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SOME C H E M I C A L  A N D  P H Y S I C O - C H E M I C A L  P R O P E R T I E S  OF T H E  

F L A G E L L A  OF P R O T E U S  V U L G A R I S  

C L A E S  W E I B U L L  

I n ~ u ~  ~ ~ C h ~  and B ~ e m i a ~ ,  U n ~  ~ ~ s M a  (Swe~n) 

As ~ wed known, many bacteria carry flagella, ~ng, flexibM threads of uniform 
th~kness (~. Fig. 3). The arrangement of the flagella may differ ~om one spedes to 
anotheL so that  one has the chs~fications of monotrichate, peritrichate, lophotrichate 
bacteria and so on. (For details see any textbook of bacteriology). In many cases, how- 
ever, ff may be difficult to determine the exact nature of the flagellation. 

Most authors ascribe the motility of the bacteria to the flagella, as most flagellated 
bacteria show motility, and bacteria without flagella are not motile. Objections to this 
view, howeveL h a ~  been made .  

The flagella show antigenic p r o p e ~  the H-antigen of the bacteria b~ng  ~ca ted  
in these organs. These antigens show a rich differentiat~n c h a r a c t e t i ~  for different 
~rMns, and they are used for diagnostic purposes. 

Hardly anything ~ known about the chem~al properties of the flagell~ A pro ton  
nature has been proposed, however, because of the insolubi~ty of the H-antigen in 
trichloroacetic acid ~. 

GARD a has shown the possibilffy of obtNning the flagella from bacterial cuRures in 
fMr yi~ds and in a highly purified state. A mere detailed chemical investigat~n of the 
flagella has thus been made pos~ble. - -  Wffh the flageEar material, prepared by GA~D 
and obtNned from SMrnonelM fiaralyflhi B, some chemical and phygco-chemkal  obsev 
va~ons have already been madO. 

For the present investigat~n, a harmMss and eaNly cultivated bacterium, Pro~us 
vulgaris, has been t~ed. ThN bacterium shows a rich flage~ation. 

T H E  P R E P A R A T I O N  OF T H E  F L A G E L L A  

The ~rMn used was Pro~us vu~a~s X 19. The bacteria were cultured in 15 cm 
Petri-dishes on an ordinary nutrient agar medium (I 1 meat infu~on broth, 3 g NaC1, 
2 g NaeHPO 4, and agar-agar to 0.6%). Wffh this somewhat ~ w  agar-agar content the 
Proteus bacteria easily swarmed out on the whole surface at temperatures between 
lO-37 ° . 

After a convenient time ~ee b~ow) the plates were harvested by means of 5-1o ml 
0.9% NaC1 solution. The suspen~on was shaken about one hour in a shaking machine, 
and the bacteria were then spun down in an angular centrifuge at a rate of 3000 ~p.m. 

In order to decrease the volume of the supernatant to a suitable extent, u~ra- 
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f ihrat ion th~mgh a collodion membrane  was per%rmed.  ThereaKer the flagella were 
q)un down in a Beams ak-df iven  centrifuge (max. rate  z7ooo r.p.m.). The changes in 
concentra t ion of the sut)erlmtant  and depog t  during the period of centf i fngat%n of the 
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Fig. t. The percentage of flagella spun down a~er dif- 
ferent centri~ga~on times, p -: cen~ifugal field. The 
denom~at%n ,9ooo~ in,ms a run up to ~9ooo Lp.m. 
and the~ s~p~ng  the centN~ge, "up and down ~9 ooo": 

27ooo/eo means a 20 min run at 27000 r.p.m, etc. 

flagella have been inves t iga ted  by 
spinning pure flageHar suspen~ons 
or solutions (the flagella form quite 
stable solut ion~ by  f rac~ona ted  cen- 
t~fuga t ions  and theu ana ly~ng  the 
superna tan t  aud  the deposit  for ni- 
trogen as a measure of the flagellar 
substance.  In the graph below the 
percentage of d e p o r t e d  flagella is 
p lo t ted  against  the area of the t ime- 
centr ifugal  field curve for the cen- 
tNfuge. T h g  is e a r l y  calct~ated,  
since the cent~fuge accele~ttes line- 
a r l y .  

One can easily see tha t  all flagella 
are spun down af ter  a cen t~fuga t ion  
t ime of 3o min at  ~ 7 o o o a p . m .  I t  may  
be ment ioned tha t  after  prolonged 
centNfuging a small and  constant  
amount  of ni trogen was still present,  
probably" oNginating from small 

f ragments  of flagella still in solution. In  the rout ine prepara t ion  a run of ~o rain at  
27ooo r.p.m, was used for the s e d i m e n t a t i ~  of the f lagdla.  

The u l t ra f ikered  prepara t ions ,  howeveL contained other  mater ia l  also which s e t t>d  
faster  then the flagella. In  order to remove these contaminat ions ,  up and (lo~w~ runs to 
~9ooo Lp.ln.  were used. Since about  25% of the flagella were then also spun down, 
the d e p o r t  was dispersed in solution and agMn run up and down to ~9ooo r.p.m. The 
new depod t  was discarded.  

The following scheme shows the adop ted  method  ~)r the purification process of the 
flagella. For  the resuspendon of the d e p o d t e d  f lagdla  to an aqueous solufim~ a di lute  
bora te  buffer with a PH of 8.5 was used as solvent,  as the f lagdla  are found to undergo 
decompo~t ion  at  low (see bdow)  and also at  high pH-valuea The ma x imum s tab i l i ty  
was found to be at  pH 8. 5 . 

The final p repara t ion  of the flagella formed a color~ss ~ a b D  solution with a m a r k e t  
TYNDALL phenomenon.  Even  at  low concentra t ion the solution was ra ther  viscous and 
showed s t rong bKefringence of flow. The yield can be calcula ted to be about  8o% of 
the  flagella o~gina l ly  present  in the solution af ter  centr ifuging the bac te~a .  

I t  was found very  impor t an t  to choose the t empera tu re  and the cul t ivat ion time 
in a proper  manner  in order to obta in  the f lagdla  in pure s ta te  and in a fair yield. Wi th  
incubat ion  t empera tu res  above 3 °0 the f lagdla r  p repara t ions  spun down were p a ~ t y  dark-  
coloured and appa ren t ly  inhomogeneous.  Wi th  an iucubat ion tmnpera ture  of about  20 ° the 
d e p o r t s  were colouHess and p h y s ~ a l l y  homogeneous.  As will be discussed la ter  chemKal  
and phy~cochemica l  tes ts  to determine  the pu r i ty  showed an a p p r e d a b D  lack of homo- 
g e n d t y  in the p r epa ra t i ona  By lowedng the t empera tu re  to ~(>~5 ° p repara t ions  of 

I~'e~'~ccs ~. .~ ~. 



VOL. 2 ('948) PROPERTIES OF THE FLAGELLA OF P~I~I~ vl,t, l ga f~  353 

fair ly  good chem~a l  h o m o g e n d t y  were obtained.  Therefore, an incubat ion t empera tu re  

of 14-15 ° was chosen for the rout ine prepara t ions .  

U L T R A F I L T E R E D  S O L U T I O N  C O N T A I N I N G  F L A G E L L A  
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The dura t ion  of iucubat ion has also a certain importance.  As the graph (Fig. 2) 
shows, the  y i d d s  of flagella seem to be propor t ional  to the anaount of bac te r ia  harvested.  
In  overaged cul tures  (6-8 d a y ~  the y i d d  of f lagdla  rap id ly  decreases, p robab ly  because 
of a u t o l y t ~  processes. 

F r o m  the graph i t  £ d e a r  tha t  the bac ter ia  ought to be harves ted  shor t ly  after  
the  end of the logar i thmic  growth  phase. In  accordance with  t h e ,  the incubat ion t ime 

at  14 ° was 3-5 days.  
The yields of flagella have been somewhat  i rregular  bu t  have been in range of o.I  o.5 

mg from one Pet r i -d ish  under  the cuRure condit ions ment ioned  above, 
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The swarming phenomenon of the Pro~us bacteria makes it rather easy to ensure 
pure cultureG but the stock cu~ures were transplanted to new plates from time to time. 
The stock plates were cukured at 2o-27 °, and from these plates the cukures for flagella 

I 
2 

• 

,' 
Brae ~ day~ 

~g. 2. Y%Ms of bacteria and flagella 
from cultures at 14 ° and harvested 
at different times, o -- yields of bac- 
teria in arM~ary units ~rbi~metr i -  
cal mcasureme~@ • = ~ ~ H a  
~rNtrary uniN). The f i ~  are p~t~d 

in a ~ m i c a l  s~dc. 

production at lower temperatures were inoculated, 
Mnce it became evident that  the bacteria had a 
tendency to degenerate if cultured below ~5 ° for a 
long time. 

The plates (Fig. 3 m~d 4) show e~ctron mKn)- 
graphs of a Pro~us baaeriurn from the c u k u ~  
medium and of the product  obtained after the purifi- 
cation process described above. The goldshadowing 
technique of WILLIAMS AND WYCKOFF a has been 
used. The photograph Fig. 4 shows practically only 
one structural  e~ment ,  i.e., long flexible threads of 
the same thkkness  as the flagdla of the bacterium, 
but  somewhat shorteL presumably because they 
were too ~agile to withstand the purification process. 

The product  obtained also gave a predpi ta t ion 
reaction with a Pr~eus X 19 H rabbit antiserum. 

Thus the preparation tnust be conMdered to 
conMst of a highly" purified preparation of Pro~us 
flagella (cf. OARD~. 

C H E M I C A L  P R O P E R T I E S  OF T H E  Flagella 

For the determination of the dry w~ght  of 
the flag~la the preparations were, if necessary, 
dialysed against distH~d water (the flagella di~n- 
tegrate during d e c t r o d i a l y ~  and evaporated to 
dryness at Io5 °. A mKrobalance was used for the 
weighings; the accuracy was judged to be about  

± 3 gamma. The samples weighed about  ~-3 mg. 
The N-content  was determined according to the micro-Kj~dahbmethod.  
The P-content  was measured according to the method oi KING 7. 
For  flageHar preparations obtained from high temperature cuRures (37-2o °) the 

N and P contents were varying:  11-14% N and o.2-o.5% P were found. However, 
from cultures at lO-I5 ° r e p r o d u d b k  values of the N content were obtained, namely 
15 .7- i6 . i%.  In these preparations the P content was almost zero: o.o5 o.o3%. As 
also phy~cochem~al  criteHa for pur i ty  (see b~ow) indicated homogeni ty  for these 
preparations R seems very probable tha t  the N and P content of the flagella are in- 
dicated by  these last mentioned figures. Thus, there can be practically no phosphorus 
containing compounds in the flagella, and the N content is equivalent in amount  to 
tha t  of many  ~mple prote ins  

Semi-quantKative Mo~ISCH tests for carbohydrate  were also performed. At the 
most, about  1% carbohydrate  was found in the preparations. This carbohydrate,  how- 
ever, can very w~l  be a contaminat ion from decomposed bacteria or from the culture 
medium. 

R~jg~e~r~'s 2" 3~z. 



VOL. 2 ( I94~)  PROPERTIES OF THE FLAGELLA ~)F lkOMHS ~'.@ar~ 355 

Fig. 3 and 4. Elec~on m ~ r o g r a p h s  of a P ~ u s  bac~mum with flagella ~Jnd of a p repa ra~on  of pure 
f lagd~.  Mag~fica~on about  15000 ×. - - I t  may  be men~oned tha t  fl~e somewhat  granular  aplmar- 
ance of the flagelN probaMy is due to a c o a g u ~ t ~ n  process in the g ~ d  ~ m  used in the shadow- 

casting ~ c h ~ q u ~ .  
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Some o r i e n t i n g  qualit~Ne d ~ m ~ n s  of amino adds accor~ng to the paper 
chrom~ography m ~ h o #  hay%been made. The flage~a proved to conta~ many ~ff~ent  
am~o adds: argiNne, lys~e, asparfic and ~utamic and, ~ y d n ~  ~ n e ,  alaNne, t h ~  
~ne, tyroNne and probably some ~ h ~  

~ G H T  ABSORP~ON MEASUREMENTS 

The measu~ments w~e made wilh a Beckman qua~z spec~ophotom~er b~ween 
the waveMngths 4o00-2400 AU. 

As the ~ v e ~ a t e d  material showed a very ~rong TYNDALL phenomenon, ff was 
e~entiM to correct properly for the unspedfic fight N s p ~ o n  (absorption). TNs ab- 
sorption is known ~ in many cases to fo~ow 
the law 

E = k.~ -~ 

where E ~ the absorption coeffi~ent, ~ the 
wavelength of the fight dispersed and k and 
n con~ant~ varying with the disperNng sub- 
~ance. The exp~sNon can also be wfi~en 

MgE = - -n .MgX + Ngk 

i.e., when Mg E ~ # ~ d  agaln~ ~g ~ a 
~raight fine ~ obtained with the ~ope -n. 

For p a ~ i d ~  small ~ comparison with 
the wavdength, n has a va~e of about 4- 
CASPERSSON 10 has used th~ value for proton 
and nuddc add absorpt~n curve~ The 
present author has ~vestig~ed ~ff~ent  
col~ds with no spe6fic ab~rp t~n  in the 
greater part of this range ~ wavdengths e.g., 
starch, dextran and prot~n~ and has found 
good ag~ement with t~s  hw but with values 
of n ~ most cases lower than 4. Cf. Fig. 5. 

Thus, in ordeI to obtMn the true spedfic 
absorption ~ the sub~an~s ~v~ t i g~ed  the 
unspecific absorptbm has been de~rmined ~ 
the range b~ween 4000-3300 AU wh~e 
pr~eins do ~ot show any speci~c absorption. 

£ 

~1 

 obo 
Wa~ng~ ~U 

~. 5. ~x~c~o~ va~es ol ~ 3~ dext~a~ 
~o~ (~), ~.5 ~ s~e~e ~ ~), ~d ~ 
p~ep~t~ o~ fla~a, o.~5 % (C). Bot~ 
w a ~ n g ~ s  and e ~ n  v ~ s  a ~ d  
in a ~ r i t h m i c  ~aM. 

For  ( ~  n ~L the ~ x O  = 4.14 
For  (B) n = ~.7 6 

The vMues for the absorpfion have been plotted For (C) n = 3.I4 
against the wavMength on a logafithmical" 
scale and the straight fine found has been extrapolated to  the lower wavelengths. The 
spedfic absorption ~ then easily found, and the values hereby obtained show a good 
reproducibility for preparations of different degree of opalescence. 

The absorption values mentioned below are expressed in terms of the concentration 
as measured by the N content of the preparations. 

In the cases where chemical analyses have revealed inhomogeneffy the fight ab- 
sorption measurements a~o have given inconMstent resuR~ Preparations from low 
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temperature cultureG howeveL have given reprodudble values within about 5% for 
the maximum values of absorption. The figure shows the spedfic absorption of a flageHar 

preparation in a buffer of PH 8.5 and in 

~ ~5 
8 

~ ~o 

~5 

2~00 I 2~00 I 28001 , ~boo '~2oo  
~av¢ Icny~ AU 

Fig. G Ext inc t ion  v a ~ e s  ~ r  a p repara t ion  of 
flagM~ in a buffer of pH 8. 5 (~) and in o . i - n  
NaOH.  The measurements  were made in i cm 
cuvettem The curve (C) gives the ext inct ion 
v a ~ e s  of a tyrosine s o ~ t i o n  with the same 

m a x i m u m  ext inct ion as (B). 

~I -NaOH.  
The NaOH~urve shows the maximum 

of tyro~ne at 293o AU. As the dotted fine 
(abs. of tyro~n~ shows, howeveL there 
exists an additional absorption at ~wer 
waveMngths. The curve at PH 8.5 also shows 
largMy the absorption of tyro~ne but also 
an additional absorption. It  can be judged 
that only traces of tryptophane can be 
present, ~nce then the absorption maxi- 
mum of the NaOH curve would have 
shown an appredable deviation from 
2930 AU. 

The tyro~ne content of different prepa- 
ra t~ns of flagella amounts to between 
L8-1.9%. 

It ~ evident that only traces of n u d 6 c  
adds (or pufin base~ can be present in the 
preparat~nG ~nce no maximum at 260o 
~U ~ found in the absorption curveK This 
~ in agreement with the ~w phosphorous 
contents of the flagella. 

Among other physicochemical propert~s of the flagella ff can be mentioned that 
they are reversibly predpffabM with ammonium sulphate; they also show electro- 
phorefical mobility. 

THE DECOMPO~TION OF THE Fla~ell~ IN ACID MEDIUM 

As has been demonstrated earlier 4, the flagella of SalmoneEa paratyphi B are de- 
composed at about PH 3-4; the flagellar structure was found to disappear, and the split 
products had a sedimentation constant of about 2.5 S. 

The flagella of Pro~us vulgaris also show the same behaviou~ When one adds a 
dilute add  to the rather viscous flagellar solution with marked b~effingence of flow, 
this birefringence disappears almost instantaneou~y (room temperature) and the vis- 
co~ty of the solution drops strongly. The process ~ ~reversibM : nothing seems to happen 
when NaOH is added to PH 7. 

Only material of comparatively high molecular w~ght seems to be produced upon 
the decomposffion of the flagella: after 2-3 days dialy~s in coUodion bags against 
distilMd water and against buffer~ the contents of the bags contains all the nitrogen 
originally present. After 5-7 days 90-95% of the nitrogen of the flagella are found in 
the bag. 

When centrifuging the hydrolysate 60 rain at 27000 Lp.m. in the Beams centrifuge 
a depor t  is generaUy obtained. From preparations of flagell~ shown to be inhomoge- 
neous by chemical analyMs, a rather voluminous depor t  is obtained; from low tempera- 

References p. 361. 
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ture cu~ures only a small deposit ~ obtained, corresponding to less than 5 % of the total 
dry weight of the flagella. An investigation of the deposit in the electron microscope 
~vea ls  no flageHar structure, o n ~  Z 
p a n i c l ~  d ~ f f ~ e n t  Nrms. Thus 
the flagella are totally destroyed °'ta 
and the depor t ,  showing vafiabM 
chem~al compo~t~n,  may  be due 
to impufi~es c o m i ~  from b a ~ e r i a l ~  
fragments cr f c m  1he c t i u ~  
m e , u r n .  

I t  may be mentioned that  the 
depor t  ~ found to c o n t i n  m o s t a ~  
~ lhe phosphorus pos~My p ~ n t  
~ the o ~ n M  flageflar preparM~n. 

When ~ v e ~ % M e d  M the u l t r~  
cent~fuge the hydrMy~d s o . t o n s  o 
of the flagella ~w~ o n ~  one rather 
homogeneous component as shown 
by  the figure. 

M e ~ u ~ m e n t s  of the ~ f a ~ e  

~ t S O "  

~0 ~5 ZO g 
~g. 7- ~dimen~fion d ~ a m  of h y d r o i d  ~ g ~  
Exposures at 3% 8o and i8o m~ after the ~ 
has reached ~1  s ~ .  Scale distance I.O c ~  ~ r  ~ 

~e (II). 

index of the sMutkm and the area of the centrifuge diagrams show that,  within the errors 
of the m e t h o d ~  aH or almost aH of the flagellar sub~ance ~ found in this component. 

The tabM b~ow gives the sedimentation constant at different concentrations. 

T A B L E  I 

SEDIMENTATION CONSTANTS OF HYDROLYSED FLAGELLA 

Conc. % %0 

I .o 5 

0 .66  
o .51 
0 .37  
0 .28  
0 .20  
o . I o  

2 .o  3 
2.00 
2.18 

2 .27  
2 .13  
2 .37  
2 .36  

The constant seems to be somewhat dependent upon the concentration. So Hes 
at about 2. 4 . 

After ~a ly~s  for some time of the hydro ly~d  material agMn~ water or buffers 
the ukracentr i fuge-~agrams show more p o l y ~ s p ~ t y  with a tendency to Mwer moM- 
cular we~hts.  The f a g m e n ~  ~ the flagella, obtained by a d d  hydroly~s, thus ~ems  to 
undergo f u ~ h ~  decompoMtion by  ~alyM~ T ~ s  ~ in accordance wiih the dialy~s 
experiment men~oned above: after some ~me substance passed through the collo~on 
membran~ 

T h e r e ~ ,  ff has been ~fficult to pe~orm adequate ~ffu~on measu~men~ ,  fince 
t h e e  m e a s u ~ m e n ~  are performed a f a r  ~a ly~ng  the mate~al.  HoweveL va~es  cf 
about 5-5-5 have been obtalne& ( D ~ v a ~ ,  D m were somewhat higher.  These values 
can be con~dered as an upper 5mff for the true value. The ~ffu~on curves showed 
h~M or no skewness, in~cat ing no con~derabM dependence upon concentra~on. 

Refemm~ ~ 361. 
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I t  ~ known, tha t  one can use the frictional ratio f/fo w h ~ h  is easily calculated 
from the S and D values as a measure of the deviation from the spherical and unhydra ted  
state of a large molecule. For  a spherical and unhydra ted  molecule the ratio has a value 

of i.  According to the diffusion and sedi- 

~5 

2400 2600 2800 ~000 $200 
~a~  kng~ AU 

~g. 8. ExNncfion values ~r  a p~parat~n of 
hydrMy~d flagella at PH about 7 and in o.I-n 
NaOH. The p~parafion w~ pur~ed by run~ng 

~ t5  

Z 

~o 

mentatim~ vMues of the hydrolysed flage~a 
one obtMns a ff~fional  r a t ~  of about  1.8. 
For  an unhydra ted  panicle  with an assumed 
ellipsoidal form this means an ax~ l  ratio of 
about  I : 15. In  all cases the f~c t~na l  r a t ~  
found ~ rong ly  indicates m~ ~ongated  form 
of the sprit products of the flagoHa. 

The partial speNfic volume of hydrolysed 
and unhydrNysed  flagella were found to 
have about  the same value, 0.72-0.73 . (For 
these determinations I am very  indebted 
to Prof. C. DRUCKE~. 

Wffh a sedimentation constant  of 2.4 
and a diffu~on constant  of 5.2 one obtNns 
a moMcular w e ~ h t  of about  4 looo.  On ac- 
count  of the unce~a ln ty  of the diffu~on 
measurements  t h~  m a y  be conNdered as a 
lower ~mR for the true value. 

The hydrolysed flagella have been found 
60 min at 27000 r ~ . m .  Cf. Fig. 6. 

to contain about  the same percentage of N 
as before hydro ly~s :  The ultraviolet absorption ~ also for the most  part  unchanged. 
After centrifuging the hydrolysate  60 rain at 27000 r.p.m., howeveL the absorption is 
somewhat weaker especially at lower wavelengths. This ~ in accordance with the fact 
tha t  less pure preparations show stronger absorption. From the absorption curves in 
NaOH a ty ro~n  content of 1.77% was calculated. Fig. below. 

The author  ~ very much indebted to Prof. ARNE TISELIUS for his kind intere~ in 
th~  work and for h~pfu l  discus~ons. The author  ~so  wishes to thank  Prof. THE SVED- 
BERG for the pfiviMge of working at his institute. - -  Some of the bacteriMogic~ work 
has been carried out at the Inst i tute  of Phy~ological  Botany.  For  facilff~s put  at his 
disposM, the author  ~ much indebted to the head of the Ins~tute ,  Prof. ELIAS MELIN. 

The author  ~ under great obfigat~n to Prof. SVEN GAR~ for much advice. Iris great 
experience in the problems connected with this i n v e ~ a t i o n  has been of the u tmost  
value. 

The present investigation ~ par t  of a program on the ~ruc ture  and chem~M nature 
of bacterial flagella which is f inandally supported by  a grant from the Swedish NaturM 
S~ence Research Council. 

SUMMARY 

A procedure for the preparat~n of flagella from Proteus w~aris in a highly purified ~ate has 
been desc~bed. 

Investigations o~ the c h e m ~  compo~fion of the flagella have shown an N content of i~. 7 

Refe~nc~ p. 36z. 
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- -  16.1%; o ~ y  traces of phosphoru~ and at the mo~  one per cent carbohydrate (very probably 
a c o n t a m ~ a t ~ n )  are present. Several amina acids have been ~ u n d  in the flagelN. 

Measurements of the u~rav~Mt a b ~ r p t ~ n  show that  the g rea~r  par t  of the absorption is 
due to a content of 1.8 - -  1.9% tyroMne. No tryptophane, purin- or p y ~mi d ~  bases are present in 
any appreciable amount. 

These facts ~ r o n ~ y  suggest a p ro~in  nature of the flagella. The hypotheMs of tim pMysa~ 
chaNde nature of the flagella, suggested by PIJ~ER x can not be correct, at  least not ~ r  ProNus. 

The flagella are decomposed in a~d  med~m.  The split producN conNst of part i~es of rather 
homogeneous size with a panicle wNght of about 4 looo Oower l imi t .  These particles are probably 
of an eMnga~d %rm. 

R~SUM~ 

D ~ c ~ p t ~ n  dMn proc6d6 pour la pr6para~on des flagelles de Pro~us vulga~s dans un 6tat de 
purer6 tr~s pou~6e. L%tude de la composition chimique des flagM~s montre une teneur en azote 
de 15. 7 ~ I ~ i % ,  des traces ~uMment  de phosphore, et au ~us  I~o d 'hydrates de carbone ~onM~ 
tuant  tr~s probablement une impuret~.  PluMeurs a~des amines ont 6t6 caract6ris6s. 

~La mesure de ~tbsorption dans 1Mltra-violet montre que la plus grande part  de cede absorpt~n 
est due ~ une teneur de 1.8 A 1.9% de tyroMne. E nMxi~e pratiquement pas de ~yptophane,  de b a ~  
pu~que ou pyNmidique. 

Ces Iai~ sont fo r~ment  en ~veur  de la nature prot~que des flageHem L%ypoth~e de Mur 
mature prot~que des flageHem L ~ y p o t h ~ e  de Mur nature pMysacchaNdique, 6ruNe par PUPER 1 nMst 
pas vMabl~ au moins darts M cas de Proteus. 

Les fagelles sont d6compos~ en milieu a~de.  Les produits de d 6 c o m p o s ~ n  conN~ent en par- 
ticuMs de taflle plut6t homog~n% et dMn pMds particMMre dMnv~on 4 looo 0imffe in~Neure). Ces 
particuMs poss6dent probabMment une ~ r m e  al~ng6e, 

ZUSAMMEN FASSUN G 

Ein Verfahren zur Ber~tung von Flagella yon Pro~,~ vulga~s in hochgereinig~m Zu~and 
wmde be~h~ebem 

U n ~ u c h u n g e n  der chem~chen Zusammenmtzung der Flagella zeigten ~nen  N-gehMt yon 
~ 5 . ~ I ~ i % ;  nur Spuren Phospho% und hSchs~ns i% Kohlenhydrat  (wahrscheinl~h ~ne  Verun- 
r ~ g u n ~  Mnd vorhanden. Ve~chiedene Aminos~uren wurden in den Flagel~ gefunden. 

Messungen der Absorption im U~rav~M~ zeigen, dass der gr6~ere TM1 der Absorption durch 
einen Tyro~ngehMt yon I 3 - I ~ %  verursacht wird. Weder Tryptophan, noch Purin- oder Pyrimidin- 
basen ~nd in nenner~werten Mengen vorhanden. 

D~se Ta~achen w~sen sehr stark auf eine Eiweissnatur der Flagella him D~  dutch PIJFER 1 
aufge~e~te Hypo the~  der Polysacchar~natur  der Flagella kann Mso, jeden~lls bei Proteus, nicht 
~chtig s6n. 

Die Flagella werden in saurem Mi~eu gespM~m Die SpMtprodukte bestehen aus Teilchen yon 
bMnahe homogener GrS~e m~  ~nem Teilchengewicht yon ungef~hr 4~ ooo ~ n ~ r e  Grenze). Dicse 
Teilchen haben wah~cheinlich ~ne l ~ n ~ e  Form. 
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