A STUDY OF THE RELATIVE VITAMIN
B COMPLEX CONTENT QOF THE
R AND S FORMS QF
SACCHAROMYCES CEREVISIAE

HANSEN, SAAZ

THESIS FOR THE DEGRER OF M, S
old Buskirk
1934

l-':









A STUDY OF THE RELATIVE VITAMIN B
COMPLEX CONTENT OF THE R AND S FORMS OF
SACCHAROMYCES CEREVISIAE HANSEN, SAAZ

N

L T SO et

THESIS

Respectfully Submitted to the
Graduate School of Michigan State College
in Partial Fulfillment of the Requirements

for the Degree of Master of Sclence

By

P

Harold Buskirk

1934

iji 'JJ:‘J



The author wishes to express his indebtedness
and gratitude to Dr. C. A. Hoppert, Associate
Professor of Chemistry, for his advice and
supervision in the planning of this project and
his assistance in carrying out the vitamin assays,
and to Dr. F. W. Fablan, Associate Professor of
Bacteriology, for his invaluable assistance and
supervision in growing the yeast.

This opportunity is taken to express my thanks
to Dr. N. Halliday of the Home Economics Department

for her advice in conducting vitamin B assays.



INTRODUCTION

In recent years a great deal of emphasis has
been placed on vitamins and their role in nutrition.
As a result, extensive studies have been made of
the distribution. of vitamins. Yeast has long been
recognized as one of the best sources of vitamins
B and G and recently has been used extensively in
the manufacture of ergosterol which can be converted
into an antirachitic substance by treatment with
ultra violet light. Extracts of yeast containing
the vitamins as well as other nutrient parts have
been prepvared. These extracts are added to foods,
medicines etc. Dried yeast has also been irradiated,
thereby producing a material of high antirachitic
potency. A milk of high vitamin D content 1is
produced by feeding this yeast to milch cows.

Studies have been made by various workers on
the variation of vitamins B and G in different
species of yeast and in different strains of the
same species. A quantitative study has also been
made of the amount of ergosterol produced in
different species of yeast. In these studies no
attention was given to the dissociated variant or
form of the yeast which was used. In view of more
recent work it is evident that yeasts, like bacteris,

undergo dissociation. It has been shown that the

normal smooth,S form, may be induced by various



stimuli to dissociate into a rough, R form, and a
gonidial, G form, and also various transitional
forms. These three types are distinctly different
ffom each’A Yoth culturally and morphologically,
although they are derived frorm the same cell of
the S form.

Since the previous studies were made with
yeast in which the forms were not known or 4
recognized, they did not fake into consideration
the possibility - that there might be a variation
in the vitamin content of the dissociants of the
same strain. Accordingly it was considered
feasable to make an investigation of this phase

of the subject.
HISTORICAL

Little work has been done on the variation of
vitamine B. and G in different species of yeast.
Quinn, Whalen and Hartley (1930) however, studied
" five samples of Amerlcan and Canadian yeast for
their vitamin B and G content. Amoung them were
two samples of brewers yeast, two samples of dry
powdered yeast, and a sample of fresh starch-free
baker's yeast. One of the samples of brewers yeast
was obtalned from Canada while the other was from
New York. The Canadian was "a top yeast" that had
been dried at the plant in steam heated drume and

then ground to a coarse powder. The New York



sample was a "bottom yeast" that was obtainedin a
moist condition and dried in the laboratory. They
found that the vitamin B content of the two samples
of brewérs yeasf was dcfihitely greater than any
of the other samples, the difference belng at least
ten fold. The Canadian "top yeast" was slightly
more potent than the New York "bottom yeast", but
the difference was very slight. The vitamin G
content of all the samples was very uniform.

Bills, Massengale and Prickett (1930) made
an investigation of the ergosterol content of
twenty-nine cultures of yeast. Elghteen different
species and eleven different strains were used. They
found that different species of yeast similarly
cultured, may differ enormously in ergosterol content.

Saccharomyces logos contained but a trace, while

Saccharomyces carlsbergensis yielded 2.0 per cent.

Different strains of one species, Saccharomyces

cerevisiae, ranged from 0.2 to 1.4 per cent. They

Observed that runs giving heavier yields of yeast
also showed a higher percentage of ergosterol. The
fact that aeration during cultivation greatly
influences the yleld may have some bearing on the
ergosterol content. Previously, the difference in
the cultural conditions had been used in explaining
the variation in ergosterol content, however these
workers found that different yeasts have different

capacities for the production of ergosterol. These



capacities may vary favorably or unfavorably
according to the cultural conditions.

In view of the fact that Bills et al, found
that the ergosterol content could be increased or
repressed by manipulating the conditions under
which the organisms were grown and also in the
light of the recent work of Fabian and McCullough
(1934) on dissociation in yeasts, it was suggested
that there might be considerable variation in the
vitamin content of the different dissociated forms
of the same yeast.

Since this work hes been completed, one of
Dr. Fabian's students, L. J. Wickerham, has found
that one of the distinguishing characteristics of
the R form of all yeasts studied so far is the
presence of highly fefractile bodies which he has

demonstrated to be fat glabules.

DESCRIPTION OF CULTURES UGED

The cultures used were: Saccharomyces cerevisiae

Hansen, Saaz strain, American type culture No. 2352,
an industrial beer yeast, producing a bottom alcoholic
fermentation. No scum is produced off beer wort. The
temperature limits for budding in beer wort are from
3° to 40°C. The cells are spherical and produce from
two to four ascospores. Agar slant cultures have a

smooth, white glistening appearance. For morphological



and cultural cheructeristic
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firmres 3 and 4.

Sacelfromrcas ceravisise Saaz roush (). This

form was vroduced bv Fablan and lcCullough (1934)

by converting single cell isoletions of the norwmal

S form by means of chemicals such as 1lithium chloride
and brilliant green added to suiteble media and

also by vhysical Influencoc such as desiccation and
by uonornul‘temperutures. The R form procuces.
rugose, dull, wrinkled colonies with filamentous
prcjections extendins from ons to two mne from the

colonial nusse.e The cells are elongnted averaglag

ct

14 to 20 micrones in lensth. Hirhly refractile hodiles

were onserved in the v cells £nd tests with Suden 3
and osmic wcid showsd trem to be fat. Tlowever, =n

extensive analysis hes not vet be3n made. CSee fisuars

J
v

Se

a . : .
Sacchiromvees ellipsolcdus Yancen 1s a ysast

prodncinz: a bottoir fzrrentation. In teer wort either
round or =2llivticul cz2lls ure -roduced. The temmer-
doqqn 2. - Fal PRI SN PN 3 . e 0
ature linits for baddéing in noer wort ers from 0.5
0. - o . . -
to 40 C. Scua formmtion mur ocerr on liguid wmedia.
The cells 1w th2 ccewt rnay be preatly elonmitsed.

b I

secosore forawticn occurs; the ~eci  ra noanlly
a1a2ll «nd ellipsoidal and enclose fron one to four
ascosnores. Ager slant culturscs z».ear dull, white

and often slightl: wrinkled.



CUTLTIVATION

It 1s a rather simnle task to grow small
amounts of yeast 1n the liborutory, hut when
largor guuntitiszs are needed the nrovblen becomes
nore ailricult :nd connercicl matiicds mist he
adapted to a lelor..tory scale in ¢o for «n -ossihle.

Maron-h fia conrhasr of o coorcinl voucet
producer a formiala for & culture madiuwa o»d so-¢
elnfail irstructions ore o tuinnd,  The forwula
regcoryendac for the eciwt es ws follovis:
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This aaterial wes cilut=2d with tan water to five
brix viich is equivulant to five mer cent sucrose
by welghte The acidity was cajustea to pH 5.0.

A8 alternutives, three rerts of armonium sulfate

may be used in nluce of urea, Hhmt this necessitstes

conciderabhls nore naoutralizinge. Aqua armonia may
also be usea by ediing 1t each Tour and aajusting

ths acliditve Howsver, urea 1s recomnended as it
pglves the least ftrouble, Other formulae were used
but the above guve nood ylelds und rroved very
satisfuctory in wll otrer rasmects.

APPLRATTTS

To insure grectoer Toids, it was nocessery to

w

asrute tie growing yeast. Therefore ar avicratus had
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to be conctractoed this —urvose. An eiskt liter

Jicde=qmouta bottle w. ¢ chosan for tha rocentoclae,.

-~

Tae aczrating devise consisted of first;- a tHen inch
cotton filter viilch filtored the uir from tre
comraered eir 14 rne rencarins it starile Tre
filtzr vies fwwde By nacCking cotton inho & myrex

tube one iucihi in diaueﬁev by ten inches long.
Oune-neled rahiher shovars, wikh % inch tubing
inserted, wers fitted irto cuch end. (See Fize B)

The filtar woes sterilizad for 30 minmtes ot 15 1lle.

tte clocel 2nd ot risht wnsles to e ¢k ohhon, T non

leaving trhem whout T inches long.

To these rrojictions ware cttuched * inch ~vyrex

jets two inches in length containing smell holes

on the uorzr sice. Tie Jets ware connected with

gun ruvber tubing which mede them flexible enouch

to ne placed into the bottle throush the four inch

mouthe Thnis vurt of thie apnaratus wes uced to

bun®hle slr ur throush the medium. It wes sterilized

by autoclaving for 30 minutes at 15 1lhs. pressure.
An incub=xtor wes constructed to accomodate the

apruratuse. This wes resulated to muintaln a temnar-

o)
ature of 30 C.



UV O SIInoTT YELSY

The madium wi:s »repsred according to thre
formula given oreviouslve TUsually from 500 to €00
grams of molasses wuas mede un at one timne vielding
from six tn ten liters of liguid. The acidity was
adjusted with sulfuric acid to slichtly h=low the
desired »nH to vrevent the nrecinitution of »hosnhstes
during the sterilizetlon rrorcess. Sulfuric acid
wis useG in order tict rlfiataes misht ha sur- 1iad
59 tre maediume T meterial vies »laced in two
litaer flasks and sutoclived ot 12 1lts. nressure
for 50 minutes. The reasction wus readjusted to
nii 5 just bafore it wes used. All vll determinstions
were nsde electouetricully withh a quinhrdrone
electrode.

The hottle wus sterilizasd chemicslly with

4]

cleanins solution, rinsed with hot wuter and with

the aerating device inserted, was nlaced in a steunmer
and heated. The hot mediwn wes rnoured into the
bottle filling it sbout F. This was sgain heated

to nake sure that the bottle and contents viere
sterile. After cooling, the bottle wegs inoculated
with amont 100 cc. of yeust culture grown in

molasses ncaiuwa for tro or three dsvs or until a

good prowth was —roduced. Eachr inoculum was prenared
by washing a 24 hour growth from an agar slant into

100 cc. of molasses medium. Before transfering into

[00]



the bottle, howaver, each lnoculum was examined ricro-
sconicallr for freedom rrom becterial contamination.
A few drons of corn oil w:s auded to nrevent foaming.
The aerating device was connected end sir was wllowed
to bubble moderately throuch the liquid. The temner-
ature was kept between 28° and 30°C. Although the
directions called for & vll determination &t hourly
Intervals, 1t was found unnecessary from experlience
because no cnange was observed. Accordingly the
pi was adjusted to the »nrover noint at the bteginning
and checked st the close of each run.
HARVESTING AND DRVING

When a suffilclent amount of yeast wes produced
which was indicated by the turbidity of the mediun,
the air was turned off and the veast was allowed to
settle for several hours. At the end of this neriod
the yeast huad comnletely settled out leaving a
clear sunernstant liaquid which could be easily svnhored
off. The remaining liguid wus removed by plecing
the nuterlal in centrifusze bottles ard centrifusing.
The veust was wasired twice with nhvsiolocical salt
solution and reuoved by centrifiiinc. Refore
harvestinm, the recert wus @«sd41ln examined micro-
scopiceily for Hecterial contaminstion. All con-
taminated yicl®s were discarded.

The yeest was vlaced In uan evanorcting dish
in which it was dried &«t 3700. Trhis was sccomnlished

in about 24 hours. The dricd vesst wae ground in

a hand will enc finsllv Iin a ball mill which

O



vuliverized it to a fine vpowder.

One hundred or more grams of each kind was
necessary for the vitamin assavs,

GROMING OF O3 ViE.LST

An attempt was mace to grow rough veast in the
same manner as thg smooth, but so much difficulty
was exverlenced that the method had to be discarded.
The roush type of yeast grows on the surface, where
as the smooth tyoe grows near the bottom. 1In aerating
thie rough forms a foam was »nroduced which could not
be creckad nermanently with corn oil as was cone
in gpowing the swooth. This foam kept rising
until it nushed the cort from the bottle and ran
over tne side.

The roughs were, howevar, sucessfully growm
In two liter flasus containing from one to one and
one-half inchies of molasses mediwurn. Thé flasks
were inocul: ted, shuken occasionally and allovied
to grow for two or three davs or 'mntil sufficient
growth was obtalned. Then the contents of all the
flasks was rvoured into one end allowed to settle.
Some of the yeast remained on to»n so that not as
clear a separation could be mede by synhoning as
wes obtained with the smooth. Therefore, more of the
yeast had to be separated by centifusineg. In gll
other detalls the vnrocess of huarvesting and drylneg

was the same as for the S form previouslyv described.



ASSAYS FOR VITAMIN B COMPLEX
The purpose of this investigation was to
make a comparison of the vitamin B complex in

the S and R forms of Saccharomyces cérevisiae,

Hansen, Saaz strain with that found in other
specles of yeast. For this purpose, they were

compared with Saccharomyces ellipsoldus S and a

commercial dried yeast.

The method, in brief, involves feeding young
healthy rats a diet complete in all wvitamins
except the 6nes to be studied. The material to
be tested supplements the diet and is evaluated
according to its ability to induce certailn rates
of growth in the animal., Since both vitamins ﬁ
and G are required for growth, rats confined to
a diet lacking of either vitamin in a short time
start losing weight, but when the deficient diets
are supplemented with materials containing these
vitamins, the rats respond by gaining weight in
proportion to the amount of vitamin given. The
change in weight of the experimental animal 1s
therefore taken as the chief criterion for the

measurement of vitamin potency.

Rats weighing from 80 to 70 grams were selected

for the assay. Great care was taken in choosing
animals that were uniform in weight, as this 1s a

very important factor in the animal's response

11



toward various amownts of vitamin B courlex.
The animils were fed a basal ration essentlally
sialiluar to that devised by DBasrnett Sure (1933)
wnich follows:

Purified cascineeeeeeeeeees. 20

A,’;&I‘ &}:ar-.oonoco.oooooo.o-o 2

"aCollums salt #18b5ceeecaces 4

Filtered buttereececesceseses 10

Dextrinecsesecsecsccccceceecoss 64

T0O

A modification of Steenbock'!s sult #42 wus used
in nlace of ‘eColliums salt ;'185.

£8 some vitemin B corrlex is stored in the
bodles of tne rats, 1t wus necessarv to denlcte
the animels of these vitunins before sturting the
assave. Tnls wes wccomzlished by fe ding the busul
rution unsupnlenented. The vo'nt of devletion was
recognized when the animals feiled to gain weight.
This reculred from two to three wceeks. 4t the end
of thils »ecrino, tre anincls were nlaced in
individual ceces with raised screen bottoms. Litter
mates were used on corresnonding levels of the
R and S forms, but due to some irrepulirities in
some of trne Litters, tnis mlun could not be
followed tihiroughout the exveriment. Various
samples of yvecst were supnlcmented iIn the diet.
A week's suprly was given at one time. The yeast
wes put In an eurthenware cup, mixed with a little
basal ration and rleced in the cage. Tne cup
containing the basal rution was not removed. nis

was kept well filled, so that the snimels could



evt from this at will. Some animals from each
groun weres selected for controls. Thev recelved
the basal ration onlve. The animals were weljyhed
once a week on the cday tihat thev received their
supply of yeast.

A oreliminary exneriment was run on Sasz R
to deterinine what levels to feed the veast. The
levels selected nroved to be correct hut as tlhere
was such a wide variation in the rats, it was
thoucht advisable to discontinue this series end
selact a more uniform rrouo of animals. (See
table 1) The animals chosen »roved to be verv

satisfuctorv,

DISCTIISSINN
As the vitamin B unit, defined bv (Sherman),
1s given in terms of a daily cdose, all levels of
yesct fed were listed as grams mer dayv, althoush
it was actuully admiristered in the form of a
week's sunnlv. For S&xz R and S, the levels of
0.25, 050 and 0.75 grams nrer dayv were found to be

in the correct range. This also served for Sacch.

3llipsoidus but with tne commercial dried yeast,

lower levels were necessary. Levels were chosen
that were multiples of each otiher, in order to
simplify calculations. Thus the levels were

0.0833, 0.1667 and 0.25 grams ner cay.

2



By inspection of the tables the rasults can
be reedily visvalized. In tatle 1 a com-oarilson
of tnie vitamin B comrlex in Saaz R &nd S was nade.
Some irrceguluarities were noted among the data, but
thev seem to e nminor and most of them can be
accounted for. 1In the casc of the 0.50 and 0.75
gram levels of Saaz S, one unitel on esch refused
to eat trne veast in the &lloted time, however, the
animals {inally hecame accustomed to it. Upon close
observation of te:le 1 and 4, 1t can be easlly seen
that there 1s vnractically no difference hetween
the Saaz R and S, however, the datu seems to indicate
1
the Saaz S to he slicshtly r1ore rnotent. The difference
however 1s not great enough to be significant and
could easily be in the range of exverimentul error.
In tacles2 cnd 3 a comvwerison of the vitemin
B comvlex was mede with a comiaercilacl dried veast

(orthwestern brand) and Saacharomyces ellipsoidus.

In the case of the commercial yeast, the levels
were considerubly lower. The 0.0833 gram level
gave uas good & grovth as the 0.25 grum level of

Saaz R and S and much better tran the Saccharomvecss

ellirsoidns S,. This i1ndicates thet th:e commercilal

dried veast hus a notency thres times greater than
Saaz R and S. It &also iacicetes that 1ts rotency

is greater tlhian Sacchuromyvces ellivsoidus. The

tests snecw thut tice R and S tyrnes of Saccharomvcees

14



cerevisiae are slightly more potent than Saccharomyces

ellipsoidus.

When the tests were completed, the animals on
the lower levels, at which they did not gain very
readily, or were losing weight, were fed 0.25 grams
per day of the Northwestern brand of dried yeast
to determine if they had lost the ability to respond
to the vitamin B complex. All of the animals gained
from 10 to 20 grams per week. This indicated that
the rats were normal in their response to the
vitamin B complex, and their falilure to grow was
due entirely to a low content of this factor in
the yeasts fed during the first part of the

experimental period.

15



ST.OLAY A0 COUCLISION
AS thie result of trese exnerinents, the
following obrervations scew warranted;
1. There is no significant differencs in the
vitauln B conrvlex coute t of the S and R fornm

of Saccrarocts coerevisioe Liansen, Samsz strain,

2. The cormnrcisl dried wezst contuined anrreclahly
more of tre vite1in B comrlex than the S and R

forms c¢f Sacchuromscss cerevisiae and Saccharomyces

ellinsoiduas & form.

3¢ T oo Cer dr wnlel the various veuwsts arronged
tremselves in thalr ~n~tency of the vitovin B

complex, 1s as follows: Sacch. elli-sclidus, tie

lsest notent; Sacch. cerevisiue, Saaz R and S

forms tie next most potent; Commercial form of

dried yeact tr ozt rote of ¢ll.

L
Cr

M



TABLE I

Comparison of the Vitamin B Gomplex of R and S Forms

Saccharomyces cerevisiae Hansen, Saaz as Shown by

Growth Records of White Rats.

»~

Saccharomyces cerevisiae

Saaz R

Rat Gms.Yst Initial
No. per day weight

1st 2nd 3rd 4th ©5th .
Roek week week week week Gain per wk.

Total Av.Galn

2 0.25¢g 95¢g 93g 9bgi# o 0o

4 0.50 98 108 118 # 20 10

6 0.75 79 87 95 # 16 8

10 0.25 91 » 89 83 # -8 -4

13 0.50 75 78 75 # 0] 0

11 0.75 94 104 116 # 22‘ 11

3 0 91 86 79 died =12 -6 .
9 O 82" 72 54 dled -26 =13

15  0.25 72 79 83 84 81 &5 13 2.6
18 0.50 67 75 78 7 79 - 12 3.0
21 0.25 61 68 71 73 72 - 11 2.756
22  0.50 60 717776 79 = 19 4.75

Saccharomyces cerevisiae Saaz S

18 0.25 70 71 79 77 80 87 17 3.4
19 0.50 72 74 92 102 106 11=2 40 8.0 *
20 0.75 73 90 109' 121 130 141 68 . 13.6
24 0.2 59 63 70 70 70 70 11 2.2
25#% 0,50 61 61 65 65 72 77 16 32
26%#% 0,75 56 60 66 70 80 83 27 5.4

* Animals were discontinued because they were not uniform.

## Animals did not eat all of iheir Yeast supply in a week.



TABLE II

‘the Vitamin B bomplex in the Commercial Dried

Yeast as Shown by @rowth Records of White Rats.

Commercial Dried Yeast (Northwestern Brand)

Rat Gms.Yst Initial 1st 2nd 3rd 4th 5th

No. per day weight week week week week week

Total Av.Gain
Gain per wk.

85g 91g 98g 108g 1llhg  47g 9.4¢

27 0.25g e8g
31 0.50 82 90 100 ® 18 9.0
33 0.75 80 102 123 ® 43  21.5
34  0.25 76 94 103 107 127 142 66  13.2
35  0.50 67 87 98 # 21 15.5
38  0.75 72 100 117 # 45 22,5
28 0 84 77 66 died -18  -9.0
36 0 83 78 66 died -17  -8.5
40 0.0833 63 64 70 73 75 78 15 3.0
41 0.1667 67 70 78 90 93 110 43 8.6
43 0.0833 81 78 87 88 89 94 13 2.6
44 0.1667 65 70 82 90 95 100 35 7.0

# Animals were discontinued because the

levels were too high.



13

TABLE III

The Vitamin B Oomplex Content of Saccharomyces

ellipsoidus as Shown by Growth Records of White Rats

Saccharomyces ellipsoidus Hansen S

Rat Gms.¥st Initial 1st 2nd 3rd 4th 65th Total Av.Gain
No. per day welight week week week week week Gain per wk.

39 0 59g 45 died =14g =14.0g
45 0.25 64 60 &7 61 88 61 -3 =0.6
46 0.50 50 68 65 73 80 80 30 6.0
47 0.0833 73 60 55 855 (87) (77)(82)

48 0.25 77 72 73 72 74 77 0 0]

49 0.50 61 67 74 82 100 103 42 8.4
50 0.0823 62 57 87 57 (73) (90)(98)

() 0.25 grams of the Northwestern was given per day in

place of the one indicated.



TABLE 1V

SUMMARY OF DATA

Showing the Daily Yeast Consumption and the Average

Weekly Gains of Each Series of Rats Fed

on the Different Types of Yeast

Yoast

Gms. Yeast Average gain
per day per weak

Saoﬁh. cerevisiae d.25gms. 2.87gms.
Hansen, Saaz R 0.50 3.87
' 0.75 9.50
Sacch. cerevisiae 0.25 2.80
Hansen, Saaz S 0.50 5.60
0.75 9.50
S8acch. ellipsoidus 0.25 =-¢30
Hansen S 0.50 7 .20
Commercial Dried Yeast 0.0833 2.80
(Northwestern Brand) 0.1687 7.80
0.25 11.30
0.50 12.10
0.75 22.00
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Fig. 1
Photomicrograph

of S. cerevisiae

Hansen, Saaz showing
typical S forms of
the yeast.

( 360x )

Fig. 2
Photograph of a
typical S colony

of §. cerevisiae

Hansen, Saaz.

( 8.5x )







Fig. 3
Photomicrograph

of S. cerevisiae

Hansen, Saaz showing
typical R forms of
the yeast.

( 360x )

Fig. 4

Photograph of a
typical R colony

of S. cerevisisas,

Hansen, Saaz.

( 13z )




rlg. & Schenmutic drewlir shiowing wrnraratus nead tn Trow
lurgs quentities of veast.
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