguilinum (L.) Kuhn.) 

INTRODUCT I ON 

The demonstration (3t1..-, 11$) of marked antithiamine 

activity In bracken fern sug;ested a problem which may be 

of considerable importance in human and animal nutrition. 

The presence of antithiarulne In plants might make it neces- 

sary to revaluate dIetaries In terms of both their thiamine 

and antithiarnine contents. 

Previous experience in the field of metabolIc research 

suests several possible ways in which fern could con- 

celvably exert a:atithiamine activity (lOt). One mechanism 

could be the destruction of thiamine by a purely chemical 

procese or by means of an enzyme system, as is the case 

with the fish factor (,83). Another possibility Is that 

of a competitive analogue. A third mechanism might be one 

in which thiamine Is removed from the field of usefulness 

by a combination of the biotin-avidin type (19). 

The experimental work presented In this thesis re- 
presents an attempt to determine the node of action of the 

antithiarnine factor in bracken fern, usina a microbiolog- 

ical method based on the growth of Lactobacilius fermentum 

(1,7Ó). Certain physical properties of the fern factor 



were studied with this method, and an attempt was made to 

concentrate the causative agent, 
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LITLRATURE RIE 

A vitamin i an organic compound required in small 

amounts by one or more species of animals in order that a 

specific metabolic function or reaction may proceed nor- 

mally. Most vitamins are obtained from the diet, but some 

are obtained by bacterial synthesis in the ruinen or in 
testinal tract. Certain of the vitamins need not be con- 

sumed as euch in the diet, because the body has the capacity 

of synthesIzing them from precursors oi provitanins. For 

example, vIa!nin D can be obtained by the action of ultra- 
violet irradiation on precursors of vitamin D found in the 

skin. 

Vitamins do not enter into cross tissue structure like 
carbohydrates, fats and proteins, and they do not furnish 

energy to the organism. Actually, minute quantities of 

vitamins are burned in the organism, but the energy sot 

free by this process is infinitesimal when compared with 

the total energy required. Vitamins cannot be dcfned as 

members of any one group of organic compounds because they 

vary widely in their chemical structure, 
Our knowledge of the specific physiological role of 

vitamins is not complete. It is known, however, that x;iost 

of the vitamins participate in enzymic reactions of a 

highly complex nature. These enzyme systems consist of 

many different components, a few of which are vitamins. 



Vitamins usually aro precursors of enzymes, such as thja.e 

mine is of cocarboxylase, but they may be substrates such 

as vitamin A is of rhodopsin. 

Some vitamins are characterized by species specific 
ity; i.e., they are required by certain species of animals 

and not by others. The number of substances now recognized 

as vitamins has grown rapidly in recent years. The present 
list of vitamins cannot be regarded as complete, but it is 

probable that most of the important vitamins needed for 
human nutrition have been found, 

Ant ivi t amine 

The following discussion of antivitamins is derived 
primarily from several excellent reviews on the subject 
(72, 107, 108, il), 120, l2, 126, 128, 129). 

Vitamin research in recent years has demonstrated the 
striking similarity of numerous metabolic processes in many 

forms of life, Consequently, it is not surprising that 
microorganisms as well as higher forms of life frequently 
possess limited synthetic capacities and require certain 

vitamins, The subject of antivitarnins then, may be ap- 

proached from the point of view of bacterial nutrition as 

well as from that of human or animal nutrition. Those 

interested in the antivitamins in relation to bacterial 

nutrition are concerned primarily with a search for 



oompoundß useful in chemotherapy. Those interested in the 

nutrition of the higher forms of life are doubly concerned 

with the antivitauins, both because of their possible Oc- 

currence in foods, and because of their relationship to the 

host durin therapeutic application of the antivitamins in 
disease. 

An antivitarain nay be defined as any substance that 

interferes with the synthesis or metabolism of a vitanun. 
Iechanisns of sudi interference include (a) cnpotitive 

Interference or inhibicion, (b) inactivation or chemical 

destruction, arid (e) Irreversible combinatior or adsorp- 

tion. While instances of chemical destruction or irre- 

versible combination of a vitamin have been observed arid 

sbudied, by far the commonest instance of aneivita:iin action 
is that of competitive interferonce or inhibition. 

The discovery of antivitamins brourht to light a new 

concept--the fact that certain compounds almost identical 

in structure with various essential motabolites are able to 

induce in animals mani of the deficiency signs associated 

wïth a lack of these metabolites, Second, investigation 

into the mechanism of this antagonistic behavior has pro- 

vided a new tool for understanding important biological 

actions and may eventually lead to a clearer understanding 

of how vitamins work in the body. Third, the discovery of 
antivitamins has practical applications in therapy as well 
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as in nutrition research. Fourth, the dietary importance 

of certain foods may require revaluation because of their 

possible anbivitamin content, 

In l9t.O, D. D, Woods (26,118) deuonstrated the sur- 

prisin fact that the power of the sulfonamides to inter- 

Cere with bacterial rowth could be completely overcome by 

addin a structuìrauly related microbial ¡çrowtLì factor, 

p-aminobenzoic acid, to the bacterial culture media. The 

theory was set forthï that the sulfa drugs owed their bao- 

teriostatie activity to the fact that they prevent bacteria 

from using the essential growth factor, p-aminobenzolc 

acid (119), Te possibility presented itself that now 

antibacterial thus might be almost "custom-tailored" by 

creating compounds similar in structure, but antagonistic 

in action, to the various growth factors essential for 

disease microbes. Mcllwain stated that if the Wood's 

tneor is correct, it should also app1r to analogues of 

other vitamins. 

Structural changes in vitamins might produce a variety 

of results. First, t±ae related compound might have reduced 

vitamin activity. Second, the compound might be able to 

inhibit growth of disease microbes without affecting the 

higher animals. Third, lt might cause a deficiency in both 

disease microbes and the higher animals. Fourth, lt miglt 

be without effect either way, I.e., a neutral compound. 
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Structural changea in vitamins that causo antagonistic 

effects on the disease-producing microorganisms WithOUt 

disturbing the norna1 metabolism of the host aniial have 

been found usefal in treatin infectious discass. 

Aparentl there i no uniform manncr in which the 

structure of a aetaòolIte must be altered in order to pro 

(luce an inhibitor. For exani4, it is possible to make 

several different irthibitor analoues cf a single vitamin 

by alterin the metabolite in different ways. These dif- 

ferent inhibitory analoues of th same vitamin have certain 

qualitative differences iii their boloica1 actIon. /iso, 

substances of quite diverse 8tructural changes may have 

similar action. It houid be emphasized that niere random 

alteration Of a metabolite cannot be expected to produce an 

ìnhibitorj azialoue. 

The theory of competitive inhibition of compounds by 

their structural analogues is not only a relatively new 

one, but it i 8t111 largely in the formative stase. The 

antagonistic behavior of structurally similar compounds is 

usually the result of such compounds competing for the 

attention of the organism, The most 1ikelr theory to date-- 

but one which is not entirely free of flaws or exceptions-- 

states that the analogue competes with the vitniin for a 

specific site in an enzyme system (6, 37-39, 66, 118). 

ither compound can occupy this site at the expense of the 



other 8iflOê both, being olosely alike liA structure, can 

react with the cheriiical ¿croups of the enzyme components 

(generally a specific protein with or without cerbain iii 

oranic ion activator3 or other molecules). If tie vitamin 
combiìes with the other coiporionbs maidn up the euizyie 

)raten1, he enzyme wi].]. be ctìve, and able to perform t 

metabolic reaction for which th3 system iS adapted. If a 

competitive aialoue of the vitamin combines with tue 
enzfxfle conijoie-xts, an inactive enzyme is foruied because of 
slight differences in the esiential groupins, and imortant 
metabolic reactions cannot be performed. It should be 

pointed ot that once the analogue has tied up the corn 

ionents of the enzyme system, they are no longer available 
to form active eLIzyne With the vitamin. In this wad, the 
analogue prevents tie body from makin use of the vitamin- 
enzyme system, therebd producing the sanie syintons as would 

occur in an actual deficiencj of the vitamin. 
The extent to which the vitamIn or it analoguo corn- 

bines with the enzyme components depends on the relative 
concentrations of the two. Sinìce the vitamin norally fits 
int the enzyme system better than the inhibitor, a greater 
concentration of the inhibitor la needed to effectively 

compete with the vitamin for its place ifl the enzyme sjs- 

tom. Some analogues have given concentration ratios as low 

as 14:1, but iioSt of them are higher, with some in the 



neihboxthood of svera1 thousand to one. 

The potency of an inhibitor depende o;. two things. 
First, the inhibition index, which can be defined as the 

ratio between th concentration of &na1oue nece3ary to 

cause . bio1o1ca1 rons arid that of' the rnetabclite 
needed to reverse it and second, the potency of the metab- 

olite concerned. If only a small amount of a metabolite is 

needed and stored by the organism, then there is more chance 

of producing an effective analogue. For example, the sulfa 

drugs are potent because the cell concentration of p-amino- 

benzoic acid iS low and unable to reverse the action of the 

inhibitor. 
The phenomenon of competitive inhibition has a number 

of interesting phases. For example, the action of inhibi- 

tory analogues varies with the animal species tested, being 

inhibitory in some and not in others. In some cases the 

related vitamin will not reverse the action of the inhibi- 

tor. In some species the analogue is inuiibitorr only if 

the corresponding vitamin is a nutritive essential for the 

particular species; in other aniiials, no euch correlation 

exists. 

Many inhibitory vitamin analogues are antagonized by 

natural compounds anrelated to them. All of these natural 

compounds are specific amino acids. They are frequently 

effective in cases w1ìere the related metabolite fails to 
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revexe the ih1bition. 

Antivitamins of a non-competitivo tyrie aleo exist, but 

not muci is known about them. These antivitaniins have 

nothing to do with structural sirnilarites between the com- 

pounds involved. 

There are a f ei antivitamins known that inhibit vitamin 

activity by inactivating or chernical1 destroyin the vita- 

min itself. In this class of antivitamins the inhibitors 

are generally proteins. xanple of these include ascorbic 

acid oxidase which destroys ascorbic acid activity by 

hastening oxidation; and an enzyme in raw fish which 

destroys thiamine by splitting it into frauents. 

The third type of antivitainin action is an irrevorsi- 

ble combination or adsorption with the vitamin, making it 

unavailable, Avldi:1i (antibiotin), a specific protein of 

egg wiit, affords a unique instance of a aat'trally occur- 

riiì substance capable of combining with a v.ttainin to 

render it unavailable. One molecule of avidin combines 

stoichiornetrically with one moleci1e of biotln to tve a 

complex not brokan down in the process of diestIon. Heat 

denaturizaton of egg white destroys the biotin-combinin. 

capacity of avidin (19,20). 

An interesting exaniple of what has been thought of as 

an antivitarnin effect is the relationship between corn 

diets and peilagra. In this case a low tryptophane intake 

in the corn diet serves to increase the requirements for 



li 
nicotinic seid, whien must be present ii adequate amounts 

to prevent pei1ara (21). 

Thiaìine 

Of the known vitamins, thiamine is one of the most 

widely distributed in nature. Near1r all striictures of 

plants and animals seem to contain at leìst braces, but lt 
is not stored to any great extent in the animal organlsni0 

Thiamine also functions in a wide variety of microorganisms 

and insects. Some microorganisms are able to synthesle 
thiamine. In the various forms of life it plays a funda- 

mental role in the physiology and chemistry of the cells. 

Thiamine is a colorless, basic organic compound, corn- 

posed of a thiazole ring and a pyrimidine ring (Figure 1). 

The pyrimidine ring occurs in many physiological substances, 

whereas the thiazolo ring Is rare in nature. Thiamine is 

adsorbed on activated fuller's earth or charcoal. It is 
soluble in water, alcohol and glycerin, but insoluble in 

ether, chloroform, benzene and acetone. The vitamin does 

not show optical activity. Stability is good in strongly 

acid solution, but it is unstable in weakly acid or alka- 

line solutions. Thiamine is very sensitive to both oxi- 

dation and reduction. The vitamin action of thïamine is 

connected with the specific structure of the molecle. 

Slight changea in the molecule are enou;h to inactivate it 
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Figure 1 

Structural Formulae of Thiamine 
an its Moieties 
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Thr cst species. 

The precise chemical processes in which the vitaniiri 

participates are not clearly understood, but it is known 

ti.t thiamine is intimate1 concerned in intermediary ear- 

bohydrate metabolism and in bio1oica1 oxidative reactions, 

Phoapiiorylated thiamine serves as the rosthetie croup foi 

a family of enzymes which Green (29, p.l20) terms thiamino- 

protein enzymes. We are compelled, by a consideration of 

enzyme studies ccrried out, to suppose that thiamine has 

rany funct1on as a coenzyrne In nature. Thiamine in ita 

bio1oica1iy active form, the PyroI)Ilosphate (diphospho- 

thiamine), is a coenzyne which, in combination with a 

specific protein, acts as a cata1st in bio1oticai reac. 

tions, The best estabLtshed ones are the two irnown reac- 

tiens of its pyrophophate which, in association with a 

yeast protein, can brins about a siip1e decarboxylation of' 

pyruvie acid, or, in association with othGr specific pro- 

tema, can act to prenote a airu1taneoua dehydroGenation 

aiid decarboxylation (oxìdative decarboxr1ation) of pyruvic 

acid to foim acetic acid and carbon dioxide. Dìphos)ho- 

thiamine has been found to be indispensable for oxidative 

docarboxylation. These reactions take place in most of the 

active bod,r cells, and are not confined to specialized 

tissues (lO3,1OL.). 

Common thiamine deficiencj symptoms in higher animals 
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include loss of appetito, loss of body weiht and nervous 

disorders. The exact role of thiamine in the normal 

nervous system is unknown. 

The many methods which have been proposed for the 

analysis of thiamine can be classified as animal, micro- 

biological, or chemical. Each class of methods has certain 

disadvantages which limit their usefulness. 

Three different types of animal assays have been used 

extensively: (1) growth measurements, (2) curative tests, 

and (3) physiological responso. The first type uses the 

amount of thiamine necessary to maintain a certain average 

growth rate in young rats or chicks. The second, measures 

the recovery of rats or pigeons from thiamine deficiency 

symptoms induced by feeding thiamine-free diets. The 

third type has reference to the rat bradycardia method. On 

a diet lacking thiamine, the normal heart rate (52g por 

minute) is slowed (bradycardia) to about 3O per minute. 

The amount of thiamine which must be administered to re- 

store the normal rate can be accurately observed by the 

electrocardiograph (, p.71) (64, pp.158-9). 

There have been about seven different chemical methods 

d*ieloped for the determination of thiamine U3,75, pp.128- 

130). Most of these are not used very much because they 

are limited to pure thiamine solutions. However, two 

chemical methods find wide experimental application. 
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The thiochrome procedure depends upon the oxidation of 

thiamine to thiohrorne, which fluoresces in ultraviolet 

lit. Under standard conditions and in the absence of 

other fluorescing substances, the fluorescence is propor- 

tional to the thiochrome present, and hence to the thiamine 

ori;inally in solution. Thiamine in aqueous solution is 

oxidized by means of an alkaline solution of potassium 

ferricyanide. Thiochrome is extracted with isobutanol 

before the fluorescence is measured. If' necessary the 

thiamine nay be freed from interfering substances by treat- 

ment with adsorbents whioh retain thiamine but not the 1m- 

purities. Subsequent elution usually provides an extract 

sufficiently puro for analysis (, p.73) (O,t12,7, pp.128- 

9). 

The Melnick and Field method involves the adsorption 

of thiamine on zeolito, its elution with potassium chloride, 

and treatment of the eluate with diazotized p-aminoaceto- 

phenone (67). The resulting pigment, which Is specific for 

thiamine and the reagent, is extracted with xylene and 

measured colorimetrically (61,62). 

There are three microbiological assay methods for thi- 

amine which are coimìionly used, First, the growth of }ie 

mold Phycomycos blakesleeanus is proportional to the con- 

contration of thiamine present in a synthetic medium. 

Usually the weight of the mold is taken as a measure of 1t 

growth, but a modification utilizes the increase of carbon 



dioxide given off by the uo1d (75, p,131). Secondly, with 

certain yeasts, the rate of fermentation in a specially 
prepared medium is proportional to the amount of free and 

bound thiamine resent. By measuring, in terms of carbon 

diox!de ga produced, the stimulation brought about by a 

known amoimt of sample and comparing this to the stimula- 

tiori induced by a known quantity of thismine, it is pos- 

sible to estimate rather accurately the thiamine content of 

the sample (, p.8) (78-82). The third niicrobiologleal 

method uses Lactobacillus fermentum which needs thia- 
mine durin its early stages of growth. The growth of this 
organisri is determined turbidimetrically after 16 hours and 

compared wIth a standard curve which is run with each assay 

(15,76). 

Antithlamlne Factors 

More work has been dono with the antithiamne factor 
found in raw fish than with any other antivitamin substance 

affecting thiamine. ceI1ent reviews of experimental work 

dealing with the fish principle have been written (56, 65, 

99, 131). 

Severe losses of silver foxes due to paralysis led to 

the discovery of a thiamine-destroying substance in fish. 

It appeared that onset of flChastekv paralysis in the foxes 

was related to the consumption of raw fish. Green et al 
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(30-33) studied the patho1oy of the dLseae, and v.ntu- 

ally proved that Chastek paralysi8 iS due to a thiarithe 

deficiency, induced by a factor found in cortath species 

of raw fish. ParalysI3 may be )roventcd by feeding 1are 

does of thiamine, oi by injection of thiamine, It nay be 

prevented by not feeding the raw fish, These iiwasti&ators 

also found that both the víscera and tz.irnnthgs were more 

active than the whole carp in producin the para1y$ia in 

2oXe3. Apparently the disease studied is an uncomplicated 

thiamine defIciency. This wa confirmed b feeding raw 

fis:i to cat3 (Smith et ai, 9I) and chik (Spitzer et al, 

97) with production of typical deficien.cy iyptoms. One 

group of orker3 (97) oarxiod out sorno in vitro exporiment3 

in which they incubated raw carp tiue with added thiamine 

and then attpted to recover the added thiamine by the 

thiochrome method. In this way they zhowed that the de- 

struction of thiamine occurs in the food mixture, and i 

related to the time the raw fh and thiamine aro together. 
Th1s antithlaminQ substance ha been found in a number 

of fresh..water fish such as carp, suckers, chubs, and cat- 

fish (27); and a few marino fish like smelt and herring 

(17, 28, 148, ô, 131). It ha been demonatrated in raw 

starfish by the development of polynouritis in rats fed ono 

or more grams of starfish per day (57). ClarAs (63,101) and 

animal tissue (i.j.9,1l1) have also been shown to contain this 

substance. 
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Most of the work since 19)4 has been directed toward 

a study of the active principle involved: methods of ex- 

traction and concentration, assay, properties, and the 

nature of its reaction with thiamine. 

itraction techniques vary, but generally fall into 

four groups. At first, a water suspension of round raw 

fish viscera was used. Another procedure is to extract 

wit1 a 10 percent solution of sodium chloride. A third, is 

to treat the fish with acetone, which leaves an active 
powder of dehydrated, fat-free fish ti8sue. The fourth 

utilizes an extracting solution of chloroform mixed with 

water. 

The method of thiamine assay used is an important con- 

sideration. The chemical methods are much more sensitive 

in detecting small amounts of thiamine than are animal 

tests. However, it has been found that the chemical 

methods cannot be directly and indiscriminately applied to 

the assay of thiamine in fish (6). In general, the thio- 

chrome procedure is favored over the Meinick and Field 

method for studies on the fisli principle. Interfering 

substances, which are difficult or impossible to eliminate, 

may be encountered. One group of workers (116) has used 

the growth of a mold, Phyc.omyces blakoaloeanus, in a study 

of the fish factor. 

The general method of study includes the addition of 



19 

thiamine to the active solution of antithiamine. This 

mixture is incubated for two hours or longer at 200 to 

37° C. The ronainin tharnine is determined by the methods 

discussed in the previous paragraph. Sealock et al (83) 

have standardized the assay procedure. 

Green et al (32) have suggested the possibility that 

the reaction between thiamine and the destructive factor is 

enzymatic, The rate of reaction and the relation of quan- 

tity of thiamine destroyed to amount of active principle 

are al]. suggestive of an enzymatic reactioi. The solubility 

of the factor in dilute salt solutions, the rapid destruc- 

tion '07 heat, and the precipitation by common protein pre- 

cipitants indicate the fish principle to be of protein 

nature. Sealock et ai (33) determined the amounb of thia- 

mine destroyed as the pH was varied from 6 to lO.. Thia- 

mine loss was correlated with changes in temperature over 

the range 200 to 7S° C.; and wa also eoirrpared with the 

amount of active extract per 10 cc. of incubated mixture. 

The rate of destruction of thiamine up to five hours of 

incubation at 370 C. was also determined. The results show 

the rate of destruction is maximal at a pH of 9.1 and tern- 

perature of 600 C. It is proportional to the amount of 

principle used and is characterized by first-order reaction 

velocity constants. These facts, together with evidence 

of the catalytic nature of th reaction, strongly suggest 



that the principle affecting thiamine lose is an enzyme. 

Green et al (32) and Spitzer et al (97) have reported 

that the substance is heat labile, since a diet of cooked 

carp causes no thiainine deficiency syinptom8. 3ea1occ et 

al (83) have shown that heating for 30 minutes at 1000 C. 

will ccnp1ete1T Inactivate the factor. The fi8h principle 

reaction is different from the biotin-avidin relationship, 

as indicated by the fact that when the biotin-avidin corn- 

plex Is heated, all the biotin can be recovered (19,20); 

when the thiamine exhausted fish principle-thiamine solu- 

tion is heated after incubation, here is no measurable 

thiamine recovery. Thiamine cannot be recovered in an 

active form after destruction by the fish principle with 

either acid hydrolysis, proteolytic digestion, or with 

heat. This is further evidence for the enzymatic nature 

of the reaction of the fish principle. 

Woolley (121) and Krampitz et al (5) have studied the 

properties of the destructive principle. On dialysis, ib 

was found that the active principle is made up of two 

fractions. lIowever, ndither the dialyzate nor the non- 

dialyzable fraction exhibited full antithiamine activity 

when used alone. The dialyzate contained only about 10 

percent of the original activity, and the non-dialyzable 

portion slightly more. Most of the original strength could 

be restored by mixing the two fractions. It was found that 
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only the nondialyzcb1 fiaction is heat labile, 1x1a3ch 

a th boiled dialyzate s as elective ts the unboi1ed in 

rostorinL activity when added to t1e nondia1yzab1 frac- 

ticn. l3hagvat ar.d Devi (II) stid1ed the action of' the fish 

principle under dia1Ti3 and the stabi1iti of the fractiona 

thus seoaratcd, their concivaion beiflt ín ar'eeuîont with 
o 

the work of Krampitz et al. Aren (1) fomd that when a 

solution of the fish pi'inciple is compltelj inactivated by 

dialysis, the activity can be restolled by the addition of 

glutathlone. Still another group ha3 dernoutraed that the 

activIty of a soLtion of dialyzcd fish prncil can be 

restored with mangarious and cohaltous iorì (88). 

In 19)44, Sealock and Gcod1and (Cli) found further con- 

clusive evidence of the enzymatic nature of the fish prin- 

ciple by studying the inhibiting effect of a nuiber of typ 

ical enzyme poisons on the rate of thianine destruction. 

Only a few poisons could be tried becauae maiy interfere 

with the Melnick and Field thiamine asear procedure. Cys- 

teme (0.0001 mole/liter) inhibited thiamine deseruction 

57 percent; cupric sulfate, zinc chloride end ferne 

chloride (0.001 mole/lIter) have about !4.O to 50 percent 

inhibition; potassi1m cyanide (0.001 niole/liter) 25 per- 

cent; sodium fluoride and lodoacetic acid (0.001 ¡iole/liter) 

gave about 5 to 15 percent. Inhibition of thiamine de- 

struction was also produced by several derivatives of the 
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thiazole and yriiidine moitie of the thiamine molecule, 

particularly thc 3-o-aünobenzyl-L-xiothl hazolium chlo 

rido derivatives. The extent of this latter inhibition 
proved to be dependent upon the ratio of its concentration 

to that of thiamino, The data prsscnted show that the fish 
princIple behaves with inhibitor substancos s do many 

enzymes. 

Krampitz et al (5) deonstrated the presence of tue 

thiazole and pyrinildine noictios of the thiamine molecule 

in the thianiinefish prInciple mixture. Ths reaction, 
apparently a hydrolysis of the rnolecIe, is complex in 
nature. In sodium chloride extracts of fIsh principle plus 

thiamine, the free thiazole appears fIrst, with ths pyri- 
niidine fraction being liberated much niore slowly. However, 

in a tissue suspension plus thiamine, the pyriinidine moiety 

is freed as rapIdly as the thiazole portion. A second 

enzyme not extractable with sait 3olutiorls seems to be in- 
volved, (This reaction has boon firthe irlve8tigatod by 

D. J. Hennessy, h4-5). Use of mold arid yeast cultures 
having specific requirements for each fraction of the 

molecule made It poss..ble to follow the course of the re- 
action. The mold Mucor rariairnianus requires either thia- 
mine or the thiazole zaoicty, while the pyrixnidine moiety is 
essential for rowth of he yeast ]idornyces vernalis, The 

enzymatic cleavaLe of thiamine by the fish principle has 
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been poatu.latGd bj these author8 to yiu1d Lnthy1-5- 

hydroxyt1iy1thazo1c and 2-thy1-a1no-5hdrozyrnthy1- 

pyriid1re. Th reaction a hydrolytie c1cavae of the 
thiamine molecule betwe the .yriniidin arid thizoie 
rina, a shown in Fiurc 1. ea1ock et ai. (CL') reaaoned 

that ;hey should be able to aia1ysc for ti hydrogen ion 

given off In the reaction. They ddcd sodium bicarbonate 

solution to the fish factor-thiamine ruixture and atte:tod 

to measure the carbon dioxide 1vea off by means of the 

warburg technique. However, their data were not redro- 

ducible when coared with chemical detrai.natiom of the 

thiamine lost in the reaction. 

The fish principie has been concentrated about twenty 
times without øerious lose of activity by salting out with 
saturated solutione of imoniumn sulfato, The enzyLne serus 

to belong to the rou of albumins, d the isoelctric 

ÇOiflt is close to a pH of 5.0 (2). 

To dato, there is evidence for wo or three different 

thiarninases WhiOh have been found in fish (131), The 

pattern of distribution in various species makes Lt im- 

possible to predict which ones arc expected to contain the 

fish principle. Some workers have reported tiat the thia.- 

minase In dead tissue destroys thiamine, but in living 

tissue it is activa in thiamine synthesis or has no effect 
on thiamine (16,50-l). However, additional experiitexita1 
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data are necesstry before this point can be understood iore 

fully. The wide occurrence of thiaminae mïght ugget a 

possible phy.iologica1 function, but at present none i 

known. 

Several synthetic antithiamines have been made that 

inhibit utilization of thiamine by microorgani8rns and 

higher species. Among the first of the animal antivitamins 

to be created was pyrithiamine, which was synthe3ized in 

19)41 (113). TIis syntbetic analogue of thiamine differs 

from the thiamine molecule by having the -S- of the thia- 

zole ring replaced by -C=C.. It has been used more ex- 

tensively than any other thiamine analogue for experimental 

work. 

Woolley and White (122) observed that pyrithiamine 

produced characteristic signs of thiamine deficiency in 

mice. As little as 20 micrograms of pyrithiamine per day 

eventually produced deficiency syptoms and death of the 
animals. All symptoms could be prevented or cured with 

appropriate amounts of thiamine. The action of this corn- 

pound does not depend on the absolute amount present, but 

rather on the dietary ratio of pyrithiamine to thiamine. 

These same workers found that pyrithiamine also in- 

hibited the growth of certain microorganisms (123). Those 

needing preformed thiamine for maximal growth were unable 

to grow in the presence of small amounts of pyrithiamine. 
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Tiuiwnino prevntod thi8 growth inhibition when t1i concen- 

tration ratio was ten parts cf pyrìthiar$ne to one pert of 

thiamine. Str&ins which only required the pyrimidine or 

thtazole moiet1e for growth were 1es suceptibIe, with 

an inhibition ratio ol' 1000:1. .z, coli, which doe not need 

thiamine or its raoleties for growth was not inhibited by 

pyrithiarnine, von in a OO,OOO:1 ratio. Robbins (71) rade 

a similar studj with various 8pecieB of fungi. 8$ (130) 

did some further work w.th Staphylococcus aureus and E. 

coli, but his antibacterial indices of pyiithianiine with 

these or nists differed açreciab1y from the values 

obtained by Woolley and White (123). One may conclude fron 

these data that the more exacting a given species is in its 

requiremeits for thiamine, the more susceptible it is to 

the action of pyrithiamie. 

Sarett and Cheldelin (77) found pyrithiamine to be 

more inhibitory to the utilization of diphosphothiamine 

(cocarboxylase) than of thiamine in the growth of Lacto- 

bacillus fernentum ool1ey (124) was able to develop 

a strain of the yeasb Endomyces vernalis which was not 

affected in growth by a concentration of pyrithianiine 25 

times that necessary to inhibit the growth of the parent 

strain. This strain of yeast was able to convert half of 

the pyrithiarni-ie into the pyrimidine portion of the thia- 

mine molecule which it needed for growth, 
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Accordiri to Wi1on and Harris (117) pyrlthiarnine Is 

not a pure compound, but a mIxture, These workers contend 

that thc. synthesis of Tracy et al (113) gives a mixture of 

compounds whose properties vary a little from the expected 

compound. They have synthesized the true compound which 

they call neopyrithiamine. The aritithiamine activity of 
neopyrithlamine is slightly ¿reater than pyrithiarnino. 
Both compounds have the same structure; the synthesis of 

Wilson and Harris giving the pure substance, and that of 

Tracy s.nd Elderfield giving the desired substance plus 

others acting as impurities. 

Oxythiamine (7) is an analogue of thiamine in which 

the amino group in position 6 of the pyrlinidino nucleus is 

replaced by a hydroxyl group. It has been reorted (96) 

to be toxic to mice on a low thiamine diet. These workers 

also fonnd that this compound inhibited thiamine destruc- 
tion by the fIsh principle. Another group (23) compared 
the relative antithiamine activity of oxythiamine with 

neopyrithiarnine when these compounds were fed to mice. 

Their data show that the antivitamin effect of neopyrithi- 
amine is more pronounced than that of oxythiamine. 

The 2-n-butyl homologue of thiamine differs from thia- 
mine only In having the n-butyl group substituted for the 
methyl group attached to the pyrimidine nucleus. Rats fed 

this analogue (22) developed polyneuritis, which was over- 
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come by feeding thiamino to the rets. The ethyl and n- 

proprl homo10 ics josseis thiarnino activity. 

Many derivativc of the thlazole and pyriLlidino moi- 

eties show antlthiaminc activity (87), Seva et al (89) 

repotod th&t sulfathiazole iithibited the curboxr1so 

sy3tem of Staphylococcus aureus and E. coil to a greater 

extent than several other sulfonamides. The presence of 

the thiazole rin in sulfathiazole might account for the 

greater inhibition produced by this compound. They also 

5howed that the partial inhibition of yeast or Staphylo- 

coccus aureus carboxy1.se by sulfathiazole could be over- 

corno with cocarboxylase (90). Thiazole pyrophoshatc 

Markedly inhibits the enzymatic decarboxylation of pyruvic 

acid by dried brewer's yeast (12). Thiazole alone, its 

monophosphate ester, or sodium pyrophosphato Give no such 

inhibition. Sealock and Goodland (61j.) have synthesized 

several derivatives of thiazole and pyrlinidine which in 

hibit the fish principle. 

In l9l, Rommel and Vedder (7L.) observed that pigs 

fed excessive cottonseed caine down with what they thought 

was beriberi. They reasoned that there was an anti-thia- 

mine in the cottonseed. This diagnosis of cottonseed 

poisoning was shown to be wrong, however, it was probably 

the first suspicion of an sntivitamin substance. 

Two modern groups of workers have discovered anti- 
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thianine &ctivity in various 1art iiteria1s. Agren (3,), 

it the University of Uppa1a in Sweden, hs.s studied the 

occurrence cf a sibtance found in leaves which interferes 

with the chemical determination of thiamIne by the method 

of Melniok arid Fie1c. Conon foraaes and vetetab1e are 

low in the interferinG substance, but aspen and birch. 

leaves are hih1y active. The factor is alcohol soluble, 

with phenol-like character and reducing propert1e. It is 

an electroneutral, low-molecular weight substarìce, contain- 

in no sulfur, phosphorus or nitrogen. Under the influence 

of this factor, thiamine is apparently reduced. When thia- 

mine has interacted with vitamin C, cysteine-, or the leaf 

factor, the Melniek arid Field method shows no recovery of 

thiamine; the thiochrcme method and Phycornyces bl.keslee- 

anus assay procedure show complete thiamine recovery. These 

data show the advantaCe of usina the thiochrome method over 

the Melnick and Field method when reducini; substances are 

present. 

Bhagvat et al (8-11,102), working in India, have ob- 

served that certain crea1s, legumes, and oil seeds rapidly 

inactivate added thiamine. When O micrograms of th1amne 

were added to a 10 percent suspension of either rice poi- 

ishixigs, ragi, wheat ¿erm, or certain seeds, as much as 90 

percent of the thiamine was destroyed overnight. In 

certain. cases, after only seven minutes of treatment, as 

much as 75 percent of added thiamine had disappeared. That 
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the loss of thiamine from solution was not due to adsorp- 

tion on the solids was shown by the fact that activo 

aqueous extracts free of solids cari be prepared. The 

factor is slightly soluble in alcohol and is not extract- 

able with dilute salt solutions or acetone. The extracts 

are largely stable to 'neat, including autoclaving. On 

dialysis, activity is found on both sides of the membrane; 

that which is retained by the membrane is heat labile, 

while the inactivating factor of the dialyzate is heat 

stable. The rate of thiamine inactivation is not influ- 

enced by pH over the range 2 to 7. The properties of the 

factor indicate that it is not an enzyme. These workers 

employed the thiochrome method for most of their investi- 

gations, but also used rats and pigeons for thiamine 

assays. They tried a new biological method for thiamine 

assay which utilizes the growth of mosquito larvae. Using 

this method they found that biologically active products 

or thiamine are present in the incubated solutions. 

Antithiamine Activity of Bracken Fern 

In the plant kingdom, ferns bridge the gap between 

the simple plants (algae, fungi, liverworts, and mosses) 

and the complex flowering plants. They have a root system 

for absorption of water and minerals, a stem wIth adequate 

conductive channels, and a foliage of leaves especially 
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constructed to manufacture food; In all these ways improv- 

Ing upon the conditions existing among the siniplo plants. 

In spite of these advances In vegetative complexity, the 

fern plants have not developed reproductive habits involv- 

Ing flowers, fruits and seeds. 

Bracken fern (PterIs aquilina) is the most widely 

distributed of all the thousands of species of fern. The 

stems ar coarse and erect, branching Into three quite 

distinct sections, each bearing a ubdivIdd leaf. The 

height of bracken fern varies from one to twelve feet, de- 

pending upon the climate and soi]. condit:ions. The leaf 

spread averages several feet. This fern generally in- 
dicates poor and barren soil. It commonly grows In open 

woods, meadows, and on burned-over land pp.101-6). 

Bracken fern poIsoning of livestock has been known 

Cor some time. When feed is scarce and fern is available, 

the animals will eat excessive amounts until they get sick 

or die. There are ood reviews of tuis sLbject in refer- 

ences (24,98). An animal experiment using helfers was 

conducted in England ifl ari attenpt to discover the causa- 

tive agent (92). One animal was fed bracken fern exclu- 

sively; the other was fed 0 percent bracken fern and 50 

percent normal food, consuming three-fourths of the total 
fern eaten by the other heifer In the same time. The 

animal eating fern only lost considerable weight and had 
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to be killed because 11 wa near death and sufferin too 

much. The other heifer lost only a little weight arid 

showed no other harmful effect. These workers could not 

determine the nature of i1e BubsaL1ce responsible or tell 

how it interfered with the physiology of the animal. Other 

workers attempted to implicate the tannins in fern or to 

reveal the presence of poisonouc alkaloids, but were un- 

successful in identifying the causative agent. 

A group working at Oregon State College found that 

rats fed 40 percent bracken fern died in twenty days, with 

t:iaaine deficiency symptoms shown before death (314.,ll). 

Vhen rats were a the point of death and a dose of thiamine 

was iven, they showed rapid recovery and weight gains. 

Haus which received supplementary thiamine from the be- 

giimin made good sains over a eriod of Live weeks on 

rations containing iO percent fern. It was also observed 

that fern which has been steamed for 30 minutes is not 

toxic to rats when fed at the Lo percent level (3). The 

factor is insoluble in ethyl ether and acetone, but appears 

to be s1ightlr soluble in 92 percent ethyl alcohol. 

The experim6ntal work with rats was confirmed later 

by workers in England (21t,112). The blood of rats fed 

large amounts of fern shows a low thiamine level and a 

high pyruvic acid level when compared with normal animals. 

Bate that dio of bracken poisoning also have abnormally low 
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thiamine concentrations in their livers and hearts. 

When horses are fed bracken fern, the thiamine content 

of the blood sets very low. If subcutaneous Injections of 

50-100 mgs. of thiamine are given daily, the blood thiamine 

level becomes normal. Cattle dying of bracken poisoning 

also have low blood levels of thiamine (2h.). 

Prom the foregoing dicusion it is apparent that 

bracken fern Induces a thiamine deficiency in animals when 

fern Is fed at a sufficiently hich level. Posribio modes 

of action Liclude enzymatIc, analogue, and adsorption 

mechanisms (2i4,l0). 

$ome workers have Incubated fern suSpCnsions or ex- 

tracts with various levels of thIamine and determined the 

thIamine destroyed by the fern, Thomas and Walker (112) 

found that when one gram of fern iS Incubated with 5-250 

micrograms of thIamine at 370 C. for 12-2L. hours, 98 per- 

cent of the thiamine is destroyed. When 10,000 micrograms 

of thiamine are used, 65 percent of th thiamine i de- 

stroyed. They observed that the active factor is inacti- 

vated by hydrolysis with dilute hydrochlorIc acid and by 

autoclaving. It passes largely unchanged through the rt 

gut because of the high activity found in the feces. 

Evans and Evans (2L.) incubated fern and thiamine 

overnight and then analysed for thiamine by the thiochrome 

and mold methods, The thiochrome method sh-yed the 



thiamine was 90 percent detroed; hrcornyces blakesleeanus 

showed no detruction, They concluded that the ferri factor 

Ects 1ke ari enzyme, sp1ittmn the thiamine molecule Into 

the pyi'IitIdine and th:i,azole moietie5 11ko the fish factor. 

Their evidence is ha5ed on the fact that the mold responds 

to the thiamine rioleties and the thIochroe mothod responds 

only to the thiamine molecule. If the thiochrorie method 

ahow marked loss of thiamine, there is little present In 

solution; If then, the mold shows n.ornai &rowth, lt must be 

due to moieties in solution because there Is little thia- 

mine lft. They Indicate that the factor is relatively 

heat stable. 

Recently, a worker In Switzerland (9g) has reported 

that the fern factor Is extractable with dilute sodium 

chloride solution. His experiments Indicate that the fac- 

tor is tbermostable and dialyzable. He concludes that it 

is different from the fIsh principle, and has an instan- 

taneous action on thiamine. 

The experimental work presented in this thesis Is an 

attempt to determine the mode of action and some of the 

properties of the active factor found in bracken fern by 

means of the microbiological method of Sarett and Cheldelin 

(1S,76)0 



U'aIAL Mi.THODS 

The methods used for the analysIs of thianilne have 

been reviewed on paes it1.-16, and their advantaes and dis- 

advantages will now be discussed, with particular reference 

to the choice of a method for this problem. 

Animal assa:s are of importance in determining the 

thimnine available to an animal, but this type of assay 

procedure has many disadvantaea. The growth . test with 

rats (16) requires six to eight weeks for completion of an 

assay. The rat curative procedure is slightly shorter, re- 

quiring only a Live to eight-day recovery period after the 

depletion. This ti:ìe-consuming feature is one of the prin- 

cipal disadvantages of the animal methods. This, coupled 

with the need for large group5 of animals and carefully 

prepared diets, makes them also very expensive. Like all 

biological data, the results vary considerably depending 

upon the particular group of animals or upon the techniques 

employed. The fact that intestinal bacteria can synthesize 

thiamine introduces another complicating factor into the 

evaluation of data obtained by animal assay methods (5, 

pp.71-2). 

Chemical analyses can be carried out rapidly and 

economically and are more applicable to routine deter- 
minations than most of the other methods, The thiochrome 

method is more widely applicable to food and feed products 
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thalL the Melnick and Jieid iiethod, wLicit requireE niore 

thiamine per ii11i1iter of extract for relittble assays. 

Botì methods give wireliaile results when crtir.t iriter 

ferin1ç subtancee are present. The Melnick and Field 

method IS paricuiarly 2tflSitiVe to these interferIng sub- 

stances (86). 

ikie thiamine requirement of varicu microorganisms 

differs considerab1,r. Some tìcrooranisns can 8yntheSìze 

the vitamIn from the more elementary constituents of a 

medlUIfi ¿i.nd would not be useful for an assay procedure. 

There are several org auisms w1ich requìre an external 

suppl:ï of thiamine (66, pb720) . These organisnis vary in 

their aynthetc abilities, soirie being able to construct the 

prmidIne but not tle thiazole portion of the molecule; 

these rtust be furu.shed with the th1aoie portion, but very 

few organisms of this kind are knorn. Other orai.tisms can 

Li&kC the thiazole but not the pyrImidin portion of the 

moleoule; th6se are ìore coirinon. Still other's ar-e unable 

to construct either the thiazole or pyrimidine moieties but 

can combine th two into the ccrnplcte thianine molecule. 

Still other microorganiais require: the intact molecule. 

The microbiological methods Include fermentation pro- 

cedures aria. iethods Involving the growth of, or acid 

production by bacteria, yeasts, molds, or fungi. They 

consume much loss time, are less expensive, and yield more 



reprodcib1e results chan the aiìiai aaya. Frcm foutr 

iìOUI to thr days ar rqiired to com1ote an assEy. 

TheIr main disadvantae í the tdney for aibstaiices 

ot.cr than th1aiiin, eia1iy broakdowi producia of bhi- 
a1ne, o rQ3)o.1:ld L the sari way as the v!taiA, Contam- 

Inatioil by Oth3r orgauìsìis and iuuta'tloiia of the particular 

straia of ornism used .Ln a ¿ive.0 aaj procìure also 
will cause troble (5, p.72). with iiproveinertt of th 

niethods by including blanks and standard curvc each timo, 

accuratc values can be obtained. 

In 3neral, the chenloal proc twes gire s1ihtly 

lower vaiu3s than the aninal or microbiological, probably 

due to the neasurcuerat o ELudi rnriounts o nonthiamine 

materiala In the latter procedu'es, or to the imposiiblity 

of coiiplote extractlon or rocovorj of thiairiine in th 

rormcr proceduies. In spite of tha ìiany diaadvar1tge3 of 

a.ninal ¡iethods , thor constitute the ouly true neasure 01' 

tiiiinc that s available n ihe nutrttion of aniixals. 

The cherical and niicrobiolöicai iiethods are valuable tools 

in vitamin resrch, bUt correlation of c'.ata obtained by 

thcc netnocìs wftb anil nutrition must be done w.th 

caution. The relative sensitivities of the var±w aaay 

proccducs are shown in Table 1. 

In the laboratory where this work was carried out, 

investiations were being ìade with animals and with 
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Table i 

Helative Sensitivities of Thiamine Assay Methods 

Type of Test Principle of the Test Sensitivity 
(Mie rograms) 

Animal Cure of rat polyneuritis 

Hat Lrowth 

Hat bradycardia 

Chemical Melnick and Field 

Thi ochrome 

Microbioloical Yeast fermentation 

Growth of nld 
(Phycomyoes blakesleeanus) 

5-lo 

2 daily 

I-' r' 
s 

5-lo 

0.5-1.0 

1.0 

0.01 

Turbidity of bacterial culture 
(Lactobacillus fermentum j) 0.005 

chemical methods. It seemed advantageous to conduct ex- 

periments with a microbio1oica1 method in order to compare 

results with the other methods. The greater sensitivity of 

the Lactobaclilus fermentum microbiological method, its 

speed and versatility, made it a natural choice for this 

work. 

The mold growth procedure for thiamine assay was dis- 

carded because of the time element required per assay. The 

yeast fermentation method was not used because the equip- 

ment needed was not available. Moreover, this method is 

not as sensitive as other microbiological techniques, and 
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in addition, is influenced by non-thiamine stimulation. 

The method adopted for this study is based on that of 

Sarett and Cheldelin (15,76) witt. slight modifications, 

using the growth of Lactobacilius Cermentuni to measure 

the thiamine present. Durinß the first 16 hours of growth, 

thia oranïam needs intact thiamine (1L.,91) and is not 

stimulated by either or both moieties of thiamine (76). 

This method has been successfully used with pyrithiamine 

Inhibition studies (77), and hence could be a valuable tool 

In determining the mode of action of the antithiamine fac- 

tor in bracken fern. 

Lactobacillus fermentum 36 is maintained in stab 

cultures containing i percent glucose, i percent Difco 

yeast extract and 2 percent agar. The inoculum for assay 

is prepared from a stab culture by growing at 370 C. for 

16 to 21. hours in 10 ml. of the basal medium to which 10 

micrograms of thiamine and milligrams of Difco yeast 

extract have been added. This generous addition of tliia- 

mine and yeast is to insure that the organism does not 

"learn" to synthesize thiamine in a low thiamine medium. 

The cells are centrifuged out aseptically, resuspended and 

centrifuged twice with 10 ml. portions of 0.9 percent of 

sterile saline, and finally resuspended again in 10 ml. 

of 0.9 percent sterile saline. Two drops of this sus- 

pension are added to 25 ml. of 0.9 percent sterile saline, 
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and one drop of this Is usea to inoculate each assay tube. 

Assays are carried out In 6inch 1ip1es test tubes. 

Ttie sample (at pH 6.5) in each tube is diluted (when neces- 

sary) to 5 ml. with distilled water and ml. of the basal 

medium (pH 6.5) is added. A standard curve is established 

in each experiment for each rack of tubes, and contains 

0.00, 0.005, 0.01, 0.015, 0.02, 0.025, 0.03, o.ot. and 0.05 

microgram of thiamine hydrochloride per tube. Values from 

0.005 to 0.03 microgram of thiamine lie on the best part 

of the standard curve. Â typical standard curve is shown 

in Figure 2. 

Tubes are covered and steamed at 1000 C. for 15 

minutes. After cooling, the tubes are inoculated with one 

drop of the dilute inoculating solution described above. 

The inoculating technique includes the use of a speia1 

pipette, which is an ordinary 25 ml. volumetric pipette 
with bhe delivery tube cut off just below the bulb, and the 
upper tube fltted with a shore piece of rubber tubing. The 

dilute inoculurn solution is sucked into the pipette bulb, 
and then a screw-type pinch clamp is fastened tightly 

around the ribber tubing, The pipette is mounted in a 

burette clamp, and the screw-type pinch clamp released 
enough to allow a desired rate of dropping to occur. The 

racks of tubes are then inoculated by holding the tubes 

directly under the dripping pipette. 
After inoculation, the tubes are shaken, and incubated 
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Typical Stanô.ar. Curve 8howing Growth Response of 
Lactobacillus fermentum to Thiamine 
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in a water bath at 370 C, for 16 hour8. The tubes are next 

cooled in refr1erator for 15 minutes to stop growth, and 

the turbidity rnosurd in a photoe1ctric colorimeter with 

-'. 
o 

a 5L.00 A filter, ueirig an uninoculated tube as a blank. 

iach tube is shaken violently before it turbidity ia 

measured in order to distribute the ornnisnis evenly. The 

colorimeter readings versus micrograrn.s of thiamine are 

plotted for the standard tubos, and the standard curve is 

drawn through these points. 

Turbidimetric measurements were made with either the 

Colenian Model Il Un±versal Spectrophotometer or the Klett- 

Summerson Photoelectric Coloriinetor. with the Coleman in- 

strument transmission readings are converted into extin- 

tien values, which is donc by usIng the foxnula log 100 - 

log percent transmission. The Klett-Summerson measuromenti 

are road directly from a logarithmic scale extending from 

o to 1000, which corresponds to a 100 to O percent trans- 

mission rance. Results in the appendix are expressed in 

extinction values when the Coleman instrument is used, and 

in "Klett units" when the Klett-Summerson colorimeter is 

used. 

Four minor changes were made in the basal medium of 

the original method for use in this investigation.* Twice 

as r'uch nicotinic acId and pyridoxine were added because 

*The author is indebted to Dr.S. C. Fang for suggestions 
concerning changes in the basal medium. 



142 

there is evidence that the organism obcairìs stimulation 

from extr& quantities of these vitamine (25). The cystlne 

content was cut to one-fourth of the concentration sug- 

¿ested by the authors (76), because this organism does not 

need iiucìi cystine (70). The preparation of the alkali- 

treated peptone was changed from a 214hour incubation at 

370 C. to a 72-hour incubation period, with boiling of the 

sciution before and after incubation, This added treatment 

i to insure total desbruction of thiamine in the peptone. 

Satisfactory standard curves were difficult to obtain until 

the above changes were made in the preparation of the basal 

medium. 

The interpretation of results viries with the type of 

experiment, and a discussion of these interpretations will 

be reserved for each group of related experiments, where 

we will have specific data to consider. 

Two saìxrples cf fern, Pberidium aguil1ntm (L.) Kuhn. 

var. pubescens Underw., were used in this work. Srxnple 

H90114 was picked in June 12147 near the town of Alsea, was 

air dried a 2f0 and around with a hanmier mill. It 

was atored in this condition at room temperature. A 

portion of this was ground to a fine powder and aliquote 

were used to prepare fern extracts. Sample H10219 was 

picked near the top of wary's Peak (4000 feet) in July 

1949, air dried at 25° C., and ground to a fine powder with 



a hammer mill. A bIg jar o this wa sealed witi paraffin 

and stored In a refrigerator. Aliquot froìi this jr were 

used to pregare fern extracts. 

Fern extracts were prepared In the followin manner 

unless othefwie specified. One gram of powdered fern 

was incubated with 20 ms. of takadist'ae and 20 mas. of 

papain In t.O ml. of O. percenb acetic acid-soditm acetate 

buffer (pH at 37 C. for 20 hours. Thi3 was centri- 

fued, and the cetrifußate made up to a certain volume 

with distilled water. Aliquots from this were sed for 

experImente after tae pH was adjusted to 6.. Some ex- 

tracte were made by IncubatIng one gram of owdered fern 

with )o ml. of water instead of the buffer solution. The 

former extract will be called an enzyme extroct, and the 

latter a water extr;ct. When ari extract is used ab a 

certain dilution, it means that tbe extract from one gram 

of fern is made up to that particular ïolurne. 



LXPRIMENTAL RESULTS* 

The various experiments conducted in this study have 

been classified into appropriate croups. A representative 

experiment is discussed in detail, and the results of other 

experiments in that group are evaluated. Only pertinent 

data will be shown in this section, while details of al]. 

experiments can be found in the appendix. For example, 

when the results of Experiment 3 are discussed in this 

section, details of this experiment can be found under 

Experiment 3 in the appendix. It is important to keep in 

mind what is being measured In a given experiment. Some- 

times true thiamine is being measured, while at other times 

altered thiamine response is noted. Frequently comparative 

inhibition is measured and used to interpret results. 

Early experiments with fern extracts and thiamine 

showed that there was marked inhibition of rowth. It was 

necessary to establish fern extract concentrations which 

would show about O percent maximum growth within the 

sensitive part of the standard curve (O.00S to 0.03 micro- 
gram of thiamine). It was also found that the fern extract 

had to be added to the assay tubes after the tubes were 

steamed for 15 minutes because the active agent is de- 

stroyed by heat. Preliminary experiments were conducted 

*Some of these results were presented at the American 
Chemical Society meeting in Portland, Oregon, September 
l9L.8. Others were presented at the Federated Meetings 
in Atlantic City, April 1950. 



to stabilize the variable activity of different samples of 

fern, and different activities of fern extracts depending 
on the incubation time used in their preparation. To over- 

come these two difficulties, one jar of ground fern was set 

aside for microbioloaical work, and the technique for the 

preparation of fern extracts was standardized. 

Mode of Action 

The purpose of this group of experinients was to de- 

termine the mode of action of the fern factor, which might 

be postulated to be either an enzymatic, a competItive 

analogue, or an adsorption mechanism. 

In xperiment 1, an enzyme extract of fern H9OlL was 

prepared and made up to 1000 ml. and 2000 ml. dilutions. 

These extracts were added to the tubes at the 1, 2, 3 and 

L. ml. levels. Varying amounts of thiamine were added 

within the concentration range of 0.005 to 0.10 micro- 

grams per tube. 

Hesilts siow an increase in growth inhibition for each 

thiamine concentration level as the fern extract concentra- 

tion is increased from 1 to 14 ni. This Is true for both 

the 1000 ml. and 2000 ml. dilutions of fern xtract, with 

the 1000 ml. dilution showing more marked inhibition. An 

example of this growth inhibition is shown in Table 2. 

The data from this experiment do not enable us to determine 
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whether' the fern fact.cr i enzymatic in natur3, An 

orderlj increase in Inhibition Is noted. 

Table 2 

Growth Inhibition with Fern ixtract 

Fern tract Thiamine Added Thiamine }ecovcred* 

(Milliliters) (Micrograms) (Micrograms) 
1000 mi, 2000 ml. 
Dilution Dilution ______________ ______ ________ ________ 

1.0 0.06 0.019 0.030 

2.0 o.o6 0.008 0.019 

3.0 0.06 o.00ó 0.015 

L.0 0.Ou 0.000 0.009 

*Microorga.flism response equivalent to respective amounts 
of thiamine. 

The data will next be examined in terms of a possible 

competItive analogue mechanism. Then both metabolite 

(thiamine) and antagonist (fern factor) are present, a 

competItive Inhibition exists between them, depending on 

their relative concentrations. In this case, thiamine, as 

part of an enzyme system, is needed to perform a necessary 

physiological reaction in the organism, but the fern 

factor (1f an analogue) Interferes, and the organism can- 

not grow as well as it could without the fern. The f ollow- 

ing equations Illustrate this effect in terms of the mass 

action equilibrium: 
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A r - A 1 - A C A 
k + D'- £W aLLCL 1-_ + hD .-.a + 

L 
-t - - 
K and at 5O inhibition, 

AB AI, and K 

where A he protein part of' an enzyme system 
in the organism 

B the vitamin part of the enzrme system 
Ï the antagonist or inhibitor 

AB the active enzyme 
AI the inactive enzyme 
S substrate for the enzyme system 
P product of the enzyme reaction 
K constant or inhibition index 

In sucb a reaction the protein part of the enzyme system, 

A, is assumed to form a reversible complex with the vitamin 

portìon of the enzyme system, B. The complex formed, AB, 

is physiologically active in the organism, and to 

transform the substrate, S, into c. product, P, which is 

needed for the normal metabolism of the organism. The 

antagonist or inhibitor, I, also forms a reversible complex 

with the protein part of the enzyme system. This complex, 

AI, is not physiologically active, and ties up a frtion 

of the protein so that it is not available to form an 

active complex with the vitamin. Consequently, the con- 

stant or inhibition index, K, is dependent on the relative 

concentrations of vitamin and antagonist, rather than on 

the absolute concentration of either, At 50 percent in- 

hibition of rowth, only half of the enzyme is able to 

perform its reaction; and K is related only to the concen- 

tration of I and B as shown (73). 
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Most competitive analorues of metabolites can be 

expected to give a somewhat constant and characteristic 

inhibition index over a wide range of concentration. The 

res1ts of this experiment show that there is no such re- 

lationship between thiamine and the fern factor. The in- 

hibition index needed to inhibit growth 50 percent varies 

in a manner that is quite unlike a constant value, as 

shown in Table 3. 

Table 3 

Ratios of Fern to Thiamine Needed to 
Inhibit Growth 50 Percent 

Thiamine Inhibition Index 
(Micrograms) 

Added Recovered 

0.00 0.0025 

0.01 0.005 

100,000 : i 

50,000 : i 

0.02 0.010 25,000 : i 

0,03 0.015 16,000 : i 

0.06 0.030 8,250 s i 

The initial inhibition index is arbitrarily assigned, with 

all others related to this one. In each case i ml. of fern 

extract is used at the 2000 ml. dilution. The fern factor 

concentration then is the same for all cases, with the 

thiamine concentration varyin ifl a measurable manner. The 
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inhibitIon index is not a constanìt, an we are therefore 

justified in assuming that the fern factor does not inter- 

fere in a manner similar to a thiamïne analogue. Addi- 

tionaï examples cf the use of inhibition studies and theIr 

interpretation can be found in references (100, 106, 127). 

The third type of mechanism by which the fern factor 

might conceivably be expected to remove thiamine from 

solution is by adsorption. This Is the manner in which the 

protein, avidin, removes biotin from solution. The avidin- 

biotin complex Is not sufficiently affected by digestive 

processes to release blotin, but heating the complex will 

niake the biotin available (19,20). 

The phenomenon of adsorption is a reversible equilib- 

rium. Freundlcki developed an adsorption formula which is 

given below: 

acb log 

whore x the weight 
grams 

m the weight 
C the amount 

solution a 
a a specific 
b a specific 

log a + b log C 

of substance adsorbed in 

of adsorbent in grams 
of substance remaining in 
equilibrium, in grams 

constant 
C OflS tant 

When adsorption data are plotted with logs, usIng the 

second formula given above, a straight line can be drawn 

through the poInts. The data from Experiment i are 

plotted on log-log paper in accordance with the Freundlich 

adsorption equation. Values within the sensitive portion 
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of the staadard curve are plotted at t1ie 1, 2 and 3 i1. 

levels of fern xtraot. Reu1ts (Figure 3) show three 

atraiìt linea for thG different concentritiori levels of 

fern extract. The i w1. and 3 mi. iine are identïcal in 

slope: the 2 mi. iiie has a sii;htir dIfferent slope. 

This evidence indicates that for Lactobaciilu fermenturi 

trio mode of action of the fern factor is probab1 ad- 

sorption in nature. 

xperiment I cives strong evidence for an adsorption 

mechanism and strong evidence against a thiamine waiogue 

mechanism, but the enzyme nature possibility cannot be 

determined from these data. Experiments 2 and 3 represent 

an attempt to determine whether the fern factor behaves as 

an enzyme. 

Fern extract and various levels of thiamine were in- 

cubated together at 37° C. for Li hours and 72 hours at a 

pH of Ì4.;. An aliquot from each of the incubated solutions 

was then steamed for 145 mInutes at a pH of 3.0, and 

steamed and unsteamed aliquots analysed for thIarine. The 

incubation period enabled the fern factor to act as an 

eazyne; the steaming inactivated the fern factor, n .. d 

allowed a measurement of thiariine to be made. If the 

amount of thiamine remaining after incubation was the same 

as that added before incubation, there would be no enzyme 

activity. Thiamine loss would thus indicate enzyme action 



Figure 3 

Freundlich Adsorption Isotherrs 
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or chemioal de3trucìcì. 

Rosulis of Exerirnont 2 and 3 give no quantitative 

data, but on a conparative basis they Indicate that Uore 

may be orae evidence for onzyie activity. This experiment 

wa3 tried several tintes boforo ar9 succes8 wa obtained. 

Whe,i these very dilute thiamine eolution3 eie 8teamed at 

a pli of l.,f, about O porcenl of the thiamine wa de- 

troyed. Thi5 effect was overcome by steaiiL1g at a pH of 

3.0, where the hianiirio standards vieie stable. The main 

difficulty wa non-specific growth stimulation by heated 

fern extrace, and there was not sufficiont time to learn 

the nature of this stïmulatìon. 

Represeritîng growth in terms of Klett units, 2 ml. of 

fern ext.ract and 0.02 microgram of thiamine incubated for 
L.8 hours and then heated, give a value of 157 as compared 

with 17]. for an urìinci.thated sam4e. Jsing o.oL. microgram 

of thiamine instead of 0.02 microgram gives values of 176 

and l9, respectively; with 172 and 192 shown for the 72- 
hour incubation at this seme thisnilne concentration. 
These data indicate a loss of thiaxiine when fern extract 
and thIamine are incubated for L8 hours. The loss at 72 

hours is essentially the same as the loss at )48 hours of 
incubation. The amount of thiamine lost is unknown. 

In ixperiments 2 and 3 very dilute concentrations of 
fern extract and thiamine were incubated in an effort to 
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demonstrate an enzymatic mechanism. Thess incubated aolu- 

tions were probably so dilute as to interfere With any 

hypothetical enzyme reaction. In very dilute solutions 

the opportunity for a fern factor molecule to come in con- 

tact with a thiamine molecule is not very great. Hence, 

very long incubation periodB would be necessary to alter 
sufficient thiamine to be detected by the method used. 

For this reason more concentrated solutions of fern extract 

and thiamine were used for incubation, with dilutions made 
for assay after steaming. 

In Experiment L. a concentrated solution of fern and 

thiamine was incubated for 72 hours at 370 C. It was then 

steamed at pH )4.5 for 30 minutes and analysed for the re- 

xraining thiamine. The original solution consisted of 5 

gma. of H901)4 fern and 1500 micrograms of thiamine made up 

to 150 ml., with 10 micrograms of thiamine per ini. Th 

incubated solution was diluted for assay after steaming 

and the pH adjusted to 6.5. One aliquot was sulfite 

treated to destroy any free thiamine in solution, and 
another allquot was untreated. 

The thiochrome method showed that there was little, 
if any, thiamine remaining in solution (36). Lactobacil- 
lus fernientum indicated activity equivalent to some 5 

micrograms of thiamine per ml. of solution remained after 

the incubation. This is a 50 percent loss of tiiiarniuie 



activity due to incubation. The sulfite-treated aliçot 

cives a value of about 14 rnicroas per ml., which is not 

much different from the untreated sample. 

These results Indicate that the organism Is able to 

utIlize the enzyniaticaily altered thiamine about O per- 

cent as efficiently as it uses thiamine. The organism is 

able to measure enzyme activity when concentrated echui- 

tiens of ferri and thiemine are incubated for an adequate 

length of time. Considerable thiamine response is noted 

In sulfite-treated samples. It is possible that the en- 

zymatically altered thiamine Is not iffected by the elfite 

treatment. Another nossihility is that the fern factor 

thiamIne complex, and/or fern factor altered thiamine cor- 

plex, resists attack by the sulfIte. 

Experiment features the incubation of a volume of 

super centrified extract with 2000 micrograms of th:amine 

for varying periods of time. This extract Cives 1O inItial 

thiaruine lose attributed to adsorption when mcaured by the 

thiochrome method (36). Incubation periods include 2.S, 

)4t. and 90 hours, and enzyme activity is stopped by steam- 

ing for 30 minutes. 

Results s1ow that the orgenism does not measure any 

loss of thiamine up to Li hours of incubati.on. However, 

there is a significant loes of activity between )4. and 90 

hours of incubation. The thiamine recoveries by the two 

methods are shown in Table L1., based on an original thiamine 



Table )4 

Relative Thiamine Recoveries with the Thiochrome 
and Microbiolo1cal Methods 

Incubation ieriod Thiamine Recovery 

______________ (Micrograms_per_ml.) 

(Hours) Thiochrorne (36) L. fermentum 

2 ' 19.14 20.0 
'J 

14)4 10.0 20.0 

14.0 13. 

*Corrected for non-specific stimulation due to heated fern. 

concentration of 20 microrama per ml. The organism shows 

no growth inhibition when 1 ini. of the super centrifuged 

extract at the 2000 ml. dilution is added to tubes con- 

tainin thiamine. This is to be expected, since the fern 

concentration ised in this experiment Is ten tines lower 

than that needed for 0 percent inhibition at the same 

extract diLtion level. The fern concentration is so low 

that no initial adsorption phase is noted isin the thio- 

chrome method. The oranism is not inhibited significantly 

u.ntil about 90 hours of incubation, The inhibition ob- 

served can be attributed to enzyme activity which needs to 

deplete the available thiamine concentration to a certain 

point before it is effective. 

These data auest again that the organism Is in- 

hibited iostiy by adsorption during the 16-hour growth 
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period of he metxod. Thea alzo indicate that the orari- 

ism can detect enzymatic 1088 of thiamine after suitable 

incubation time, and that it is utilizing the altered thia- 
mine. 

xperiment 6 is a repetition of xperiment 5 except 

that a greater volume of super centrifuged extract is used 

in an effort to completely destroy the 2000 micrograms of 

thiamine, as measured by the thiochrome method. Thiamine 

recoveries aro given in Table 5, based on an original thia- 

mine concentrate oi' 20 micrograms per l. Heated fern 

Table 

Thiochrome and iicrobiologcal hecoveries of Thiamine 

Incubation Period Thiamine Recovery 
(iicrograms per mL.) 

(liou) Thiochrome (36) L. fermentum 

2,., 3.0 10.5 

69 0.0 3.0 

eztract at the same dilution level gives no non-specific 
growth stimulation. 

This experiment indicates that the organism is re- 

sponding to altered thiamine about t.o percent as off!- 

ciontly as it responds to true thiamine. Assuming the 

organism responds about I.O percent to altered thiamine, 



at the 2.5-hour Incubation period we would expect growth 

repone to include the 8 mIcrograms per ml. found by the 

thiochrorne method and O.tO x 12 microram pr ini. of 
altered thiamine, or a total thiamine repon3e of about 

13 micrograms per ml. The oborved value is abot ).Ó. 

micrograms per ml. of th1amie risponse for the 2S.5-hour 

incubation period. The differeice siests that the 

altered thiamine might be unstable over a long period of 

time. Another possibtilty is that the fern factor produces 

a progressive alteration of thiamine similar to that sug- 

gested by Lipmann (S8,59). Presumably the greater the 

alteration of thiamine, the lower the efficiency of utili- 

zation by the organism. 

Effect of Heating on the Activity of Fern Extract 

The purpose of this experiment (Experiment 7) is to 

study the activity of fern extract when steamed for various 

periods. The fern extract used in xperiment 1 was also 

used in this experiment. One aliquot of fern extract was 

steamed for minutes, another for 15 minutes, and a third 

for 30 minutes. Steaming was done in an autoclave at pH 

6.. Fern extract was added to assay tubes at 1, 2, 3 and 

L. ml. levels, with thiamine added at concentrations vary- 

ing from 0.005 to o.oI microgram per tube. 

The unheated fern extract used in this experiment 



inhibits growth about O percent. Heating th extracb for 

s minubea has almost no effect on the activity, still in- 

hibitin rowtLi about 50 pefcent . When the fern extract 

is heated for 15 minutes there is some loss of activity, 

grovth inhibition amounting to only aboui 20 percent. 

Steaiing for 30 minutes completely inactivated the fern 

extract. The2e eneralizatiois were true for several dif- 

ferent levels of thianine and fern extract. 

The radtal loss of activity observen when the leni 

extract is steamed might be interpreted as the progres- 

sive denaturation of a protein by heat. 

Dialysis Studies 

The purpose of these experiments is to determine 

whether the active factor in bracken fern is dialyzable. 

In Experiment 6 the activity of dialyzed and un- 

treated aliquots of an enzyme fern extract are tested at 

the SOU ml. dilution. The dlalrsis was carried out in 

cellulose sausage caein bags, cad] bag containIng 50 ml. 

of fern extract at the 250 uil. dilutìon and pH L..5. The 

dialysis bags were suspended for b8 hours in a t.-iiter 

beaker of running distilled water. 

Results of this experiment show that the non-dialyz- 

able fraction, like the untreated extract, inhibits growth 

about 50 percent. 



Anotho experiinen was .nade to icst the activity of 

the dialyzate, which cannot be done when the running di- 

alyals technique is used. in xperirnont 9 a water extract 

of fern was prepared. An untreated aliquot, the non- 

dialyzable fraction, and tue dialyzate were tested at the 

2000 ml. diitiø. These were aso tested with the di- 

alyzate havin four tirne the concentration of the other 

two aliquots. Thiamine was added to the extracts at levels 

ranging froi 0.01 to o.OL, .aicroram per tube. The di- 

alysis apparatus consìsts of a beaker containing 1000 ml. 

of distilled water, a stirrin motor wIth glass rod shaft, 

and a cellulose sausage casina bag containing 2S ml. of 

concentrated fern extract. The bag was tied to the glass 

rod, and revolved slowly in the beaker of water for L8 

hours. 

At all levels of thiamine and fern extract tested, 

results show that the untreated extract and the non- 

dialyzable fraction gave Identical growth Inhibition 

values. No growth inhibition was noted for the dialyzate. 

These experiments indicate that the fern factor Is 

non-dialyzable, as measured by Lactobacillus ferrnentum 
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Aacorbic Acid Content of Fern Laves 

James (2) discusses respiration in plants and comes 

to the conclusion that there are probably three pathways 

of intermediary carbohydrate metabolism occurrin: s:Lrnul 

baneously in plants. One of these pathways utilizes 

ascorbic acid. Recently (25, )4, 69; 93) it has been 

shown that ascorbic acid can be substituted for thirnine 

in the metabolism of lactic acid bacteria, inc1udin Lac- 

tohacillus fermentum 3. Approximately l-2 mgs. of as- 

corbic acid are comparable to O.O microgram of thiamine. 

If both thiamine and ascorbic acid are present, the effects 

are additive, 

It ws at first thought that the non-specific :rowth 

from heated fern encountered in this work might be ex- 

plained on the basis of the high ascorbic acid content of 

fern leaves. in iperiment 10 the ascorbic acid content 

of fern leaves was determined. Results of this experiment 

show that fern ff9O]i., stored at room temperature for two 

years, has about 2 mgs. of ascorbic acid per 100 ns. of 

fern. This is a surprising amount considering the storage 

conditions and the lability of ascorbic acid. A sample of 

freshly picked fern (July) shows an extremely high value 

of about lO rags. of ascorbic acid per 100 gma. or fern. 

*The author is indebted to Dr. Bossie L. Davey for assist- 
alice with the ascorbic acid determinations. 
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This is much hihcr thaì toxndtoeB and orangea, thìcii are 

considered to be rich sources or ascorbic acid. 

àscorbîc acid was determined by the method of Loeffler 

and Ponting (60,110). About 25 grams of frsh1y picked 

fern leaves were blended in a Waring Blender with 3O rai. 

of i percent metaphosphoric acid. Tìis was filtered and 

the filtrate assayed coiorimetrically by adding a dye of 

known concentration, arid nieasurin the loss of color due 

to the ascorbic acid reduction of the dye. 

It is doubtful whether either fern sample tested con- 

tains eriouh ascorbic acid to give the growth response 

observed with heated fern extracts. If the fern contains 

i;o rags. of ascorbic acid per 100 gms. of fern, then i rai. 

of ferri extract at the 2000 mi. dilution would only contain 

about 0.0008 mg. of ascorbic acid, which is far too low to 

stimulate the organism. The thlochrorae method indicates 

that there is little thiemine in fern (36), and hence the 

stimulation is not due to thiamine. 

The presence of high concentrations of ascorbic acid 

in fern might be an explanation for the ability of' the 

fern plant to survive with such a high antithiamine con- 

tent. It points to the presence and utilization of alter- 

nate pathways of intermediary carbohydrate metabolism in 

higher plants similar to those shown for bacteria. 



Effect f duff er and izy'as on Activity of Ferai XttCtS 

When a water extract of fern is prepared, its activity 

seems to be siuificant1y higher than a 5ini1ar enzyne ex- 

tract. The purpose of this experiment (Experiment 11) iS 

to determine the efect of the buffer solution and ex- 

traction enzymes on fern extract activity. The method of 

Earett and Cheldelin (76) calls for incubation of the 

sample with a O. percent sodium acetate-acetic acid buffer 

adjusted to pH )4. and 20 mgs. each of takadiastase and 

papain. These enzymes break down resistant plant or annl 

parts in the sample to be analyzed so that the desired corn- 

pounds can be released in a free form. 

Eight extracts were prepared from fern sample H10219. 

These were alike in every respect except for the addition 

of buffer and enzymes. They were divided into two clas3es, 

those containiii a buffer, aiid those containing water only. 

Each class had extracts containing both enzymes together, 

singly or not at all. 

ieuls show that the water extract is moro potent 

than the enzyme extract. At the 0.020 microgran level of 

thiamine, buffered extracts show about O.Ol microgram 

recovered as compared with 0.009 ricrogram of thiamine 

recovered when plaii water extracts are used. Tho two 

classes of extracts show about 0.038 and 0.022 mi.crogram 

of thiar1i1ib recovered for the buffered and water extracts, 
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re3Jctiv61y, at th O.3L.O iicrorai level of thiadne. 

The use o.f ei.1zi1es, sinjly or in conDination, shows no 

significant difference in extract poteìcy for eIther class 

of exbracts, When both cnz»ues are used toL;ether, a 

slightly higher potency is observed. 

Fern itract and Neopyrithiarnine* Incubation 

Earlier experiments hEve indicated that thiamine le 

probablr adsorbed by the fern factor. Both fern extract 

nd neopyrlthiamirie alone will inhibit growth of the or- 

ganlsm. If their concentratIons are adjusted to inhibit 

growth about 50 percent when used alone, we might expect 

coirjlcte inhIbitIon 1f both solutions are added to the 

same tube. However, should the fern factor adsorb neo- 

pyrithiamine, we niiht obt&in less InhibItion than when 

either one Is used separately. In effect, these two anti. 

thiamine facor would cancel each otnor. The puipose of 

this series of experiments is to deter;aine whether the 

fern £aetor w1l adsorb neopyritbiarnine. 

An enzyme exract of i gian of fern H9Ol1 was made up 

and used at the 2003 xxii, dilution. Various levels of neo- 

pyritiilarnine and fern extract were incubated together for 

72 hours at 370 C. Thiamine was added just hefoi'e the im 

sarnple of neopyrithimine wa enerously supplied b 
Merck and Company, Inc. 
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wa8 made. 

Fesu1ts of xper1ment 12 show that noopyrithiamrxe iø 

adsorbed by the fern factor. When fern extract and neo- 

pyrithiamino are added to sorno thiamine just before the 

run, about 50 percent Inhibition of growth Is noted. If 

the fern extract and neopyrithiamine are given a previous 

72-hour incubation, approximately 100 percent growth re- 

ponse i found. The fern extract wa not as potent as 

usual, but the neopyrithiamine gave about 0 percent in- 

hibition. These observations were true for many concen- 

tration levels of fern extract, neopyrithiamine and thia- 

mine. 

Another experiment (periment 13) was performed to 

cheek U tìbi1ity of nopyrithiaiino during incubation 

for prolonged periods. Results show that the antithiamine 

activity of neopyrithiamine deteriorates some during the 

incubation period, but stili shows about 0 percent in- 

hibitiori as compared with 7-10O percent Inhibition for a 

fresh sample used at the same concentration level. The 

fern extract gives about 50 percent inhibition when used 

alone, teri the fern extract and neopyrithianine are in- 

cubated for 72 hours before the run, one level of thiamine 

shows only 2 percent inhibition remaining and the other 

Show$ no inhibition. 

These experiments indicate that the fern factor is 

probably adsorbing the neopyrithiamine molecule. Vhen 



these two antithiamine factors are tied up in the adsorp- 

tion complex, neither can interfere with the utilization 

of thiamine by the organism, and almost norma]. ¿'rowth oc- 

curs. 

Heat Stability of Thiamine 

As the pH increases beyond neutrality, thiamine be- 

comes unstable, especially at elevated temperatures. 

Heatin at 1000 C. in acid or neutral solution for one 
hour has little destructive effect, but at higher tern- 

peratures gradual destruction takes place. However, at 
pli 3.S or less the vitamin may be autoelaved at 1200 C. 

with little loss (L4l, p.1062). At a given pli the sta- 

bility is tremendously influenced by the presence of 

certain Salt8 (103). For example, sodium acetate solu- 

tions of thiamine lose activity when they are heated at a 

pH of 5-6 (7, p.lOIi). 

In preliminarT runs to Experiments 2 and 3, an at- 

tempt was made to measure enzyme activity of the fern 

extract by incubating dilute solutions of fern extract 

and thiamine for 148-72 hours, steaming at pli )4.5 to 

destroy the fern factor, and then analysing for the re- 

maining thiamine, Thiamine concentrations amounted to 

0.01-0.0)4 microgram per 5 ml., wiich are very dilute 

solutions of thiamine. Thiamine blanks containing no fern 
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exbract showed about O percent destruction due to the 

steaming. These solution8 wro buffered with sodium 

acetate buffer, whiCh probably lowered the pH stability 
range. The purpose of this group of experinents iS to 

measure the atability of thiamine to steamin in sodium 

acetate solutions at various concentrations of thiamine 

over the pli range of t1.5-2.O. 

In Experiment ]1 thiamine SolutiQns were steamed for 
30 and t5 minutes. The pli of these solutions varied from 

L..5 to 2.0, and the thiamine concentration was 100 micro- 

grams per ml. This treatment had no effect on thiamine, 
which was completely recovered in every case. 

Experiuient i was set up ifl the same ianner except 

tìiat trie thíamì.ne concentration z'arie varied £roii u.l 

0.ij. microgram per ml. These thiamine levels showed little, 
if any, destruction by steiming. In xperiment 16 two 

concentrations of thiamine were used, the 0.01 to 0.014. 

microgram per ml. 1evl, and the 0.002 to 0.008 mIcrogram 

per ml. level. Good thiamine recoveries were noted in 
every case for the 0.01 to 0.014, microgram per mi. level. 
About 50 percent of the thiamine was destroyed at pH 14.5 

for bhe 0.002 to 0.008 microgram pei ml. level, but corn- 

plete recovery was made at pH 3.5 or lower. 

These data indicate that the steaming of very dilute 
sodium acetabe solutions of thiamine for prolowed periods 
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should bc carried out at a pH of 3. or less for coniplete 

stability of thiarilne. Steaming these solutions at a pH 

of I results in a thiani!nc lose of about O percent. It 

is possible that there are other vItamins and netaholites 

which s1ow stability under a certain set of conditions at 

high concentrations, but arc unstable at the very low cori- 

centratlons used in microbiological work. 

Sulfite Trcatmont of Thiamine and Neopyrithiani.ine 

The thiamine molecule is subJect to cleavage into its 

pyrimidine and thiazole moieties by a solution containing 

sodium sulfite (82). ExperIment L. is an analysis of a con- 

centrated incubated solution of fern suspension arid thia- 

mino. Five grams of H9OlL. fern were incubated, for 72 

hours at 370 C. and pH with 1500 micrograms of thia- 

mine and made up to a total volume of lO ml. The solution 

was centrifuged after incubation and the centrifugate 

steamed 30 minutes, Two sets of samples were made up, one 

containing the incubated solution arid the other receIving 

a sulfite treatment before analTsis. Both samples were 

diluted from the oriGinal thiamine level of 10 microjrame 

per ml. to the thiamine ronge of the standard curve for 

this method. 

On the basis of a thiamine level of 10 micrograms 

per ml. before Incubation, recovery of the untreated set 
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cf srj1e showed about 5 micrograii.s per ml. as measured 

by the growtì of Lotobao111us feruientum . The thlo- 
chrome method showed complete loss of thiamino after in- 

cubation (36). Thiamine recovery Cor the silfite treated 

anp1es emounted to about 344 1crore:s per nl., indicat- 
in that the sulfite treatment did not cleave aU material 

showing thiamine activity. 
This orgaism does not respond to thiamine moletics 

alone, together, or in the presence cf thismirie (76). The 

organism must then be responding to thiamine, or more 

probably, to a slightly altered thiamine in the sulfite 
treated solution. How does this active molecule escape 

cleavage? It is possible that the fern factor is only 

siightly lttrin the th1aninc noiccule. This 1tcrcd 

thiamine may be changed enough to prevent sulfite cleavage 

or interfere with the efficiency of cleavage. Another 

possibility is that the heated fern adsorbs the thiamine 

and/or the altered thiamine ifl euch a innner as to pre- 

vent or hinder the sulfite action. 

Another experiment was performed (Experiment 17) in 

an effort to determine whether analogues cf thiamine are 

cleaved by the sodium sulfite treatment. The only thin- 

nine analogue avaIlable in our laboratory was neopyrithia- 

nine. One aliquot of noopyrithiamine so1uti was sulfite 
treated and another was untreated; samples of thiamine 
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were ais truated to check the effoctivenoa3 of the 

c1eave. esu1tì show that the u1f.t troo.tment corn- 

jito1y dstroy3 the in.hibit1n, tffect ol' neopyritha- 

ri1rie, indicating that the molecule & probably c1&vd. 

The sulfite treated thiaiaine i coiplctly without &ctivity 

for the organlrn. Untreated nopyrìthiarnine solutions aLow 

about O percent or moro Inhibition of growth. 

Thiamine and neopyrithiamine are both very susceptible 

to sulfite cleave, Thi$ would lend 8uppot to the idea 

that an adsorption complex is interfering with the cicav- 

age mechanisi. However, the thiamine molecule rnlht be 

altered In several different ways, some of which might 

interfere with cleavage, Because other enalogues could 

not be obtained, rurtlier invusiatìon ulo lin 

was impossible0 

Concentration Studies 

Those experiments represent tn attempt to salt out 

the active antithiamine material in a fern extract with 

various solutions of magnesium ulfcte. 

The water extract from O. gram of 1110219 fern was 

allowed to stand at room temperature for 20 hours with 

each of the maiesium sulfato solutions tested, They were 

centrifuged, and the centrifugates subjected to a 14±-hour 

running dialysis before their activity wa tested. The 
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prcp1tbe8 v;tre resusperidod vrer, Both fractions 

vrc diluted to th 2000 and ¿400O ml. di1tions nd tested 

for ctivíty. Magnsiuxn Eulfatc was uaed at 0.2, O.I., 0.6, 

c.nd 0.8 aturatiori. levels. 

Not much mateiial was precIpitated from solutIon by 

the three lower concentration 1evel of mansIum ulfte, 

however, the 0.8 turtio solutIon produced about i cc. 

of precipitate then centrIfuged. The precIpitate is a 

brownish-olive color, being quite honoerieous in appear- 

ance, a sticky, amorphous mass that resembles protein 

material. 

Iesults of the activity tests for Experiment 18 in 

dicate that the potency is found nos tiy in the contrifugate 

for the 0.2-0.6 saturateu so1uticis. Th a1iL activIty 

of their precIpitates may be attributed to contamInation. 

The precipitate of the 0.8 8aturated aoïution shcwicd 

slightly more activity, but Its centrifugae was also more 

activo. When all t1ese aolutiona were run ab the fol- 

lowIng day, no activity was shown for any centrifuate or 

any precipitate. 

ixperiment 19 is sîmilar to Experiment 13 except that 

only 0.0 nd 1.0 saturated so1ution were tested. The 

fern extract was allowed to stand in the sait solution for 

24 hours at room teriperature. All four solutions, two 

centrlfugates and two precipitates, wore subjected to the 



71 

8-hour dialysi$ procedure. The two precipitates survived, 

but the two centrifugate bags burst, due to excessive 

swelling caused by the concentrated salt solutions. The 

precipitates were tested at the 14000, 2000, 1000 and 00 

ml. dilution levels. Neither precipitate showed activity 

at any dilution level. 
These preliminary concentration experiments indicate 

that the material precipitated out by solutions of mag- 

nesium sulfate is not active. This precipitate may con- 

tain a protein material which was formerly active, but 

subsequently inactivated by the strong salt solution. 
Other experiments should be made to test the centrifugate 
activity also. In any event, magnesium sulfate is probably 

not a good concentrating agent for this factor, and other 

techniques should be tried. 
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DISCUSSION 

fart of the discussion has been presented under 

respective groups of experiments and their results. 

However, more speculation and interpretation concerning 

the mode of action of the fern factor will be presented 

here, as weil as some other points not thoroughly covered 

in the rest of the thesis. 

The possibility of the fern factor being a thiamine 

analogue has been ruled out from a consideration of data 

presented. There is evidence for both an adsorption 

mechanism and enzymatic activity. When concentrated 

solutions of fern extract and thiamine are incubated for 

2.-3 days, analysis by the thiochrorne method (36) indicates 

that all the thiamine is destroyed, but analysis by Lac- 

tobacillus fermentuin shows that about tO-$O percent of 

thiamine activity remains in the solution. This organism 

does not respond to thiamine moieties alone, together, or 

in the presence of thiamine (76). If the thiochrome 

method indicates there Is no thiamine in solution and the 

organism does not respond to thiamine moieties, then the 

response noted must be due to a slihtly altered thiamine 

molecule. This would indicate that the enzymatic action 

of the fern factor is different from that of the fish 

principle. The fern factor reaction product presumably 

retains the bond connecting the moieties, while this bond 
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is the one attacked by the fish principle (5). Lacto- 

bacillus fermenturn can apparently utilize the enzymatic 

reaction product of fern on thiamine to a certain extent, 

but not as efficiently a it utilizes thiamine. Evans 

and Evans (2h) have observed that after incubating fern 

and thiamine, the thiochrome method shows 90 percent de- 

struction of thiamine and the Phycomyces blakesleeanus 

method gives loo percent recovery of thiamine. This 

response by a mold is not surprising1 because unidentified 

molds were found crowing in our refrigerated fern extracts 

when kept longer than two weeks. These workers concluded 

that the thiamine molecule is sollt into its moieties by 

the fern factor. This was based on the observation that 

the mold responds to the moieties, giving J.00 percent 

growth in solutions where the thiochrome method shows only 

about 10 percent thiamine recovery. 

The exact manner in which the fern factor enzymatic- 

ally altera the thiamine molecule is unknown. However, an 

oxidation or reduction of the molecule is suspected, pre- 

sumably the latter. Lipmann (58) was able to reduce thia- 

mine, either with hydrogen gas activated by palladium 

black, or with hyposulfite. Only about two atoms of 

hydrogen were taken up in the presence of palladium black. 

Lipmann believes the reduction takes place at the double 

bond of the quaternary nitrojen. Lipmanri and Perlman (9) 
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demonstrated that lt is the thiazole and not the pyrirnidine 

portion of the thiamine molecule wbich is reduced. These 

results were verified by Stern and Melnick (109), who also 

demonstrated that cocarboxylase is reduced by palladium 

black and hyposulfite in the same manner as thiamine Tho 

b1o1oical sinificanco of these results are not clear, 

The reduced f orine of thiamine and cocarboxylase are bic- 

lo:ically inactive. Lipmann and Periman (9) were unable 

to oxidize reduced thiamine to thiochroine, They suggest 

that the reduction takes place in steps, with the second 

step being irreversible. 

ren (3) found that both free and phosphorylated 

thiamine are inactivated when incubated with -lO times 

greater concentrations of reducing substances such as 

giutathione, cysteine, and to a lesser extent ascorbic 

acid. Cajori (13) and iCerisler et al (53) demonstrated that 

carboxylase is not inactivated by cysteine, but on the 

contrary, is activated. Hence, the inactivating effect of 

8lutathione and cysteine is mainly with free thiamine. No 

attempt has been made to determine the nature of the corn- 

pound formed in the reductive inactivation of thiamine by 

lutathione arid cysteine. It is probably not the com 

pound described by Lipmann, since that compound still seeme 

to give the color reaction of Prebluda-McCoilum (67) and 

is biologically inactive, while this compound does not give 

the color reaction and is biologically active. 
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Ar) extract Crom aapcn leave3 has been shown to cori- 

tain a substance with thiamine reducing properties, which 

interferes with the deterrninaticn of thiamine usinj the 

Melnick and Field method (Li). Phycomyces bïakeleeanu3 

siowed normal rcwth on extracte which the Melnick and 

Field method showed thiamine to be totally- destroyed. 

Dilute 8olutlons of hyposulfite give complete thiamine 

recovery witn both the thiochrome and Field methods, As 

the concentration of hyposulfite is increased, a pro- 

gressive increase in inactivation i ob$erved, which Is 

similar for both methods. This is assumed to be Lipmann's 

irreversible second step in the reduction of thiamine0 

Treatment of thiamine with cysteine or ascorbic acid gave 

no thiamine recovery with the Melnick and Field method, 

whereas the thiochromo method showed 100 percent recovery. 

It would scoir. that this first step in thiamine reduction 

is reversed by the oxidation effects of the thiochrOEne re- 

agents. gren suggests that tiamine reduction by hypo- 

sulfite, glutathione or cysteine, and his aspen leaf factor 

are all different in degree or site of reduction. 

The possibility of an oxidative alteration of thia- 

mine was shown when it was observed that chemical assays 

for thiamine in meat products were lower than biological 

meti:ods. Assuming that thiamine may occur in Its di- 

sulfide form or in some other reversibly oxidized form, 

various animal tissues were assayed by the thiochrome 
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method after converbin the dtsìIfide form Into thiamine 
with thog1yco1io acid under controlled conditions. Sig- 
nificant increases in thiamine content were noted when this 
modification vra used, Evidence 15 offered suestin., that 
the disuifide form, possibly by way of a free radical 
mechanism, reacts to foxn non-dialyzabie complexes w.th 

protein having available -SH groups (L16). 

It is apparent from the foregoing discussion that the 
thiamine molecule is eai?able of bein. slightly altered by 

reduction or oxidation mechanisms in such a way as to in- 
terfere with the hemicì1 methods of thiamine assay. 
Hence, in comarin: thiamine recovery from incubated 

solutions of fern and thiamine by the thiochroine and 

Lactohacillus fermentum methods, we can irgine that 
the fern produces some similar type alteration of the thi- 
amLie !aolec.lc. 

If we assume that Lactobacillus fermenturn responds 

to the altered thianine produced by the action of the fern 

factor, it can be seen why attempts to demonstrate enzy- 

matic activity met with failure for so long a time. Pre- 
sumably incubation of extremely dilute solutions of fern 

extract and thiamine produce little enzyme change over a 

long period of time, and the organism would respond 

reasonably well to what little thiamine was altered. In 

addition, non-specific response to heated fern complicates 
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the picture. 

Evidence has been Presented which indicates that both 

adsorption &ìd enzymatic mechanisms affect the thiamine 

molecule. The adsor;tion mechanism interferes with the 

rowtki of the orgirism moxc than the enzyivatic action. 

Identical responses are noted when dilute solutions of 

fern and thiamine are incubated for 72 hours prior to a 

rim, or added just before the run. The concentration of 

fern necessary to inhibib growth in the organi8m is much 

greater than that necessary to show enzrmatic activitj by 

tue thiochronae netod. V.hen i gram of fern is incubated 

with 2000 micrograms of thiamine, there i5 an initial loss 

of some 1000 inicrogreins of thiamine within the first hour, 

as measured by the thiochrome metiod (36). There is then 

an abrupt decrease in the slope of the line measuring the 

rate of destruction. It now climbs slowly for L8-72 hours, 

in what has been called the enzymatic phaso of destructio. 

Decreas1n the amount of fern and maintainin the sarie 

amount of thiamine, ¿radually lowers the thitial loes of 

thiamine credited to adsorption. At low fern levels, the 

adsorption phase is no longer evident. The organism 2howe 

s1nificant growth inhibition only with fern concentration 

levels far above those needed to omit the adsorption phase 

measured by trie thiochrorne method. This refers bo solu- 

tions of fern and thiamine thab are unincubated except for 
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the 16 hour demanded by the methode For longer incuba- 

tion periods (xeriments 5 and 6), growth inhibition is 

noted duc to the enzymaic nechauism. 

Fthe than think of two indoì'endent mechanisms oper- 

ating on the thiamine molecule, it IS possible to assume 

that they are very much related, Manr common enzrie re- 

actions proceed by havin the cnzjx ac and. it substrate 

combine in an adsorption Complex. After tiie reaction, the 

product depa.r ' ts from the complex, or remain2 untfl dis- 

I:)laced by a collision with another substrate molecule. 

Adsorption is an eqi1ibi'iuxi related to the concentrations 

of adsorbent nd adsorbed xiiaterial, in this case the thia- 

mino being adsorbed by the fern factor. If a lare amount 

of fern (1 gram) is added to 2300 iicrograms of thiamine 

in 100 ml. of Solut1oLi there will be sufficient fern 

faotor available for the thiamine, The high adsorption 

equ1ibriurn is quickly established, as observed by the 

initial rapid loas of Iiiamine by tho thioclirome mt11Od 

(36). The subsequent enzrne reaction proceeds rater 

slowly, which might be interpreted to mean that the pro- 

duct of the reaoton is tightly retained by the fern 

factor so that another molecule of thiamine has dificity 

getting on the enzyme. if the fern concentration is 

lowered far enough, the adsorption equilibrium bec.es so 

low hat no adsorption phase is noted. Adsorption is 
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believed norossary for the enz;Lîe reaction, and hence i 

related to the rate of enzatic destruction of thiamine. 

The amount of adsorption observed is dependent on the high 

adsor'tion equilibrium values. If adsorption is a noces- 

sary preliminary step to enzymatic destruction of thia 

nine, then loss of thiamine attributed to adsorption 

actually iiay be due to enzymatic action. After the ad- 

icrption equilibrium ha been approxirnate1r estab1ihed, 
the subsequent so-called enznatic action proceeds at & 

rate which is united by the exchange of thiamine in o1u- 

tion for altered thaminc on the fern factor. Apparently 

the altered thiamine i held tißhtly by the fern factor so 

that tuiamine has difficulty ettng on the onzyine. Pre- 

$umahl;r the altered thiamine can be removed from the fern 

factor by co1l±ion with other mclecules, or by d1&ocia. 

tion of the complex into fern factor plus altered th1anne. 
Another poesible explanation for the adsorption nd 

enzymatic meohaxìims oecurring 8multaLeou8ly i that there 

are two factors in fern, one causing adsorption end an- 

other causing enrnato action. 

The antithiamine activity of bracken fern varies with 

the stage of maturity of the plant. Ferri picked in the 

spring or early summer has the highest potency, while 

brown ferri leaves pickd in the fall show no activity. 

The fern root is much more potent than the fern Laf (36). 



'Then dried fern 1cwe3 ar *trsd t roza teiturture, 

thore i cradui1 1ØsR of zmtitLim.th.e activity. A plain 

water cxtrct f f rn 1cavc is iore potent bhan a huf- 

fered extract. 

T1-e erob1olgic4l thod as odifiecL ror this study 

has an accuracy of abit 5...lO perecxt. tandard curve 

dupl1catins for the same ru are eztrely cios Ánot of 

the tiie. Tho7 also hw a reraarl«ible reaznblance from 

one exporient to ariothor. The introductioA1 of natural 

materizt1 like fern into tho teat soLttion cass a wider 

fluctuation tn re3lt ahorn for dupUcai tuòes. uan- 

t1tatìvc dt c&nnot alwa,'s b obtaiud, in uoi eases 

coripsrat:tve data are used, This rtthod is moat ueuful fez' 

differentIal anal:,ris, whereby difreren aliquota receive 

£1 vrîoty of trevthents and results ar comavd relative 

to orxe ather rather than on a quantitative basis. Tnie 

is the tundamets]. principle ss in the inerjìretation of 

many o the reu1t3 obtained in this study. robabir the 

larost singlo error exicountred 18 the hurnan error in- 

vrlved in the intorpretaton of results and the plaxmin 

of adequate experironta. 
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SUMMARY AN]) CONCLUSIONS 

1. The antithiamine factor in bracken fern inter- 

feres with the metabolism of Lactobaclilus formentum 

by what appear to be adsorption and enzymatic 

mechanisms. Substantial evidence is presented which 

indicates that the competitive analogue mechani8m 

does not exist. A discussion is offered concerning 

the possible relationship between the adsorption and 

enzmatic mechanisms0 

2. The fern factor appears to be different from the 

antithiamine factor found in certain raw fishes. 

Whereas the fish factor splits thiamine into its 
moieties, it appears more likely that the fern factor 

does not split thiamine into its moieties. Apparently 

the thiamine molecule is only slightly altered by the 
fern factor, presumably by an oxidation or reduction 

type of reaction. The exact nature of this modified 

thiamine molecule is unknown, but possibilities are 

discussed. 

3. Lactobacillus fermentuzn responds to the enzy- 

matically altered thiamine, but the efficiency of 

utilizing the altered molecule is only Lj.O-O percent 

as compared with true thiamine. The growth inhibi- 

tion observed with this organism seoms to be due 

primarily to the adsorption mechanism. Only after 



incubating concentrated s1utions of thiamine and 

ferri for prolonged period8, does this organism show 

growth inhibition which can be attributed to enzy- 

matie action. 

14. A water extract of fern leaves shows more anti- 

thiamine activity than a buffered extract. The 

active principle has protein-like properties. It is 

completely inactivated by 30 minutes of steamìn, and 

is not dialyzable through a Cellophane membrane. 

5, The ascorbic acid content of fresh fern leaves 

is extreme]j high. This sugests an alternate path- 

way of intermediary carbohydrate metabolism in bracken 

fern similar to that observed in certain other plants 

and bacteria. 

6. Other studies indicate that neopyrithiamine is 

Adsorbed by the ferri factor, and 18 destroyed by 

treatment with sulfite. Thiamine in very dilute 

solutions is not very stable to lonb periods of 

steaming when the pH is greater than 3.0. 

7. The active fern factor was not successfully 

concentrated by salting out with various concentra- 

tions of magnesium sulfate at room temperature. 
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xperiment i 

Fern xract Added to Thianin 

0bect: To determine the mode of action of the fern factor. 

'rocedure: 

1. Various concentrations of fern extract and thiamine 
were added to assay tubes, and the growth inhibi- 
tion observed. 

2. One gram or H90l!. fern was incubated for 20 hours 
with enzymes. The extract was diluted to the 1000 
and 2000 ml. dilution levels. These were used at 
the 1, 2, 3, and 14 ml. conceitrations. 

3. Thiamine concentrations varied from 0.005-0.10 
microgram per tube. 

Standard Curve: 

Thiamine E 
(Micrograms) 

0.0 0.220 
0.005 0.398 
0.010 Q.L.95 
0.03$ 0.53 
0.020 0.6)40 

0.025 0.620 
Ceo O 0.uL4.ó 

0.0)40 0.7114 
ososo 0.722 
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Expe riment 1--pata: 

Fern* Thimino E Frn* Thiamine E 
ixtract (Micrograms) Extract (Micrograms) 
(ml.) Added Found (ml.) Added Found 

1.0 0.0]. 0.002 0.302 1.0 O.00 0.003 0.330 
2.0 0.0]. 0.0 0.1)43 2.0 0.00S 0.00]. 0.262 
.0 0.0]. 0.0 0.051 3.0 0.005 0.0 o.iL.8 

4.0 0.01 0.0 0.017 t.o 0.0Q 0.0 0.096 

1.0 0.02 0.007 O.LJ46 1.0 0.01 0.00 0.382 
2.0 0.02 0.001 0.275 2.0 0.01 0.004 0.36S 
;3.0 0.02 0.0 0.097 3.0 0.01 0.001 0.267 
14.0 0.02 0.0 o.oL.ô L.0 0.01 0.0 o.16 

1.0 o.oL 0.012 1.0 0.02 0.01 
2.0 0.0)4 0.009 0.480 2.0 0.02 0.008 0.L57 
;3.0 0.014 O.'02 0.310 3.0 0.02 0.005 0.382 
14.0 o.oL. 0.0 0.097 L..o 0.02 0.002 0.293 

1.0 0.06 0.019 0.628 1.0 0.03 0.015 0.)82 
2.0 0.06 0.008 0.)i.68 2.0 0.03 0.011 0. 22 
.0 0.0b 0.006 0.148 .0 0.03 0.008 o.ió 

0.06 0.0 0.1Ó2 L.0 0.03 0.0014. 0.37S 

1.0 0.08 0.023 o.ö60 1.0 0.Oó 0.03 0.700 
2,0 0403 0.011 0.513 2.0 o.o6 0.019 0.628 
3.O 0.08 0.05 0.385 3.0 0.06 0.015 0.78 
4.0 0.08 0.0 0.207 4.0 o.oó 0.009 0.469 

1.0 0.10 0.05+ 0.758 
2.0 0.10 0.0114. 0. 71 
3.0 0.10 0.007 0.43I 

0.10 0.002 0.302 

*Fern extract at the 1000 ml. dilution level 
**Extinction values (log of 100 - log % Transmission) 

Fern extract at the 2000 ml. dilution level 
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Experiment 2 

Incubation of Dilute Solutions of Fern Extract and Thiamine 

Object: To determine whether the fern factor is an enzyme. 

Procedure: 

1. Fern extract and thianìne were incubated together 
for Li.8 hours. Thon the solution was steamed in an 
autoclave to inactivate the fern factor, and thia- 
mine determined. 

2. An enzyme extract of fern 119014 was prepared. This 
was made up to the 250 ml. dilution level, and 2 
¡nl. of thi8 added to each tube. 

3. The incubation was carried out at pH 1i.5 in a water 
bath at 370 C. The incubated solutions contained 
a ratio of fern extract, thiamine and water such 
that a 5 ml. aliquot provided the desired levels 
of each per assay tube. 

4. Steaming was done in an autoclave at a pH of 3.0 
for 145 minutes. 

5. Thiamine concentrations included the 0.02 and o.o4 
microgram levels. 

Standard Curve: 

Thiamine Klett 
(Micrograms ) Units 

0.0 6o 
0.005 82 
0.010 914 

0.015 110 
0.020 124 
0.025 133 
0.030 138 
0.0140 l7 
0.050 175 
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Experiment 2--Data: 

Fern Thiamine Treatment flett 
Extract (Micrograms) Incubation Hoated* Units 
(ml.) Added Found th.8 hrs.) 

0.0 0.02 0.02L1. - x 131 
0.0 0.02 0.022 - x 128 
0.0 0.02 0.02b - x 131 
0.0 0.02 0.019 - x 121 

0.0 O.OI. 0.037 - X 
0.0 o.o1 0.037 - x 155 
2.0 0.02 o.o1I. x - 107 
2.0 0.02 0.0114 x - 106 

2.0 o.oL 0.019 x - 122 
2.0 o.oI. 0.022 x - 128 
2.0 0.02 0.Otj.8 - z 171 
2.0 o.oi. 0.065 - x 195 

2.0 0.02 0.039 x x 157 
2.0 o.oJ 0.050 z x 176 
2.0 0.02 0.012 - - 103 
2.0 o.o1, 0.023 - - 130 

*When fern extract and thiamine are present and heating is 
the only treatment, just the fern extract is heated. 



Experiment 3 

Incubation of Dilute Solutions of Fern Extract and Thiamine 

Object: To determine whether the fern factor is an enzyme. 

Procedure: 

1. Same as ExperIment 2 except that a 72-hour incu- 
bation was used. Only the o.ot mieroram level 
of thiamine was tested. 

Standard Curve: 

Thiamine Klett 
(Micrograms) Units 

0.0 51 
0.005 76 
0.010 87 
0.015 99 
0.020 119 
0.025 129 
0.030 136 
0.0140 152 
0.050 170 



Experiment 3...'.Data: 

Fern Thiamine Treatment Klett 
Extract (Micrograms) Incubation Heated* Units 
jn1.) Added Found (72 hrs.) 

0.0 o.oL. 0.032 - x lLi.2 

0.0 0.014. 0.032 - x 1L.2 

2.0 0.0I.i. 0.023 - - 126 
2.0 O.Oti. 0.020 - - 122 

2.0 0.014. 0.020 x - 121 
2.0 o.o1. o.o16 x - 113 
2.0 0.014. 0.021 x - 122 
2.0 0.014, 0.062 - x 186 

2.0 0.014. 0.070 - x 198 
2.0 0.014. 0.052 x x 175 
2.0 0.014. o.0)48 x x 167 
2.0 0.0)4 0.051 x x 173 

2.0 0.0)4 0.051 x x 172 

fern extract and thiamine are present and heating is 
the only treatment, just the fern extract is heated. 
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Experiment t. 

IncubatIon of Concentrated Solutions 
of Fern Suspension and Thiamine 

Object: To determine whether the fern factor is an enzyme. 

krocodure: 

i. Concentrated solutions of fern suspension and 
thiamine were Incubated together for 72 hours. 
Then the solution was heated to destroy the fern 
factor, and thiamine determined. 

2. FIve ¿rams of 119014 fern were added to lOO micro- 
grams of thiamine at pH L.5 and made up to lO ml. 
This solution was incubated for 72 hours at 370 C., 

centrifuged, and the centrifugate steamed for 30 
minutes in an autoclave. One aliquot was sulfite 
treated to destroy thiamine; the other aliquot was 
not treated with sulfite. Several dilutions were 
made of each. aliquot, and these were tested at the 
1, 2, 3 and L. ml. levels. 

3. Sulfite treatment technique; 

(a) 10 ml. of original steamed solution were 
added to 0.3 grain of NaHSO. and made up to 50 
ml. after the pH was adjused to 5.2. 

(b) This solution was steamed for 30 minutes In an 
autoclave. 

(e) An excess of hydrogen peroxide solution was 
added to destroy the remaining sulfite mole- 
cules. A solution of starch and potassium 
iodide in 50 percent sulfuric acid was used as 
an indicator. 

(d) The pH was adjusted to 6.5, and the volume made 
up to 100 ml. Dilutions were made from this 
solution. 

Li.. The thiochrome method showed little If any thiamine 
left in solution (36). 

Standard Curve: Page 101 



ßperiment 14 
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Standard Curve: 

TiTtlalline Klett 
(Microrama) Unit8 

0.0 31 
o.00S 66 
0.010 36 
0.01s 99 
0.020 116 
O.02S 131 
0.030 133 
0.0L0 1514 

0.050 173 
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Eperinient Li.--Data: 

Fern Dilution Treatment Thiamine Klett 
Extract Plain Sulfite (Mlcrograxna) Units 

(ml.) 

1.0 1:1000 x - 0.00)4 62 
2.0 1:1000 x - 0.009 79 
3.0 1:1000 x - 0.020 113 
14.0 1:1000 X - 0.022 119 
1.0 1:200 x - 0.029 132 
2.0 1:200 x - 0.Otj.2 159 
3.0 1:200 x - - 200 
ikO 1:200 x - - 228 

1.0 1:100 x - 0.016 112 
2.0 1:100 x - 0.036 1149 
3.0 1:100 x - - 2014 

14.0 1:100 x - - 222 
1.0 1:20 x - - 207 
2.0 1:20 x - - 238 
3.0 1:20 x - - 290 
14.0 1:20 x - - 292 

1.0 1:10 x - - 270 
2,0 1:10 x - - 2514. 

3.0 1:10 x - - 313 
14.0 1:10 x - - 318 
1.0 1:1000 - x o.00)4 61 
2.0 1:1000 - x 0.005 6 
3.0 1:1000 - x 0.009 8 
14.0 1:1000 - x 0.017 10 

1.0 1:200 - x 0.016 107 
2.0 1:200 - x 0.031 1)43 
3.0 1:200 - x 0.051 178 
14.0 1:200 - x - 192 
1.0 1:100 - x 0.032 146 
2.0 1:100 - x 0.038 155 
3.0 1:100 - x - 191 
14.0 1:100 - x - 208 

1.0 1:20 - x - 210 
2.0 1:20 - x - 221 
3.0 1:20 - x - 252 

1:20 - x - 25)4 
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Epe riment 

Incubation of Concentrated Solutions 
of Fern Extraot and Thiamine 

Object: To determine whether the fern factor is an enzo, 
and to observo the response of the organism to the 
altered thiamine, 

Procedure: 

1. A concentrated solution of fern extract arid thia 
mine were incubated, steamed, and analyzed for thi- 
amino. 

2. The fern extract was made by incubating tO grams 
of fern H9OlL and 800 nl. of water for 20 hours 
at 370 C. This was then centrifuged. The con- 
trifugate was subjected to a super centrifuging 
with a Sharples instrument. O ml. of this super 
centrifugate were added to 2000 micrograms Of 
thiamine and the volume adjusted to 100 ml. with 
a buffer at pH L.5. The buffer solution was made 
by adding 1000 m]. of 0.1 n sulfuric acid to 90 
ml. of 2 n sodium acetate and adjusting the pH to 

3. The fern extract-thiamine solutions were incubated 
at 370 ç for various periods of time. Then the 
tubes were steamed for 30 minutes and analyzed for 
thiamine after the pH was adjusted to Ó. and ap- 
propriate dilutions were made. 

L. Thiochrome results on these samples are given 
below (36): 

(a) 2.5 hour incubation..,...60 micrograms of thia- 
mine gone. 

(b) L4 hour incubation.....l000 micrograms of 
thiamine gone. 

(e) 90 hour incubation.....l600 micrograms of 
thiamine gone. 

s. Dilutions were made on the basis of the incubated 
solution concentration. A 1/500 dilution means 
one ml. of the incubated soluticfl was made up to 
00 ml., and one ml. of this concentration used 

for the assay. 

Standard Curve: Page 10)4. 
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Standard Curve: 

Thiamine Klett 
(Liororaxns) Units 

0.0 8 
0.005 
0.010 63 
0.015 76 
0.020 8 
0.025 94 
0.030 102 
0.0)40 121 
0.050 135 

kxperiment 5--Data: 

Incubation Dilution Thiamine Klett 
Period (Microrams) Units 
(hrs.) 

2,5 1:500 0.0145 129 
2.5 1:500 0.050 13 
2.5 1:20 - 18 
2.5 1:250 - 182 

44 1:500 0.044 127 

44 1:500 0.055 1)45 

4)4 1:250 - 183 

90 1:500 0.0)40 12]. 

90 1:500 0.032 108 
90 1:250 - 16 
90 1:250 - 15 
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L.periment 6 

Incubation 3f Concentrated o1ution3 
of Fern Extract and Thiamine 

Object: To determIne whether the fern factor is an enzyme, 
and to measure the response of the organism to the 
a1terd thiamine. 

?rocethre: 

1. Same as ExperLuent 5 except that the concentration 
of the fern extract used was increased to 75 ml. 
instead of 50 ml. This was to Insure complete 
destrotIon of the thiamine as measured by the 
thiochrome method. 

2. Results of he thiochrome method are shown below 
(36): 

(a) 69 hour Incubation.....23 micrograms of tliia- 
mino remaining. 

(b) 25.5 hour Inoubation.....755 micrograms of 
thiamine remaining. 

3. A fern extract blank was prepared by adding 75 ml. 
of th super centrifuged extract to 25 ml. of 
buffer and steaming for 30 minutes. This was 
testcd to measure any nonu.'specifie stimulation by 
the heated fern extract. 
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Experiment 6--Data: 

Incubation 
Period 
(hrs,) 

Dilution Thiamine 
(Micrograms) 

Recovered Added* 

Klett 
Unite 

fern blank 1:500 0.040 0.040 137 
1:500 0.039 0.040 136 

" 1:250 0.038 0.040 13 
'I 1:250 0e038 0.040 13 

69 1:500 0.017 - 105 
69 1:00 0.015 - 99 
69 1:250 0.022 - 116 
69 1:250 0.033 - 128 

25.5 1:500 0.033 - 128 
25.5 1:500 0.033 - 128 
25.5 1:250 o.06 - 171 
25.5 1:250 0.06 - 169 

*The original solution contained 20 micrograms per ml., 
thus at the 1:500 dilution we would expect 0.04 nicrogram 
per tube and 0.08 microgram per tube at the 1:250 dilution, 
if all the thiamine remained after the incubation. 
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Experiment 7 

Effect of Heating Fern Extract 

Object: To study the effect of heat on fern factor 
activity0 

Procedure: 

1. Aliquots of fern extract were steamed in an auto- 
clave for various periods of time, and then their 
antithiamine activity was measured. 

2. An enzyme extract of one grain of fern H90114. wa 
prepared and made up to a dilution of 2000 ml. 
Aliquots from this concentration were taken and 
steamed for 5, 15 and 30 minutes in an autoclave 
at a pH of 6.5. These were tested at the 1, 2, 

3 and 14 ml. levels with various concentratlone 
of thiamine ranging from 0.O0 to 0.014 microgram 
per tube. 
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xperiment 7--Data: 

Fern 
Extract 
(ml.) 

Heatinc. 
Feriod 
(min.) 

Thiamine 
(Micrograms) 
Added Found 

Extinction 
Value 

1.0 5 0.005 0.002S 0.143 

2.0 s o.00; 0.002 0.Lj2 
;3.0 0.005 

0.005 
- 0.l0 

0.79 £4.0 : - 

1.0 iS 0.005 0.0014. 0.14.81 

2.0 1 0.005 0.003g 0.Li.7S 

;3.0 is o.00s 0.003 0.b37 
4.0 l 0.005 0.0035 0.1469 
1.0 30 0.005 0.006 0.538 
2.0 30 0.005 o.006 0.533 
3.0 30 0.005 0.008 0.22 
4.0 30 0.00> 0.021 0.00l 
1.0 5 0.01 0.00Ç o.56 
2.0 5 0.01 

0.01 
0.00 
0.003 

0.1 
0.L43 ;3.0 

4.0 5 0.01 0.002 0.L0 
lilo 15 0.01 0.007 o.,o8 
2.0 15 0.01 0.007 o.563 
.0 15 0.01 0.005 0.5e 

4.0 15 0.0]. 0.006 
1.0 30 0.01 0.011 0.6)0 
2.0 0 0.01 0.012 0.óTh 
;3.0 30 0.01 0.011 0.6)0 
LJ..0 30 

s 
0.01 
0.02 

0.016 
0.011 O.00 i.0 

2.0 5 0.02 0.008 0.602 
;3.0 s 0.02 0.007 0.571 
L4iiO 5 0.02 0.00 O.555 
1.0 15 0.02 0.0].c 0.7L5 
2.0 J_ 0.02 0.0114. 0.?uO 
?.0 :, 0.02 0.009 O.o22 
14.0 15 0.02 0.011 0.6t0 
1.0 30 0.02 0.020 0.770 
2.0 30 0.02 0.02t 0.798 
3.0 30 0.02 0.020 0. 70 
14.0 30 0.02 0.031 0.ci3O 
1.0 5 0.014. 0.021i. 0.798 
2.0 5 0.014 0.01 0.678 
3.0 0.014 0.000 
4.0 5 0.014 0.008 O.óOO 
1.0 15 o.o o.o 0.870 
2.0 15 0.0z. 0.0o 0.830 
3.0 15 0.014 0.019 0.72 
14.0 15 0.0k 0.018 O.LO 
1.0 30 0.0{. 0.037 0.U0 
2.0 30 0.04 0.031 0.850 
3.0 30 0.014 0.028 0.80 
4.0 30 0.014 0.037 0.800 
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Experiment 8 

Dialysis Studies 

Object: To deteino whether the fern factor is clialyzable. 

Procedure: 

1. One aliquot from a fern extract was untreated; 
another was subject to a 14.8-hour dialysis. The 
activity of both aliquota was then measured. 

2. An enzyme extract of two i gram samples of fern 
H10219 was prepared. The centrifugates from these 
were combined and made up to a volume of OO n1. 

Two O ml. portions of this were dialyzed for L8 
hours. After dialysis the pH was adjusted to ó. 
and the activity measured at the SOO ini. dilution, 
with fern extract added at the 1, 2, 3 and 14. mi. 
levels. The untreated aliquot of fern extract was 
prepared in the same way exopt for dialysis. 

3. The dialysis was carried out in cellulose sausage 
casing manufactured by the Visking Company, Chi- 
cago, Illinois, and was from lot #701. The bags 
were suspended in a 14.-liter beaker of distilled 
water. A fresh supply of distilled water was 
added continually from a still at the rate of 
about 3 liters per hour. Ixcess water overflowed 
from the beaker. Dialysis was continued for 14.8 

hours. 

14.. Thiamine was added to the tubes at the 0.01-0.014. 
microgram levels. 

Standard Curve: 

Thiamine Kiott Thiamine Klett 
(Micrograms) Units (Micrograms) Units 

0.0 39 0.0? 12 
0.005 63 0.OL. 13 
0.010 76 0.OS 155 
0.015 93 
0.020 113 
0.025 121 
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Eperimenl 3-..Data: 

Fern DIalyzed Thiwnine Klett 
ktract (Micrograms) Unite 
(ml.) Adde4 Found 

1.0 - 0.01 0.006 65 
2.0 - 0.01 0.002 Sl 
;3.0 - 0.01 0.006 67 
14.0 - 0.01 0.00, ót. 

lilo 0.02 0.011 81 
2.0 0,02 0,00)4 59 
.0 - 0.02 0.007 68 

4.0 - 0.02 0.012 86 

1.0 - 0.03 0.012 81 

2,0 0.03 _ 
;3.0 - 0.03 0.007 69 
i.o - 0.0? 0.011 82 
1.0 - O.0L. 0.011 81 
2.0 - 0.04 - - 

.0 - 0.0)4 0.006 o5 
L.,O - O.Ot. 0.015 92 

1.0 x 0.01 0.008 73 
2.0 z 0.01 0.007 68 
3.0 z 0.01 0.010 7 

x 0.0]. o.008 7 
1.0 x 0.02 0.013 8 

2.0 x 0.02 0.013 89 
3.0 z 0.02 0.010 81 
L.o x 0.02 0.011 82 

1.0 x 0.03 0.017 103 
2.0 x 0.03 0.016 98 
3.0 z 0.03 0.013 86 
14.0 x 0.0? 0.01, 93 
1.0 x 0.04 0.022 118 
2.0 z 0.0!. 0.018 106 
3.0 x o.oL. 0.018 106 
14.0 z o.oI. 0.018 106 



Experiment 9 

DialysIs Studies 

ect: To determine whether 
and test the activity 
dialyzable fractions. 

Procedure: 

111 

the fern fcctor is dialyzable, 
of the non-dialyzable arid 

1. An aliquot from a fern extract was subject to a 
sp1nnin dialysis; another aliquot was not di- 
alyzed. The uridialyzed extract, non-dialyzable 
fraction, and dialyzate were tested for anti- 
thiamine activity. 

2. A water extract of one gram of fern 1110219 was 
prepared. The centrifugate was made up to O :l. 
Half of this was saved untreated; the other half 
was subject to a 8-hour dialysis. The dialysis 
bag was made of cellulose sausage casing (same as 
Experiment 8). It was slowly revolved during the 
dialysis in a beaker contaIning 1000 ml. of dis- 
tilled water. 

3. The untreated aliquot, the non-dialyzable fraction, 
and the dialyzate were all made up to a 2000 ml. 
dilution and their activity measured with thiamine 
concentrations ranging from 0.01 to o.oI. micro- 
gram per tube. The unìtreated aliquot and non- 
dialvzable fraction were tested at the 2000 ml. 
and ÌO00 ml. dilutions; the dialyzate was tested 
at the 2000 and 1000 ml. dilutions. 

Standard Curve: 

Thiamine Klett 
(Micrograms) Unite 

0.0 2L. 

0.005 62 
0.010 76 
0.0ls 89 
0.020 102 
0.025 lii 
0.030 11 
0.0L0 13 
0.0.70 
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'pe riment 9--Data: 

Fern Dilution Treatment Thiamine Klett 
xtract of Fern (Micrograms) Units 
(nil,) Extract Added Found 

(ml.) 

1.0 2000 plain 0.01 0.001 14.2 

1.0 2000 tl 0.01 0.001 14.2 

1.0 2000 dialyzate 0.01 0.0114. 89 
1.0 2000 " 0.01 0.010 77 
1.0 2000 non-dialyzable 0.01 0.002 14.3 

1.0 2000 " 0.01 0.002 145 

1.0 2000 plain 0.02 0.003 50 
1.0 2000 " 0.02 0.005 ô0 

1.0 2000 dialyzate 0.02 0.019 100 
1.0 2000 ' 0.02 0.013 98 
1.0 2000 non-dialyzable 0.02 0.0014 55 
1.0 2000 " 0.02 0.0014 53 
1.0 2000 plain 0.0)4 0.015 92 
1.0 2000 't 

0.014. 0.020 101 
1.0 2000 dialyzate 0.0)4 0.0)43 1)40 

1.0 2000 U 0.0)4 0.0)43 1)40 

1.0 2000 non-dialyzablo 0.0)4 0.02)4 109 
1.0 2000 " 0.0)4 0.02? 107 
1.0 )4000 plain 0.01 0.0OL. 56 
1.0 )4000 n 0.01 o.00)4 514 

2.0 2000 dlalyzate 0.01 0.011 81 
2.0 2000 't 0.01 0.010 79 
1.0 14000 non-dialyzable 0.0]. 0.00)4 58 
1.0 )4000 'I 0.01 0.00)4 57 

1.0 )4000 plain 0.02 0.011 82 
1.0 14.000 

n 0.02 0.010 78 
2.0 2000 dialyzate 0.02 0.021 150 
2.0 2000 n 0.02 0.020 103 
1.0 )4000 non-dialyzable 0.02 0.012 8)4 

1.0 )4000 n 0.02 0.012 83 
1.0 )4000 plain 0.0)4 0.033 125 
1.0 )4000 " o.o)4 0.028 118 

2.0 
2.0 

2000 
2000 

dialyzate 
" 

0.014. 

0.014 
0.050 
o.o)48 )i9 

1.0 )4000 non-dialyzablo 0.04 0.009 77 
1.0 )4000 

ti 

o.o)4 0.027 11)4 
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xperiment 10 

Ascorbic Acid Content of Fern Leaves 

Object: To determine the ascorbic acid content of bracken 
fern leaves, 

Procedure: 

1. Two different campiez of fern leaves were analyzed 
rar their ascorbic acid content. One sample was 
airdried H9014, which was about 2 years old, and 
had been stored at room temperature. The other 
sample was picked fresh in July, and was blended 
within one hour after picking. 

2. Ascorbic acid was determined by the method of 
Loeffler and. koziting (60,110). About 2 grams of 
fern leaves were blended for 5 minutes in a Waring 
Blender with 3O ml. of I percent metaphosphoric 
acid. This was filtered and the filtrate assayed 
colorimetricafly by adding a dye of lmowri concen 
tration and measuring the loss of color due to the 
ascorbic acid reduction of the dye. The dye used 
was 2-6, dichlorobenzenone Indophenol. 

3 This experiment was car 
of Dr. Bessie L. Davey, 
conomics, Oregon State 

Sample Grams 
Tested Sample 

ned out with the assistance 
from the Department of Mo 
College. 

Mgs Ascorbic 
Acid per 100 grams 

or sample 

H9Ol1. i 27 .bO 
H9OlL. i L6.O3 
H90114. 1 2.2O 
H9O11. Average 32.88 

Fresh 2S 
Fresh 2S l7.O5 
Fresh 2 l31..27 
Fresh Average lL7.29 
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Experiment 11 

Relative Activity of Vater and Buffer raets of Fern 

Object: To test the reiabive act.vitj of feru extracts 
prepared with plain water or buffer, with and 
without takadiastase and papain. 

Procedure: 

1. Eat fera extracts were repaxed, us1n. 0.5 gram 
of fern d10219 for each extract. These were di- 
vided into two classes, those containing buffer, 
aic1 those containin just water. iJach class in- 
ciuded extracts prepared by ad-1in, both enzymes 
toßether, singly, or omitting them altogether. 
Enzymes were added in lO mg. amounts per extract. 
The incubated volume was 20 ml. of 0.5 percent pH 
L.,5 buffer or 20 ml. of distilled water, The 
buffer was a sodium acetate-acetic acid mixture. 

2. The incubation was carried out for 20 hours at 
370 C. The mixtures were centrifuged, and the 
centrifuates made up to 2000 ml. dilutions for 
testing, after the pHs were adjusted to 6.5. 
These were added to the tubes at the i ml. level. 

3. Thiamine was added in concentrations of 0.02 and 
o.oI microgram per tube. 

Standard Curve: 

Thiamine Klatt 
(Micrograms) Units 

0.0 27 
0.005 63 
0.010 80 
0.015 95 
0.020 111 
0.025 119 
0.0?O 129 
0.0LO 242 
0.050 161 
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.txperiment 11--Data: 

Treatment 
Solution &lzyme* 

Thiamine 
(Micrograms) 
Added Found 

Kiett 
Units 

buffer TP 0.02 0.013 91 
buffer TP 0.02 O.Olh 9 
buffer TP 0.014 0.036 13 
buffer TP 0.014 0.036 137 

buffer T 0.02 0.016 99 
buffer T 0.02 o.oió 99 
buffer T 0.0)4 0.0140 1)43 
buffer T o.o)4 0.0)40 1)42 

buffer P 0.02 o.oió 98 

buffer P 0.02 0.015 96 

buffer P 0.0)4 0.038 
buffer P 0.014 0.038 1)40 

buffer - 0.02 0.0]. 95 
buffer - 0.02 0.01)4 93 
buffer - 0.0)4 0.038 139 
buffer - 0.0)4 0.038 139 

water 0.02 0.009 79 
water - 0.02 0.009 7 
water - 0.04 0.018 10 
water - o.o)4 0.019 10 
water T 0.02 0.011 86 

water T 0.02 0.011 86 

water T o.o)4 0.023 11 
water T 0.0)4 0.025 11 

water P 0.02 0.010 8h. 

water P 0.02 0.010 8)4 

water o.o)4 0.022 113 
water p o,o)4 0.022 113 
water TP 0.02 0.008 7t3 

water TP 0.02 0.008 77 
water TP 0.0)4 0.02)4 117 
water TP 0.0)4 0.02)4 116 

Takadiastase 
P Papain 
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Experiment 12 

Incubation of Fern itract and Neopyrithiamine 

Object: To test the ability of the fern factor to adsorb 
neopyrithiamine. 

Procedure: 

1. Various levels of neopyrithianilne and fern ex- 
tract were incubated together for 72 hours. If 
the fern factor adsorbs neopyrithiarnine, the 
growth inhibition should be less after the in- 
cubation period. In effect, these two antithia- 
mine factors should cancel each other. 

2. An enzyme extract was prepared from one gram of 
H90]J4. fern and made up to a dilution of 2000 ml. 
Various levels of this fern extract and neopyri- 
thiamine were incubated for 72 hours at 370 C. and 
pH 6.S. 

3. The fern extract was not as potent as it could be, 
probably because of the deterioration of activity 
over the past two years while in storage. 

Standard Curve: 

Thiamine Klett 
(Micrograms) Units 

0.0 26 
0.005 70 
0.010 92 
o.oi; ioI. 

0.020 121 
0.O2 130 
0.O;30 137 
0.0140 

O.OsO 17 



Experiment 12--Data: 

Fern Neopyrithiamine Incubation Thiamine Klett 
Extract (Micrograms) (Micrograms) Units 

() Added Found 

- 0.014 - 0.01 O.00t. 68 
- 0.0 - 0.01 0.002 
- o.o - 0.02 0.010 89 
- 0.08 - 0.02 0.012 94 
- 0.12 - 0.03 0.008 82 
- 0.12 - 0.0 0.008 82 
- 0.16 - 0.0)4 0.031 135 
- o.i6 - 0.014 0.031 135 

2.0 - - 0.01 0.010 88 

2.0 - - 0.01 0.009 84 

2.0 - - 0,02 0.016 102 
2.0 - - 0.02 0.017 10 

2.0 - - 0.03 0.020 111 
2.0 - - 0.0? 0.021 114 
2.0 - - 0.0l4 0.042 ]4 
2.0 - - o0)4 0.035 ii.O 

1.0 - - 0.02 0.015 102 
1.0 - - 0.02 0.018 108 
2.0 0.0)4 X 0.0]. 0.021 124 
2.0 O.0L, x 0.01 0.019 120 
2.0 0.0e x 0.02 0.026 137 
2.0 0.08 x 0.02 0.02b 137 
2.0 0.12 x 0.03 0.040 163 

2.0 0.12 x 0.03 0.038 159 

2.0 0.16 x 0.04 0.050 184 
2.0 0.16 x 0.04 0.050 187 
1.0 0.08 x 0.02 0.023 129 
1.0 0.08 x 0,02 0.023 130 
1.0 0.08 - 0.02 o.006 35 
1.0 0.08 - 0.02 0.005 80 
2.0 0.04 - 0.01 0.005 77 
2.0 0.04 - 0.01 0.003 62 

2.0 0.12 - 0.03 0.015 112 
2.0 0.12 - 0.03 0.00? 
2.0 0.16 - 0.04 0.024 132 
2.0 0.16 - 0.04 0.017 115 

A11 thiamine was added just before the run was made. 
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Experiment 13 

Incubation of Fern Etract and Neopyrithianiine 

Object: To test the ability of the fern factor bo adsorb 
neopyrithiamine. 

Procedure: 

1. A water extract was preparad from one gram of fern 
1110219 and made up o a dilution of L.000 ml. This 
was added in 1 ml. portions to the assay tubes. 

2. All incubations of fern extract and neopyrithiamine 
were done at the concentration level which was 
assayed. Incubations were carried out at 370 C. 
for 72 hours at a pli of Solutions were 
buffered with a 0.01 percent sodium acetate- 
acetic acid solution. 

3. The pH of Incubated solutions was adjusted to 6.S 
before assaying. 

L, Thiamine was added at 0.02 and o.0J4 microgram per 
tube. 

5;. Fern extract blanks and neopyrithiamine blanks 
were also incubated to show any loss of activity 
during that period. 

Standard Curve: 

Thiamine flett 
(Micrograms) Units 

0.0 51 
0.005 714. 

0.010 
0.015 101 
0.020 112 
0.025 11? 
O.0;30 l2L 

O.O4O 13 
0.050 153 
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Experiient 13--Data: 

Fern ileopyrithiamine IncubatIon Thiamine Klett 
Extract (Micrograms) (Micrograms) Units 
(rn1) Added Found 

1.0 0.06 x 0.02 O.O1 10]. 

1.0 0.08 x 0.02 0.015 100 
1.0 0,08 - 0.02 0.003 68 
1.0 0.08 - 0.02 0.002 62 
- o,oß X 0,02 0,012 914. 

- 0,08 X 0.02 0.012 93 
- 0,08 - 0.02 56 
- 0.08 - 0.02 - 314. 

lilo - X 0.02 0.009 85 
1.0 - X 0.02 0.010 89 
]..O - - 0.02 0.010 8 

1.0 - - 0.02 0.009 87 
1.0 0.16 X 0.014. 0.0 8 133 
1.0 0.16 x 0.014. 0.040 138 
1.0 0.16 - 0.014. 0.01v 100 
1.0 0.16 - 0.014 o.001 70 

- 0.16 x 0.014 - 

- 0.16 x 0.014. - - 

- 0.3.6 - 0.014 - )41 

- 0.16 - 0.014 - 56 
1.0 - x 0.014 0.030 127 
1.0 X 0.014 0.025 117 
1.0 - - o.o14 0.029 125 
1.0 - - 0.014. 0.025 120 

*A11 thiamine was added just before the run was made. 



Experiment 1)4 

Heat Stability of Thiamine 

Object: To test for the destruction of thiamine when 
steamed at various pH levels. 

Procedure: 

1. 25 ml. aliquots of 
100 micrograms per 
clave for 30 or 45 
2.0 to 4.5. These 
analysis after ste 
L).). 

thiamine 
ml. were 
minutos, 
solution 
aming and 

120 

solution containing 
teamed in an auto- 

with pH varying from 
were diluted for 
adjusting the pH to 

2. The solutions were tested at the 1, 2, 3 and 14 rn]. 

levels, based on an origInal thiamine ooncentra- 
tion of 0.01 rriicrorams per ml. after dilution. 

3. All solutions contained 0.01 percent sodium 
acetate-acetic acid buffer. 

Standard Curve: 

Thiamine Klett 
(Micrograms ) Units 

0.0 41 
0.005 70 
0.010 88 
0.015 102 
0.020 119 
0.025 127 
0.030 136 
0.040 153 
0.050 165 



perinient 114--Data: 

Volume Steaming pH r2hjne Klett 
Tested Time (Micrograms) Units 
(ml.) (min.) Added Found 

1.0 145 14.5 0.010 0.010 90 
2.0 t.5 14.5 0.020 0.023 12h. 

3.0 14.5 o.00 0.035 114 

4.0 145 14.5 0.0140 0.0140 15 

1.0 145 3.5 0.010 0.010 87 
2.0 145 3.5 0.020 0.020 116 
.0 145 3.5 0.0 0 0.030 1 7 

145 3.5 0.0L,0 0.035 

1.0 145 3.0 0.010 0.010 87 
2.0 145 3.0 0.020 0.020 115 

145 3.0 0.030 0.030 137 13.o 

3.0 0.OLjO 0.036 .u7 

1.0 145 2.0 0.010 0.010 90 
2.0 145 2.0 0.020 0.020 118 
3,0 145 2.0 0.0 0 0.0 8 150 

145 2.0 0.040 0.042 

1.0 30 14.5 0.010 0.010 89 
2.0 30 14.5 0.020 0.019 113 
.0 30 14.5 0.0 0 0.028 

0.038 
133 

¿4.0 30 14.5 0.040 149 

1.0 30 3.0 0.010 0.010 37 
2.0 30 3.0 0.020 0.020 hO 
3.0 30 3.0 0.030 0.030 137 
¿4.0 30 3.0 0.040 0.041 15 
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Experiment 15 

Heat Stability of ThiamIne 

Object: To test for the destruction of thiamine when 
steamed at various pH levels. 

£rocedure: 

1. Aliquobs of thianilne solution containing 0.1 to 

o.L. micrograms per ml. were steamed in ari autoclave 
for 30 or 15 minutes, with pH varying from 2.0 to 
L..5. These solutions were diluted for analysis 
after stea.min and adjusting the pH to 6.5. 

2. All solutions contained 0.01 percent sodium 
acetate-aceiic acid buffer. 

Standard Curvc; 

Thiamine I1ott 
(Micrograms) Units 

0.0 2]. 

0.005 62 
0.010 77 
0.015 95 
0.020 109 
0.025 
0.030 

119 
125 

o.o)Io 1t9 
0.050 l(i3 
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Experiment 15--Data: 

'i?hiamine Steaming* pH Thiamine K1tt 
(Microgram$/ml.) Time (Micrograms) Jnits 

(min.) Added Found 

0.]. 30 L..5 0.010 0.008 7 

0.2 30 Lk5 0.020 0.025 11 
30 L1.5 0.030 0.019 10 

0.Lj. 30 I.5 0.0LO 0.039 14 

0.1 30 3.5 0.010 0.00)4 57 
0.2 30 3.5 0.020 0.020 107 
0.'' 30 3.5 0.030 0.011 82 
o.r 30 3. O.0L.0 0.018 101 

0.1 30 3.0 0.010 0.009 7)4 

0.2 30 3.0 0.020 - - 

0.;3 30 3.0 0.030 0.015 
0.14 30 3.0 0.040 0.039 J46 

0.1 . 30 2.0 0.010 0.013 38 

0.2 30 2.0 0.020 - - 

0.;3 30 2.0 0.0?0 0.032 13)4 

0.14 30 2.0 0.0L0 0.0145 157 

0.1 145 4.5 0.010 0.003 72 

0.2 u.S 4.5 0.020 0.015 97 
45 4.5 o.00 - - 

0.1.4. 4.5 0.0140 0.037 1)43 

0.1 4, 3.0 0.010 0.010 77 
0.2 45 3.0 0.020 - - 

4, 3.0 0.030 0.032 1 

o.i.i 45 3.0 0.OLI.0 0.039 1 

0.1 30 3.5 0.010 0.010 76 
0.2 30 3.5 0.020 0.017 100 
0.3 30 3.5 0.030 0.029 126 
0.4 30 3.5 0.0)40 0.0)40 147 

*Thiamine was steamed at a hi1i concentration, and sub- 
sequently diluted for analysis. 
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Experiment 16 

Heat Stability of Thiamine 

Object: To test for the destructIon of thIamine when 
- steamed at various pH levels. 

Procedure? 

1. Aliquots of thlarilne solutIon containinC 0.0]. to 
0.0k nIcrograr per ml. and 0.002 to 0.008 micro- 
crtn per ini. were steamed in an autoclave for )45 

minutes, with pH varying from 2.5 to 1.5. The 
pH was adjusted to 6.5 after steaming. 

2. Ail solutions contained 0.01 percent sodiuri 
acetate-acetic acid buffer. 

Standard Curve: 

Thiamine Klett 
(Micrograms) Unite 

0.0 29 
0.005 59 
0.010 76 
0.015 86 
0.020 96 
0.025 101 
0.030 110 
0.0140 122 
0.050 136 



Eper1ment 16--Data: 

Volume Steaming pH Thiamine Klett 
Tested Dilution (Micrograms) Units 
(ml.) (Microgram/mi.) Added Found 

1.0 0.01 J4.5 0.010 0.010 76 
1.0 0.02 14.5 0.020 0.016 88 

1.0 O.03 )4.5 O.030 O.O3O 110 
1.0 0.OU 14.5 0.040 0.0L.0 121 
1.0 0.01 3. 0.010 0.013 83 

1.0 0.02 3.5 0.020 0.023 100 
1.0 0.0 3.5 0.0 0 0,0 0 110 
1.0 0.014 3.5 0.0L.0 0.0143 127 
1.0 0.0]. 2.S 0.010 0.016 69 
1.0 0.02 2. 0.020 0.020 97 
1.0 0.0 2.S 0.0 0 0.0 2 112 
1.0 0.04 2.S 0.0L.0 0.040 122 

seo 0.002 )4. 0.010 0.00S 
;.o o.00L 14. 0.020 0.021 98 

5.0 o.00ó 0.0 0 0.026 106 
e0 0.008 L o.oi.o 0.033 113 

5.0 0.002 3.5 0.010 0.017 90 

,.0 0.0014 3.5 0.020 0.023 100 

5.0 0.006 3.5 0.030 0.026 lOS 
.O 0.008 3.5 O.Oi..0 o.c4o 12]. 

1.0 0.01 L..5 0.010 0.013 82 

1.0 0.02 L..5 0.020 0.020 95 
1.0 0.0? S O.030 0.031 111 

1.0 0.0L. )4., 0.0140 0.043 125 
1.0 0.01 3.5 0.010 0.012 79 
1.0 0.02 3.5 0.020 0.020 96 
1.0 0.03 3.5 0.030 0.035 115 
1.0 0.0L 3.5 0.040 o.oL.6 130 
1.0 0.01 2.5 0.010 0.020 96 
1.0 0.02 2.5 0.020 0.027 105 
1.0 0.0 2.5 0.0 0 0.00 110 
100 0.OLi. 2.5 0.0L0 0.0Lil. 128 

5.0 0.002 4.5 0.010 o.006 64 
5.0 O.00Lt 4.5 0.020 o.005 60 
5.0 0.006 4.5 0.030 0.027 105 

0.008 4.5 0.040 0.033 113 

5.0 0.002 3.5 0.010 0.017 91 

5.0 0.004 3.5 0.020 0.018 92 

5.0 0.006 3.5 O.00 0.030 108 
5.0 0.008 3.5 0.040 0.039 119 
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i.porimont 17 

Sulfite Treatment of Neopyx'ithlamine 

Object: To test the effect of 1fite treatment on neo- 
pyrithianilne, a thiamine ana.ogue. This treatment 
will destroy the thiamine molecule. 

krocedure: 

1. One samj1e, at a given level 
thaniine i sulfite treated; 
carried through th sulfite 
3alfite added. These latter 
"procedure treated" samples. 

of neopyith1nine or 
&ìother srip1e is 
procedure with no 
samples are called 

2 The sulfito treatment consts of the addition of 
0.3 gram of NaHSO. to 10 ml. of sample. The pH is 
adjusted to .2 añd the volume made up to 50 ml. 
This is steamed In an autoclave for 30 m.tnute. 
Excess sulfite is renoved by adding a solution of 
hydrogen peroxide until the indicator shows that 
an excess of peroxide has been added. The pH is 
adjusted to 6.5 a:;d proper dilutions are made 
before the analysis is attempted. 

3. The thdicator consists of a 0.2 percent starch 
solution added to a 5 percent potassium iodide 
so1uton in 50 percent sulfuric acid. 
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Experiment 17--Data: 

Treatment Noopyrithiamine Thiamine Klett 
Sulfito Procedur& (Micrograms) (Micrograms) Units 

Added Found 

X - 0.014 0.01 0.011 614. 

X - O.Oti. 0.01 0.009 60 
- X 0.014. 0.01 0.007 
- X 0.0)4 0.01 - 37 
X - 0.08 0,02 0.020 814. 

X 0.08 0.02 0.019 81 
- X 0.08 0.02 0.00 60 
- X 0.08 0.02 0.004 L6 
X - 0.16 0.014. o.oLo 112 
X - 0.16 O,OLi. 0.0140 112 

X 0.16 O.01 0.021 86 
- X 0.16 0.0I 0.01 714. 

X - 0.12 0.03 0.030 99 
X - 0.12 0.03 0.027 9 
- X 0.12 0.03 0.015 7 
- X 0.12 0.03 O.O1S 714. 

X - - 0.01 - 27 
z - - 0,01 - 23 
- X - 0.02 0.011 
- X - 0.02 0.010 64 
- - 0.014 0.0.1. 0.002 14 
- - 0.014 0.01 0.003 143 

- - 0.02 0.02 0.002 10 
- 0.02 0.02 0.018 
- - 0.08 0.02 0.005 
- 0.08 0.02 0.005 50 
- - o.o14 0.02 0.018 80 
- - o.oL 0.02 0.016 76 
- - 0.10 0.014 0.023 89 
- - 0.16 0.014. 0.020 83 
- - 0.06 0.02 0.016 76 
- - 0.06 0.02 0.004 145 

X - - 0.02 15 
X - .. 0.02 - 15 
- - 0.08 0.02 0.006 
- - 0.08 0.02 0.005 LI.8 

X - - 0.014 - 5 
x - - 0.014 - 5 

x - 0.014 0.023 90 
- x - o.o14 0.021 87 

indicates that the solution was carried through 
the sulfito procedure, but no sulfite was added. 
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Eporiment 18 

Concentratori Studies wIth Magnesium Sulfate 

Object: To concentrate the actIve fern factor by salting 
out with various solutions cf rnaeaium eulfate. 

rocodure: 

I, ¿ sauratod solution of magnesium sulfate was pre- 
pared by heatIng an excess of this sa.t in dis- 
tIlled water, 1ltering, and allowing the solution 
to coo]. overnight. Excess magnesium s'1fate 
crystallizod out, leaving a saturated solutIon. 

2. Water extracts of fern 1110219 were prepared. The 
oxtracl; from O. gram of fern was made 0.2, 0J4, 
0.6 and 0.8 saturated with respect to magnesium 
sulfate. Each solution contained the extract from 
O. gram of fern and 7 ml, of 1 ni sodium acetate- 
acetc acid buffer (pH S.0). Total volunie for 
each solution was 100 ml. 

3. Ths solutions wcr'e allowed to stand at ÇtO C. for 
20 hours and then centrifuged. 50 ml. of centrifu- 
gate ;vore pipetted from each solution, and subject- 
ed to a t.8-hour running dialysis with Celluloid 
nembranos. The precipitates were resuspended in 
100 nl. of distilled water. 

14. Aliquota of cenbrifugates and precipitates were 
adjusted to pH ô. and diluted to the 2000 and tj.000 
ml. dilution levels (based on i gram of fern) for 
analyiis. 

s. Al]. final dilutions contained 0,01 percent sodium 
acetate-acetic acid buffer to pH 6.5. 

Standard Curve: 

Thiamine Klett Thiamine Klebt 
(Micrograms) Units (Microrams) Units 

011o 21 0.025 106 
0.005 52 0.0 0 iit. 

0.010 68 o.oio 129 
0.015 83 0.050 137 
0.020 98 
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i'xperiment 18--Data: 

Test Solution Cono.* Dilution Thiamine Klett 
Centrifugate Ipt. MgS% of Fex (Micrograms) Units 

Extract Added Found 

X - 0.2 1:2000 0.02 O.00 72 
X - 0.2 1:2000 0,02 O.O1L. 85 
X - 0.2 1:14.000 0.02 0.003 50 
X - 0.2 1:Lj000 0.02 0.012 81 
X - oJ4 1:2000 0.02 0.015 87 
X - 0.)4 1:2000 0.02 0.001 23 
X - od1. 1:I.00O 0.02 0.009 72 

X - 0. i:I000 0.02 0.002 Lj.0 

X - 0.0 1:2000 0O2 0.008 70 
X - 0.6 1:2000 0.02 0.008 70 
X - 0.8 1:2000 0,02 0.011 78 
X - 0.8 1:2000 0.02 0.010 75 
X - 0.8 l:000 0.02 0,011 79 
X - 0.8 1:t.000 0.02 0.0014 52 

- X 0.2 1:2000 0.02 0.017 90 
- X 0.2 1:2000 0.02 0.015 88 
- X 0.2 l:I000 0.02 0.017 90 
- X 0.2 l:L.000 0.02 0.015 87 
- X 0.14 1:2000 0.02 0.018 92 
- X 0.14. 1:2000 0.02 0.018 92 
- X 0.14 1:14.000 0,02 0.018 92 
= X 0.14 id.000 0.02 0.015 ô? 

X 0.6 1:2000 0.02 0.017 90 
X 0.6 1:2000 0.02 0.022 102 
X 0.6 l:L000 0.02 0.022 102 
X 0.6 1:14000 0.02 0.0]. 88 
X 0.8 1:2000 0.02 O.01L. 85 
X 0.8 1:2000 0.02 0.012 79 

- X 0,8 l:I000 0.02 o.00ß 68 
X 0.8 1:Ii.000 0.02 0.0]ii. 8I. 

1.0 is a saturated solution of MgS0j. 
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periment 19 

Conceritraton Studic with agrsium Sulfate 

ìbect: To concentrate the &ctve fern factor by 3altíng 
out with variou3 olution3 cf magnesium sulfate. 

Procedure: 

:L. Th same general type of experiment was performed 
a in Experiment 15, using 0.8 and 1.0 saturated 
solutions of rnagneiurn sulfate. The water extract 
from o.í; of H10219 fern wai used with each 
salt solution. Thec viere allowcd to 8tand for 
2h hours at 20 C., and then centx'ifued. Cen- 
trifugate8 and resuspended precipitatc were sub- 
Jcctd tc a ij8-hour runnIng dialysIs using 
Celluloid bass. The two centrifugate dialysis 
ba;s burst, due to swelling caused by rapid 
passage of water Into the bags. 

2. The dialyzed precipitate solutions were adjusted 
to a H of 6.5 and made up to 100 ini. Aliquots 
from thIs were diluted to ¿4000, 2000, 1000 and 
500 mi. dIlutIon levei. One rai, from each of 
these dIlutions was tested for activity. 

3. ThIamine was added at 0.02 or o.üI. microgram per 
tube. 

Standard Curve: 

Thiamine Ilett 
(Micrograms ) Uni 

0.0 io 
o.00; 53 
0.010 70 
r t'1 
LI s 

0.020 98 
0.025 110 
o.0;30 120 
0.0)40 iL.2 
r' J,v,v iÇ 

J.L)L) 
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Experiment 19--Data: 

Conc.* Dilution of Thiamine Klett 
MgS Fern Extract (Micrograms) units 

Added Found 

1.0 1:LOOO 0.02 0.021 101 
1.0 1:L1.000 0.02 0.021 101 
1.0 1:2000 0.02 0.022 102 
1.0 1:2000 0.02 0.020 99 
1.0 1:1000 0.02 0.020 99 

1.0 1:1000 0.02 0.020 98 
1.0 1:00 0.02 0.020 98 
1.0 1:00 0.02 0.019 9 
1.0 1:500 0.0. o.oL. 

1.0 1:500 o.oI. 0.0L4 152 

0.8 1:Lj.000 0.02 0.022 102 
0.8 1:L1.000 0.02 0.021 101 
0.8 1:2000 0.02 0.021 101 
0.8 1:2000 0.02 0.020 98 
0.8 1:1000 0.02 0.020 98 

0.8 1:1000 0.02 0.022 102 
0.8 1:500 0.02 0.022 102 
0.8 1:500 0.02 0.019 95 
0.8 1:500 0.0LJ o.otJ1. 152 
0.8 1:500 o.oL. o.o14. 152 

* 
1.0 is a saturated solution of MgS0j. 


