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Th ffeot of the · oteri 1 lor on 

t Biologic l Te t for itamine B 

it t e f ct th t th i t ce of 

v1t in h b en reoo n1zed for consider ble 

riod o ti-e and 1,t an enormous ount of 

x riment work b n re orted 1n pr ctio lly 

· very oc1 nt 1 ic j u·rn , there h not en 

oun , to d t , 1 gl :O 1zed qu · 1t t1v or 

antit tiv test or th·ir uresenoe . The biolo i

t rem 1n tod y, a it • in the beginning. 

th only otho ft-sting for th e ubst nc s . 

ntil the chemist ts Aucc sful in his nd vors 

to ieol t nd 

co1t1nu th u 

i f ctoey 

Trough t 

v1t 1ne, we ust 

thi n thod, low nd un

t 1 • 

fincU of t enbock, 11 d 

l l n (1) oonsidere.ble discredit h aoorued 

even o th biol gi l te s . il e udying 

h vi 1ne lev,1 o r tion, these inv t1 -

tor fund, 1923, b tr t r rd in th usu l 

l or tory nn r geew d d v lo d nor lly 

h n f don c rt in st nd r synthetic r t1on, 

1 
\ 

\ 
\ 



but w n l oed u on or ene s they did not h v 

cc es to th 1r f ces> d hen 1v n the e 

r ion~ th y fail to gr w. ho to b 

du to def1ci noy n v1 t in l , for hen t i 

ub t c ded to th 1r r tion , thy gr 

d norm ly. hi e henomenon h d 

been ob rved . d orted by .end l an o born 

(8) in 1911• but thy de no tte t to l in 

it . 

Ho inv et1g tors s em to Que tion the i m

rt o of th1 di oov ry, b t ther 1 no doubt 

th t th ro th ourv sin th eerly tnge of 

f din · aom wh t influenced when th ani m ls 

r allo ed co to th ir fecee . The que t1on 

e t th mcelv : fir t, :1 the b tter 

.rowth o tier t th th ve coe to t heir foe 

rod o d by t v1t in hioh s ed through 

the boai ot th snim l only rtially utilized? 

Seoon, 1 t v1t ine o t lytio b ta.nee t t 

i not d etroye by th prooes of die t1on d 

1 1t th refore o bl of producing it b n fici 

eff ot t1 fter tim h1rd, y it be th t th 



b oter1 hloh row in th inte tinal trot of the 

animals ynt e ize vitamin B .d tore it ith1n 

th r n odieo? 1 · l tte th~ory 1a orthy of 

ion, it ht1s been d ,onstr t ,d by 

num r 'lm lnvestig tors t t cert .in r1ioroo1ran! ms 

h,v t e c.biJ.:tty o synth 1.ze vit mi ne when 

~r upon 1edi .nown to be re fro ti con-

tttuent . on (3). 1n h s ork 1th th oid-

f t b ote 1 -a d~.o st. t d t, ct three mbors 

oft.is t ily re of y th i zing 

vit ine B: n 

B. ~o 11 ri . 

ly, B. 1 othy, • emgm tis, and 

e . e inv stig tor (4) ,roved 

lno th?.t uooi org~nis, Pf 1ff r's bacillus, 

could synthesize ,nd stor vitamin B, orti r 

(5) rt hat itoohondi , Whioh b al o o l 

ymbiote , x in r ly b otor1 ad te to th,c; cell 

contents nd r cap ble of aynti sizing it mine 

o . l',elson, 'ul er, and Cessirt ( 6) h v demonstr t d 

the s rye a. On th other h,nd, n. on (7) 

e on o th t • ...oli, • n ~ typhom.i , 

dB. ubtili di not roduoe vit in B. e 

o roved t he for the pore-b rin rob1o 



ors is , • OM 1·en , nd t A ,uc id org ·n , 
ie l der• b1>oillu. 

In n ttem. t to tr in t i ct connect d 

1t tn thir theory ention~d bov .nc to study 

the oLn i hob ct ... ri 1 flor f the 1nteotin ,l 

tr ct• the .f'oll.o~·i ndert n . 

ni ls 

w r 

r x1m t ly f'ifty "rEt s 

frr,,m c r fully reared too r for 

t e x· r1 nt • In n !fort too_. et ny 

lit er indi vid.unli t1 the rat ere d1v1cled o 

b t .oh c . used or comp r tive ur o a 

c 1t in one n1m l ro hes me 11t r . ix 

grou~ were uoed in the 1n1ti ex erim nt . Ong s 

nuntbe 0 1 Tr.o, nd thre wer round ire o gc • 

fourteen. inches in air. t r, oe over tin bottomR 

of th 1e · 1z • C ge nun:b r£.d o\J.r • r1v nd • 
<:;ix w r the nm ty but w r fitte . with botto 

of h r· :r C oth of one-fourt inch mesh . hi· 

bott 

t. tin botto th ·f) • e mi tting th. f c t f 11 

rough i tot ti low, so th ni 1 

/ 
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no aces to them. 

h b io vitan:1n - fr er tion used .or l 

f t e d tcrm1nat1o $ ae eo osed. f tt e 

oll 1n • • 

l xtrin 76 . 3 
C ... sein 15 . 0% 
Butt r fat 5 . 0· 
c; l t .,1 ture s . oc1c1" 

,:+:rin u •d 1 th~ ar tlo t th 13-C;: 

.,. ar ~ii b hyd.r 1 i t :rc.i t 

on, o rcent or oitric aid for thr e hour unde 

rep r& · in ,e 1 • o to , by rnod1fic t on f 

t.. Van Sly met · )( (8): u· e. sre t, £, t-:f.'?e 

'it ed ~ th 

ic sti.rri:r"' e ice~ xtur, composed 

o ... o e pn.l't hydroe:: l :. ic old to t r a etio 

ci 

i trod o d into t 

ne ti f th tube c ryir t e oid boin• o 

1·un ed th t it ··, s close to t o .1ec nic l 

11· ·or Jld 1 -:c the bo tom f th V"'ss· 1 c n in-

ilk. ntxoduced i n this w 1 , th 

n t ro uo curd er fir too e 1n 



with th ilk. T . i.d s run in ly 

until 60 oc -r liter 1 ba n tntr duoed. e 

ixture then ello d to t n thre houre 1th 

ntl tirri , h n bout 20 co or f h o1 

w re dde 

ra idly. 

1le th mixt r .s being t1rred 

e tl at as then lied to r 

th curd .or f1r and thus t .o f eilit te the 

e r tio of t·1 f o., thfl hey . c ,, r J fl?d 

n. th n :) ured o t on chee eclot_ streto d 

o en, w lo~ to dr in o' r ni t . 

llo orni o; t on ein n nrnctioally 

free rot ny excess 11kt sh d .. ith . ietill d 

in j r, ~~, eov r w th tr con-

tin sm 11 otmt of acetic cid.; t ie , ter 

l d y fr r f six e 

in r 0 remove he ~tA n vit inc -l"h 

i s th n ~ G ed wit di till{...d . pter, 

dried, 

ll lr 

groun read ," ,I. :r 18 • 1h utt .r a.Et 

tor mov h 

~ture 

new: n.~ -i .r thro ""h ~ hot funnel. 

ter nd e lta resent. 

c ollum'. number 185 (0) . 

h alt 
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o n mals, 

on shavings in c e l!o . l • Tl ey e fJ f ., th ci 

Y~ ct in lac oi 

} fe· le 

ch. T 1e ni , e !.n ca • ~ 1 o • 2 re up ,lied with 

In oaga ~o . 3 t ey re 

giv .no -~h Vin::, ut 0 E µl o.d on p·ns ec t _1 1, 

h d sOC es I_) tkl1::ir f(oe • Th~ animal iri c,g~.s 

··c . 4 ?ro . 0 rud - 0 . 0 . er i.)l, .. oed on wir sor en 

'O 'h y: ! ..... d. l'l.O ..._ cc s t th,.J.1• oe, • .11 wer,, 

'P 1 ced in · e L. ag3 s a 

rovgh tho e in ceg 

th pl .o t , :r v.., p0 .· ut 

be ~ :r mov, • 

The o in 1 ... were 

curv . lott d . y io 1 curve r 

ooo any1ng ch s . 

on, thos 

urea f 

·, to t e 

.. iich h d 

bund. 

hon by h 

,, 















0 rt I ho t ourv of animal 11 d 

12, from oag o . 1. those h ving the b io ration 

u le ent d by five ercent of y a t . Th se 

curve r norm l in every w y, n show th tout-

id th v1t in content. th1 r t1on 1 entir ly 

d qu te fr ro th . Ch t II r :re ent th 

1 s from o g o . 2, which we:r fed th b s1o 

r t1on and b ded 1th h v1ng h rt III ho 

t gro th of th im inc e to . 3, h1ch 

w e plod on n it out h v1ng . Ch t VII 

ho th curve of th 

h1ch r, r 

to their feces . Ch·rt V 

ow th ourv s of h an1 

in o e Uo . 4, 

oh d no co s 

VI re eotiv ly, 

lo do eoreens 

1th a.co t limit d u ply of h ving, nd 

of those h vin iv eroent of gar- add d 

ount of to 1r did in 1 o of i 11 

dex r1n. An ins otion of th e curve how th t 

growth ce se nd d th overt ke th animal 

uch soon r h n they do not h v oo a to their 

oe . Thi 1 hon 1n eo ring the curv of 

1 31, 3a, 33, and 34 1n ch t III 1 h th 

8 
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olid curve of im 41, 42, 43, 44, 45, 46, 

and 47 in oh rt VII . Te nim l sho non oh rt 

III t t h d. ocees to th 1r £ oe liv d uoh 

lone· eriod. They grew for r ctically th 

s e eriod f ti • but their decli ore 

g:r du 1. 'h nth yr c o1n little bov 

th 1r original e1 t, they e •ed to re oh 

l v l t which they w re bl tom int n their 

ight pr otlo lly con t t for sever l ck , 

e way tt1ey u t h ve peen 

g inin limit d eu· ly of th n oe se.ry v1t in 

d ring or ion f th ti • ft r th anim 

in C e o. 4 did, a.n1m l r l O d 

in he c e d fed the r t1on under th 

me oon ition , ·1th t e result th t t o f the 

d during the V nth " , t Whioh ti e the 

f o ro this o e hioh d been collected 

d dried o r v n b .ot ri l action, wer gr und 

nd dded to th r tion . It w found th t hen 

thi t 111 ma e about twenty ercent of th 1r 

r tion, the o remaining n1 le gr w nd d velo d 

r idly shown 1n the dott d xten 1ons to th 



ourv 0 n1 ;l 44 d 45 t ch rt II . It 1 

n tice bl thon h t V ral f a oro mu b 

cone rn d in the oune , in 

0 o. 5th th d ven ouro of 

r u h e. far d b tter th ile 

th addition of iv eroent of g - o.r ro uc 

curve om ht diff r nt fro to fo th r ts 

1n any o to , r o es. They not only ~ e 

otter rowth but lso ile to d ol1n ra. 1dly 

th s ~h t did n hnv,., the r. ~hi 

Ol! : either th t other .e ora 

re 1nvolv db ide the en fit froo e ting h 

fee , or th t th ~ r- gr cont 1n tr c of 

r er • L r ount oft e vit in 

xtr ot 1 t bo ling cohol nnd th lcohol1o 

tr ct d d to th r tion. .!o b nefici 1 result 

obt ind~ tbu indic 

bul. 1n th 1nte tin 1 tr ct 

incre. d 

s 'o nefici 1 to 

the ni • 

In n ffort d te in th aff ct oft 

r tion on th ot ri 1 flor of th int ti 1 

r ct oi he r t to find, if 1bl, heth r 

or not ny or ani ms er pr sent hioh might ot 



nyth 1~ r o vit 1ne B, t e following 

c r1 o,t; .t nd o th first 

,,ee'· o the xp :r1. ent c t o i . als 1n 

Oi c ere ooll oted dir. ctl rm th im l, 

unde t,r11 con 1tion. Thi m,teriAl. e 

- ighed nd tr to ter1le ater bl nk, 

nd 1-10 CO w r • 

Ii d11 ion o 1-100, 1- lOO0t 

1 .t were ~oured using 

on oo r· • l co of oh d1l ti.on . h sewer 

inoub te for ~o e· of the 

or i l dilution ro. oh l wa .l c d 1n 

t •· f e t t1on tub... cont 1nin,. 1 oto 'brot 

to t rrri , d1r otly if any b o th int 

ti 1 ro er,~ eaent . T fo m tion of s 

in ch c 1.nd1c .t d tl e r scnoe of tb.1 group. 

ft r 1 cub 1 g f ty-eirh hour, th eolonie 

t r stud ad cou tod, th com r -

tive nu r of t~e vari u ty of org r 

f feo e1 ~!'I' t u deter ine • ..h ol.on1 

we then tr n ferr d to r r lo e d 110 d 

to incub t forty- 1 t hour. t th nd of this 

11 



period th o ltur er~ ount d to dete mine 

th ir or hology . Gr ' st in, 1 in dron, 

n ugc.r me 1 wer · u ed aid in ideutific -

tion. oh week th _ e m le were collocte nd 

ud1 d s deacx-1b d bov. h oo pr tiv 

th or isms in thous de er gr 

of th 1 r own on th follo 1 · oh rt: 

h iv. r th v r 

ro ti ion ft nt . 

1gur s for o gee to . l 

thy h d nob rin n 

d ? o . en t sho 

finding . No 

f1 ur for • o. 4 are 

venth .e k, a it r he 

fr th 

h d did 

f 

b for th t tie or th r tion h d been h ged. 

n tempt b n .d to e t bli h 

r l tion etw en the xowth curves t e v riou 

lot and t e r v l nc 

dly there r sever l f 

cage o. 2 nd o . 3 h 

but it be n found t 

n t well, 

their feces tho 

rough: g h r to b 

oft bot .r1 . U doubt

tor involv d. oth 

ooee to th ir feo,s, 

t those av1ng aoo 

o n t cone y f 

1thout th b ving . Th 

eom wh t beneficial, s 

12 



eek C e ,. o . 2 0 , 
J !o. 3 Ca e o . 4 C e ·o • s 

-por -bearers 77 1.10 15 19 
irst 

Jon-- ore-bearers 79 2,535 27 767 

or -bear•~s - - - -
ird 

on- ?Ore-bearers 333 6,871 49 456 

.ore-bearers - - - -
i th 

-on-spore- a ror 600 10>500 1,575 638 

~pore-bearer - - - -
Seve 1th 

n-apore-b ar re 800 22,000 ·- 1,360 

hart 'hawing ·t ousands of or c.nie, per r 1 of teoe • 



1 w a · 

With 00 

1n the c. of thos fed on or en 

to h v1n.gs. In both o e • 

and • 3th n ber of s ore-b ;r1n · org nism 

w s far in xce a of the number found in th o 

here th niruals were ton or ens . In the 

,... emnnrt ro. h curve di sho th drop 

found in t e o of the an1 r.1 ept on ac:reene. 

T r th1 1 thought to be th t th 

sore-be ring org ism r, ynthe 1z r of vitamine 

• Th :relong tio • o:f th gro th ourv . ro-

portion to the number of th sore-be ing org n-

isms. It 1 

oug ge in o 

so ro bl th t th effect of th 

f otor in the ro th ourv • 

h 1 al in c e o. 4 t d no ooe s o 

tho f ce show d th few r por - bearing org~1sm 

f O 8 t to~ under oh r c nditio e. 

Thi would 1nd1cat tn.t cee to th fee end d 

o incr e the number f s. or -b ring org ni 

int feo e. I 1 1 o not worthy th t tie numb r 

of or .-be r1n • 01· .ni s dro d very r .p1dly, 

l h vi d1 p rd y th olbse of the bird 

. . . . 

~. . . 
• 0 • • • : . : • . 

!! • • • ... 

•• • ,I • 

C. • • • • • •• . .. . . .... 
4 • • • • . . 

. . . . ·. . : .. . . .. . . . . . . 

13 



ek. Thi m ,y b 1 ined through th develop-

ent of autoly io .rod ota . l he n n- oore-b ring 

or7 ni m, in th. o . e of th- . ore-b a:r r • 

ere f o 1nd 1n r tt,.:r mmb r in o .g Uo . 3 wher 

t e nim. h d :1oc o to th il" f o , ; n in much 

sm ller numb r 1n cage o . 4 h re th anim 1 

- r o sor e , • The or,., .ni m in , ll o ses, .... xaept 

inc e io. 3, dec:rea ed 1 umb rs during t h,.. t hird 

~ek. In eag N . 3 they h 1ncre sed r ~tly . 

Thi. incr ase a not1ced in a.11 t he o e ft r 

th fi ·t eek, n no rob,bly du to the 

gr· tcr cone ntr t1on of h , f c hiob 

eau - by t he lo~ of p tite n t part o th 

e.nim ls on the v t .. n.1 ,e- r · , ation. 

rom urvey of the liter t e previously 

n.entionad it w four t . tb B. coli roup 

doe not ynthe~i vito. 1n. B, o 1 erne 

~ vi~ bl o t dy t e • ore- be •. ring or~ n s • 

An ttenmt ,.. m .de o gro, tbe or m is n · on 

itamin tree medi ., to secure u nti ty suffiei nt 

to d to th vit ne- fr e ~tin nd thus deter-

1 



mine wh t -r or not they syn hesi~ a.nd store 

ure oul t · es of 'thes or "anis . 

wAr. obt ind by di eot trcnef r. 1ea 

or ni~m were 1nocul ted i to cultural edia 

comp~ d of th fo 10 ing: 

B., .f extr ct 
Difeo nepton 
, l?.011 
Glycer1ne 
Di.st i l e te 

0 . :3 gr . 
o.s " 
0 .1 " 
4 .. 5 tt 

l .o oo. 

D on( 3) in his ,. ork .1th the oid-£ t 

b ot. r d monstr ted his m di• 9 b re fro 

vit in B. tter bei~g •llo · to i cu te for 

a ~ilt red, w shed, nd thre 

ried . n pel'c ~nt of thin n. teri l d ed 

t he andard it . ln&-fre r t1on n fed to 

im s ht,h h d c eaed to gro on th b ic 

r tion. The ul ti ('Y' g ... o th tudied, 1d 

rv .1 tt don &art ~Ill . 

m tu yo thi on r it 111 seen 

ht hen the or ni m were add d to th ~.tion, 

they produced i or d gro t h , h01m by the 

dott d xt n 1ons tote gro h curve of anim ls 

15 





91 d ' • This indio es t Vit il i 

iz d by t e ,. or b1z ri " or e i hat 

occurred. int 1 t 1n l ·rot o the rr uring 

the e, .rly p xt ot t .. x ·ri ent . 

The .. x-p ri o.V n ep tel until 

th r e !'fl to b li.,tl t th t 1--

o:r:rel tin teen t c th is <>- vit in. 

y .,_ le . -,ore-p;i~oducin 1 ma 1d tt·· ext n 

h >erlod of t om cloe ex 

in tlon of r ts e r .ny · ype o..,. rttt1ons) b tb 

on o eena na on h vin · , t seem th t th 

tin re _u.t of the iolog cl te t rent 

if 

tr e 

under the two oonclitions. !owev r. 

to shaving and. feces ret rds th 

final. ul a y 1 • r 1 week and it would be 

unde 1:r bl to k co par i1ve d t bot en 

e.n1 ls f d under t o con it1ons . 

(1) xperiment 1 nir1al 

usual l bor tory condi t o 

pt under t~e 

o not r Qpon 8 

ed 

16 



quio ly to v taruino- r r ti.01.. s d tt o e 

given tue er t ona n pl c d up n or i.;;n . 

a) 'cc s £ d to a.n1 als t a. h v 

to gro on t ration .111 prcduce 

n c e erat u ro l . 

( 3) 'be snore- b· aring o:rg 1 ,m :rea t in 

t int t n 1 tr .ct ~ ur ng t o rly t).r·t of' th 

e eriment aynt esiz ·1'1 store vi ta:n.i.. a. 
4) Anim.la opt on pan& o . ey .. , v cce s 

to thalr feo 11 :ve gr ter n • tbcr of ,h s 

o ore-be rin· organiH a during thee rly ,rt of 

the ex r1 nt h ch oo aition 1 du. to th 

re-1 f"l'e tion o t e or pni ms. he cont:lnued 

gro h th- 11 ~1 is undoubtedly du to 

t ll c. dd t on l vi. t ..: 1ne h1oh h b en y th sized 

nd stored by the o s}o·e

(5) nimals g von 

b ter rm tl th3,11 t o e 

,, 1is i e oiaJ.ly tru. h n 

orated in th ration. 

·, o. g ll$ s. 

, n nome ;t'o;i'"!?l. ke 

it out t i1B mt ri l . 

1nonr-

17 



(6) :xtr. too t 

con 1tion 

n t n.'1 't1.u, l . 

The r1ter G. sir s to xp:z a t.ue.nke to V .o. 
Iller for ssist~nc in ~uggesti 1g the p tobler., 

an f r outlining d U'}ervisir ... the ork; to 

o. l . ·to :lroy o tne B· ott,;lriology De rtment for 

kindly au ~rvioin the b .,.cte:riolog c o. tion 

t h urlq to O. · • -J" i th or the her[ti st y 
-~ 

e > .ct ent d c • •• ·o' lroy of the Baotoriolo~~ 
.... 

Departm nt for supplying th :1 :t 1•ia.la for 

o rrytng on the t.:Xnerim ork; and Grae Cause 

i t · no 1 ·he r,Jutin bact •1·iolog-

ioal wor · • 

18 
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