
BIOCHIMICA ET BIOPHYSICA ACTA 211 

V I T A M I N  K I N  B A C T E R I A  

B O D I L  K R U S E  JACOBSEN ANI~ H E N R I K  DAM 

Deparfmenl o[ Biochemistry and Nutrition, Polytechnic Institute, Copentmge~ (Denmark) 

(Received August  I9th,  1959) 

SU2dMARY 

I. Bacterial strains of the species Bacillus cereus, Bacillus subtilis, Proteus vul- 
garis, Sarcina tiara, Staphylococcus aureus, Mycobacterium phlei, Pseudomonas sp., 
Azotobacter vinelandii and a Nocardia species have been investigated for type and 
quanti ty of vitamin K. 

2. By paper chromatography evidence has been obtained that  three different 
types of vitamin K are synthesized by the different strains. 

3. The quantity of vitamin K was estimated by biological test and by measuring 
tile ultraviolet absorption of lipid extracts after previous purification by  paper 
chromatography. 

4-Two types of vitamin K have been isolated in crystalline form, one from 
Bacillus cereus and one from Mycobacterium phlei. The ultraviolet and infrared spectra 
of these compounds are discussed. 

INTRODUCTION 

The discovery of new naphthoquinones in bacteria has been reported by various 
authors. ISLER et al. 1 announced the existence of two kinds of vitamin K s in putrefied 
fishmeal, one with a Ca0--side chain and another with a C35--side chain. The identity 
of the isolated compounds was verified by synthesis. SNOW s, NOLL a and BRODIE et al. 4 
studied the naphthoquinones of mycobacteria and have reported chemical differences 
of these quinones from vitamin K s. 

In the present study different bacteria are investigated regarding the quantity 
and type of vitamin K which they produce. 

EXPERIMENTAL 
Media 

The basal medium for most of the bacteria investigated had the following com- 
position: casein-peptone-hydrolysate with 1% of nitrogen, 400 ml; yeast autolysate 
with 1 %  of nitrogen, IOO iill; tap water, 500 ml; pH was adjusted to 7.0. For S. aureus 
this medium was used without any additions. For the strains of B. cereus, B. subtilis, 
Proteus vulgaris and Sarcina tiara 0.2 % of dextrose was added. For the Pseudomonas 
strain 6 and for the micrococcus strain 4 1.5 % of NaC1 was added, because these 
organisms were isolated from marine water. The Mycobacterium phlei was grown on 
a synthetic Dorset medium: dextrose, 1%;  glycerol, 3 %; asparagine, 1. 4 %; sodium 
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ci t rate ,  0.09 % ; ferric ci t rate ,  0.03 %; K2HPO4, o.zS %; MgSO4 - 7H :,O, o !  5 % ; phi  7. o 
AzotobacteJ" vi~zda**dii was grown on a synthet ic ,  t~il:rogen-free medium: ' :  dextrose,  
2 %" K 2HPO~, O.17 (~/o" MgSO4" THee,  0.02 o,.,o,. FeSO,. , • 7H,O,  o.oo5. %; vN( r;.r~ ~ ,~/,;j<[ovO~,: , ,  .... , . 
4H20,  o.oo05 %; CaC, le'6H,aO, o.o2 %; p H  7.5. Fo r  the  A:oca<di~ sp. was used a 
po ta to -dex t rose  med ium:  dextrose,  z o,.,.,,.,, oepto  ~ e ~  . ._ 0. 5 o/...,o ~,;~ a.~:,i: extr~.ei .. o.7. 0;:);. 

• , ~  " ¢ -  , ( - ,  > K2HPO,4, 0.2% KNO~, o.z % MgbO~'TH20, 0.2%; NaCI, 0.~ %; (~;~.-(-'a, 0.2 %; 
FeSO~.7H20 ,  t race;  boi led ex t rac t  of 20o g pota toes  per  liter.  

Growth of bacte~'ia a~,d pr@a,'alio~z of l¢/)id ex&acLs 

The bac te r ia  were grown in a l iquid medium :for , o - 2 o  days.  The ceils ,,',:ere 
ha rves t ed  by  centr i fugat ion and ther~ dr ied b y  ]yophJlization. The dJ 'y euJt:ure was 
ex t r ac t ed  overnight  with peroxide-free e t h e r - a b s o l u t e  alcohol (z: ;). The ~'×tract was 
e vapo ra t ed  in vacuum,  and the residue ob ta ined  was ex t rac ted  wkh  peroxide-free 
e ther ;  then  the e ther  was evapo ra t ed  and this residue, which contah?ed *I~: v i t amin  t< 
ac t iv i ty ,  was dissoh,ed to known volume in ~z-hexane and used fo~- paper  chromatog-  
raphy .  

Methods for s@aral, io~ a~d charac~e~,izatio~ el the K vitami~zs 

The v i tamins  K were charac te r ized  b y  the paper  chroma{ographic  method  of 
GREEN AND DA.~.I", using W h a t m a n  No. I impregna ted  with ].)ox~: Coming Silicone 
zio7.  The solvent  for paper  c h r o m a t o g r a p h y  was:  e t h a n o l - g l a c i a l  acetic a c i d - w a t e r  
(85o: 25 : z~5). In a few cases ~ - p r o p a n o l - g l a c i a l  acetic a c i d - w a t e r  (650::~,5:325) was 
used. As reference compounds  were used:  na tura l  v i tamin  l{~ (Merck & Co.): natm:al  
v i t amin  K 2 (side chain Q , j ;  syn the t ic  v i tami~ K~ (side chai~ C2.~ a~d C:;o). q-hose 
three  compounds  were k ind ly  suppl ied  b y  H o f f m a n n q m  Roche and Co., Ba;ie. 

Fo r  quan t i t a t i ve  es t imat ion of the K v i t amins  the spots  were e lu ted  from the 
paper  wi th  .,~-.hexane, arid the  u.v. spec t ra  from 23o to 360 >",t~, were recorded on 
a Beckman  Spec t rophoto lne te r  D K  2. The ¢z-hexane e]uale from a blar&, s t r ip  of the  
ch roma tog ram was us('d as a blank.  This procedure  irmurred no difficulties of the  
k ind  repor ted  b y  LESTER AND RAMASARS.~A 7 concerning pape:,: c]<romatography of 
ubiquinones.  Owing to too much absorpt ion  of the  e]uate, these inves t igators  were 
not  able to ob ta in  u.v. spect ra  of the eluates of the  chromatogram.< The discrepancy 
between, their  results  and  ours m a y  arise froI-n the nse of different I)ow (ornJng 
Silicones for impregna t ion  of the  paper .  

R E S U L T S  A N D  DISCUSSION 

Table  I shows the RF \ a lue s  for the reference compounds  (solvent:  ~ tha i lo i -g]ac ia]  
acetic a c i d - w a t e r  (850: 25:r25)) and the values of /Z~';~:~,~ at  24S m/,. The ex~inctio~ 
coefficients of the  three I,~z compounds  are those gh.'en b y  ISLER el ~l. ~-. 

Table  I I  shows the RF values of the  K--vitamins in the bacter ial  e:etracts and  
the ca lcula ted  q u a n t i t y  of v i tamiu  K expressed as v i tamin  K 2 with side chain Ca_. ,. 
Fo r  calculat ion the absorp t ion  peal< at  248 mt.c was used. The vitamh~ K col:~tent of 
some of the bac te r ia  was tes ted  biological]y on vi tamin K-deficient  chicks according 
to  the me thod  of DA~ el al. s. In this tes t  the biological ac t iv i ty  v~s  compared  with 
Menadione as reference s tandard .  Fo r  comparison with the  results of the u . . ,  measure-- 
merit  the d a t a  in Table I I  are presented  as the effect of ~qtamin lZ:,<a.5,~ by _'.>~it.-;plyh~g 
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the data directly obtained by the ratio of the molecular weights (K2(35)/Menadione). 
However, Wlss et alY have pointed out that the vitamin K activity in K-deficient 
chicks is dependent on the length of the side chain of the vitamin K compound; 
this must be taken into consideration in judging the accuracy of the figures. 

T A B L E  I 

R F V A L U E S  A N D  E X T I N C T I O N  C O E F F I C I E N T S  O F  R E F E R E N C E  C O M P O U N D S  

Solvent  for pape r  c h r o m a t o g r a p h y  : e t h a n o l - g l a c i a l  acetic a c i d - w a t e r  (850 : 25 : 125). 

Compound R F value z % o Ez em ('48 ml*) 

K 1 0.75 45 ° 
K2(25 ) 0.80 3631 
K2(~0 ) 0.60 3201 
I~2(3~ ) 0.45 292 1 

From Table n it is seen that Sarcina flava strain 5o has two spots giving a vitamin 
K-spectrum: one, rather small with RE value 0.45 like that of vitamin K2(a5 ), and a 
second, bigger spot with RE 0.33. 

The RF values of the compounds of Proteus vulgaris and Sarcina flava were not 
changed by purification of the extract by chromatography on Decalso*. The Noeardia 

T A B L E  II  

R F V A L U E S  A N D  Q U A N T I T I E S  O F  V I T A M I N  l {  I N  B A C T E R I A  

Bacterial strain 

RF-value RF-value 
Vitamin K 

(rag, calculated as mg K2(~)lg culture) 

ethanol- n-propanol- 
glacial acetic acid- glacial acetic acid- 

water water 
(85o:25:125) (650:25:323) 

u.v. measurement biological test 

B .  cereus s t ra in  35" 
B .  cereus s t ra in  44" 
B .  sub t i l i s  s t ra in  13 * 
P r o t e u s  vu lgar is*  
S a r c i n a  t iara  s t ra in  50* 

S.  aureus  209 P (ATCC 6538P)* 
Mycobac t .  ph le i  * * 
P s e u d o m o n a s  s t ra in  6*** 
Micrococcus  s t ra in  4"* * 
A zotobacter v i n e l a n d i i  (Kluyver)  § 
N o c a r d i a  sp. s t ra in  69§§ 

0.45 0.70 2.6 
0.46 
0.48 0.33 
0.33 0.59 0.46 
0.45 0.70 0.07 
o.33 0.58 
0.38 l i t t le  
0.22 o.52 2. 3 

nil 
nil 
nil  

0.3o? o.15 

2.75 

0.38 
1.7 

2.3 

* Suppl ied  by  A. Snog-Kjaer,  D e p a r t m e n t  of B i ochemis t ry  and  Nut r i t ion ,  Po ly techn ic  Ins t i -  
tu te ,  Copenhagen .  

** Suppl ied  by  Dr. H .  E. Ot tosen,  The  S ta te  Ve te r ina ry  Labora to ry ,  Copenhagen .  
*** Suppl ied  by  S. B. Halkier ,  Technological  Labora to ry ,  Minis t ry  of Fisheries ,  Copenhagen .  

§ Suppl ied by  Dr. H.  L. Jensen ,  S ta te  L a b o r a t o r y  for Soil and  Crop l~eseaxch, Lyngby ,  
D e n m a r k .  

§§ Suppl ied  by  T. Vincen ts  Nissen,  D e p a r t m e n t  of Technica l  B iochemis t ry ,  Po ly techn ic  Ins t i -  
tu te ,  Copenhagen .  

* "Zero l i t "  S/F, - -  60 + 90 mesh ,  f rom Uni t ed  -Water Sof teners  Ltd,  London .  
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strain 69 always gave long spots of not well-defined RF values, eve~: Mter chromatog- 
raphy on Decalso. 

Azotobacter vinela~dii is reported to contain ubiquinone (J..ESTEr~ ,~.~,'i: R>'.~tA- 
SAr,~rA~). After chron3atography we found a spectrum indicating the l;rescnce of ubi- 
quinone and no spectrum of vitamin K. 

B. cetera strain 35 and M. phlei arc very rich in vitamin K. These stra~.ins were 
grown in large quantities, and their naphthoquinones were purified. After e×traetion 
of the freeze-dried culture (IOO g) with acetone, the extract was dissolved in petroleum 
ether, and dark-colou,'ed impurities were extracted from the solution with meti:anol 
95 %- The petroleum ether layer was evaporated, and the residue dried ever Pg.O~. 
I t  was then dissolved in petroleum ether (b.p. 6o-Ioo °) and chromatographed on 
Decalso. The naphthoquinone was eluted with petroleum ether, 8o '.~,;, pi-xs benzene, 
2o %. The naphtlloquJnones were recrystallized twice from acetone. Fro;:~ /~. ccre~ts 
strain 35 was obtained 80 nag of yellow crystals of vitamin K2(35~, m.p. 54" (n,ac6r:'.). 
,lI. phlei gave yellow crystals at - - 20  °, m.p. - - 4  ° (uncorr.). This oil had an u.v. 
spectrum similar to that of vitamin K, and K2, and an E~,,,, --:- 255 248 m~, 
indicating a molecular weight of maximally 74o assuming a molecular extinction of 
2o,ooo. The infrared spectra" of the naphthoquinones from the two bae~,:eria were 
compared with those of vitamin K a and K2~.~). Similarity was found between the 
spectrum of K2~:~..;~ and that of the vitamin K isolated from B. ce:'eu~ strain 35. The 
IR-spectrum of tlle naphthoquinone of ,ll. pMei w,'us more like that of vitamin I(; 
than that of vitamin K~as~ . The main differences between the spectra ,~f vitamin 
K~ and K~.~5~ were seen in the region 65o--900 cm -~ eFi~ I). Vitamin ]~ had ~" ~'~' ~-(35) 
four strong peaks at 6S7, 715, 793 and 872 cm -1. Two of these, at 6~7 and 715 cm --~, 
were also found in vitamin Kj and with the same relative intensity, but 5~stead of 
the two strong peaks at 793 and 872 cm -j vitamin K, had two much weM<cr peaks 
at 785 and 890 cm -x. The absorption characteristics of vitamin l(.j. were found iJ~. 
the naphthoquinone of M. phlei also, but they were obscured in tb.c preparation to 
some extent by an absorption at 8oc~-85o em -t (Fig 1). Fig. 2 shows tb.:,, spectrum 
of vitamin Kj and that of the M. phlei-naphthoquinone from z,2c;o to ~,7oo cm -t. 
The quinone structure, is illustrated in the spectrum by the peak vt J,66o cm -~, and 
the benzene structure by the peal< at 1595 cm -~.. Assuming the sa~;~e meiccular ex.- 
tinction of vitamin K~ and of the : ' t t .  phlci-naphthoquinone, the following calcukitions 
of the molecular weight of the M. phlei-naphthoquinone can be m~de: 

(I) From the peak at 1,66o cm-: a molecular wei-h~.~ ~ of maximall:,, 650. 
(2) From the peak at 1,595 cm-: a molecular weight of maximally 70.o. 
Calculation from the u.v. spectrum gave a molecular weight of 740 of this 

compound; P,I~or)IE el al. ~ reported the molecular weight of the nnph.thoquinonc o! 
M. phlei to be maximally 620. 

The absorption peaks at 1,375 cm-1 (CH.~-groups) and at 1,44o cm-'  (Cl-l~-groups) 
are relatively higher in the M. pl~lei-naphthoquinonc than in -,itamin 1~,,. ,l~r'*~. 2i.. 
This may suggest that the molecule of the M. ]Shlei-naphthoquinone has more C tl~- 
and CHa-groups than vitamin K~. 

• The  I R - s p e c t r a  (650.- 4,ooo cn; - t)  w e r e  r e c o r d e d  on a -Xlod.e} ", t ]>erl<'~;. I:;~il]cr ] )t ~" ~k:-'..-e., m 
S p e c t r o p h o t o m e t e r  u s i n g  t he  t e c h n i q u e  ,,f K B r  d i scs  ( D i s c - d i a m e t e r :  z', .5 ~::n~). Con .ccnm~t ions :  
a p p r o x i m a t e l y  r m g  n a p h t ! ' o q u i n o n e  in 300 m g  1,2.I3r; v i t amin .  ],.'.,~(:~1 f rom .r-l.,,f,';'~.am~-L~. 3~:oche: 

a . . 1.o8 r a g :  v i t a m i n  I¢_0(.,$} f rc -n  B. cerei~.~: "~ .o~ l~g ;  v i t a m i n  1(7. f rom . Imc~. .  1.22 .'~¢~'~., c(;i;'2pou]l({ 
f r o m  ,11. phlei: ~.04 rag.  
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~4 ~lei 

v K~ 

vit. N~(35 ) 
I 

650cm -t 800 900 

Fig. i. Comparison of the IR- spec t rum of the naphthoquJnone of ~J. phlei with those oi v i tamins  
K 1 and K2(3~ ). 65o-9o0 Cll1-1. The ordinate is optical density. The broken line represents  the 
spec t rum tha t  would have been obtained if the substance examined had been pure  v i tamin  K 1. 
Whethe r  the difference between the solid and the broken lines is due to impurit ies or differences 

in the molecule is uncertain. 

t f 

1200cm -1 1300 i 1400 1500 1600 170G 

CH3-group5 CH2-groups Benzene Qulnone 

Fig. 2. Comparison of the IR-spec t rum of the naphthoquinone  of ~1~/. phlei with tha t  of vitamill  ]<1- 
1,2oo-1,7oo c~Ii -1. The ordinate is optical density. The broken line in the spec t rum of the naph tho-  
quinone of 2~/f. phlei represents  the height of the peaks if the compound were pure  v i tamin  I t  1. 
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S U M M A R Y  

The reactions of trypsin, trypsinogen, acetyltrypsinogen, and an enzymically active 
fragment of trypsinogen with N-bromosuccinimide have been explored. Under the 
conditions used, the reagent selectively oxidized the tryptophal? residues ~ i thout  
significant cleavage of tryptophyl peptide bonds. The marked difference iJ~ reactivity 
of tryptophan in trypsin and trypsinogen is ascribed to differences in their secondary 
or tertiary structure. Enzymic inactivation (trypsin) or loss of aetivatability (tryp- 
sinogen) was studied as a fimction of the oxidative modification of tryptophan. Such 
partially inactivated enzyme preparations still had their DFP phosphorylation sites 
intact. At least one tryptophan residue may be needed for activity. This demonstrates 
that an intact phosphorylation site per se is not sufiqcient for enzymic activity. 

INTRODUCTION 

The selective cleavage of C-tryptophyl peptide bonds in various model peptides., the 
hormone glucagon, and several proteins, e .g . ,  TMV protein and serum albumins has 
been reported recently. Selective cleavages varying in yield from ~o-4o <~£ 7~a.ve beeJ~ 
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