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Particulate-Bound Pigment of 
Serratia marcescens ( Chromobacterium prodigiosum) 

The red p igmen t s  p roduced  b y  the  microorganism,  
S e r r a t i a  marcescens ,  are usual ly regarded  as being cellular 
and  wa te r  insolubleX. However ,  some repor t s  have  s t a t ed  
t h a t  the  p igmen t s  can diffuse f rom the  cells, and  thus  
migh t  be regarded  as being wa te r  soluble 2. MONK a re- 
po r t ed  spect ra l  s tudies  carr ied ou t  on a p igmen ted  ex t r ac t  
ob t a ined  f rom S.  marcescens  cells d i s rup ted  in a Mickle 
d is in tegra tor .  Similar  p repa ra t ions  were made  by  LIN- 
NANE and  STILL* employ ing  a h igh-speed  mechanica l  
d is in tegra tor .  The l a t t e r  inves t iga to rs  r epor ted  t h a t  the  
p i g m e n t  was isolated as a p ro te in  complex .  However ,  no 
detai ls  concern ing  the  complex  were given in the i r  repor t .  
The p re sen t  comm un ica t i on  ex t ends  the  obse rva t ions  of 
MONK 8 and  of LINNANE and  STILL 4, and p resen t s  evidence 
t h a t  the  red p i g m e n t  ob ta ined  f rom mechanica l ly  dis- 
r up t ed  cells is bound  to small  part icles .  

S.  marcescens  s t ra in  N ima  was grown for 5 days  on an 
agar  m e d i u m  5. The organ isms  were suspended  in dist i l led 
water ,  and  d i s rup t ed  in a h igh-speed  mechanica l  shaker  8. 
Clarif icat ion of the  r e su l t an t  t u rb id  mate r ia l  was carr ied 
ou t  by  s tep-wise  cent r i fuga t ion .  The sed imen t  r ema in ing  
a f te r  each  cen t r i fuga t ion  was p igmen ted ,  b u t  the  super-  
n a t a n t  r emain ing  af ter  t r e a t m e n t  a t  50000 × g for 1 h 
was still  a deep ly  p igmen ted ,  red color. This  mate r ia l  
showed no visible tu rb id i ty .  However ,  when  it was cent r i -  
fuged a t  105 000 × g for 2 h all of t he  p i g m e n t  s ed imen ted  
as a sha rp ly  c i rcumscr ibed,  red pellet .  The s u p e r n a t a n t  
was  comple te ly  devoid  of p igment .  

The red pel le t  was washed,  r e suspended  in dist i l led water ,  
a n d  ana lyzed  in the  spec t ropho tome te r .  In  the  visible 
region, the  s p e c t r u m  was ident ical  to t h a t  r epor ted  by  
MONK 3, and  showed m a x i m u m  optical  dens i ty  a t  495 m~. 
A shoulder  was p resen t  a t  530 m/x, and  the  m i n i m u m  was 
a t  425 m~. MONK a did no t  repor t  the  u l t rav io le t  spec t rum 
of his mater ia l .  Our p r epa ra t i on  exh ib i t ed  a m a x i m u m  
peak  in the  u l t rav io le t  region at  260-270 m~x. This ab- 
sorbance  p robab ly  represen t s  p ro te in  and  nucleic acid 
mate r ia l  p resen t  in the  suspension.  

Chemical  t es t s  carr ied ou t  on the  mate r ia l  e s tab l i shed  
the  presence  of pro te in ,  lipid, c a rbohyd ra t e ,  and  nucleic 
acid subs tances .  The p i g m e n t  could no t  be d ia lyzed f rom 
the  suspension,  nor  could it be s epa ra t ed  f rom the  sedi-  
m e n t  by  pape r  e lectrophoresis .  The la t te r  p rocedure  did 
no t  move  the  sed iment .  

In  order  to  d e m o n s t r a t e  the  associat ion of p igmen t  wi th  
t he  s ed imen t ing  mater ia l ,  the  organism was grown at  
37°C. A t  th is  t e m p e r a t u r e  no p igmen t  was produced ,  
and  cen t r i fuga t ion  a t  105 000 × g of mater ia l  p repared  as 
out l ined  above  p roduced  a viscous, s t raw-colored  sedi- 
m e n t  t h a t  did no t  show a sha rp  separa t ion  f rom the  clear 
s u p e r n a t a n t .  

W a s h e d  p repa ra t ions  of mater ia l  ob ta ined  f rom pig- 
m e n t e d  and  colorless cells were examined  in an analy t ica l  
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ul t racentr i fuge.  The resul ts  are p re sen ted  in the Figure.  
P igmen ted  mater ia l  d e m o n s t r a t e d  th ree  fract ions,  and the  
peak of one c o m p o n e n t  coincided ex ac t l y  wi th  the  pig- 
men t  front.  A second c o m p o n e n t  s e d i m e n t e d  more  slowly 
than  the p igment  f ract ion while the  t h i rd  f rac t ion  was 
present  wi thin  the p igmen ted  area.  The p r e p a r a t i o n  ob- 
ta ined from colorless o rgan isms  exh ib i t ed  on ly  one com-  
ponen t  which appeared  to be a s low-moving  f rac t ion  when  
compared  to the sed imen ta t ion  p a t t e r n  of the  p i g m e n t e d  
mater ia l .  However,  exac t  compar i son  b e t w e e n  the  two 
samples  could not be carr ied ou t  because the  presence  of  
p i g men t  probably  al tered the  s ed imen ta t i on  c o n s t a n t s  of 
the  27°C components .  
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Tracings of analytical ultracentrifuge patterns of 105,001)×g pre- 
parations obtained fr(ml Serratia m n r e e s c e n s  orgalliSlns growll at 
'27°C (pigmented) attd at q7"C (colorless). The pictures were taken 
after the apparatus had reached a speed of 511,7.|11 r.p.m. The ~tippled 
area represents the red pigment. Sedimentation proceeds to the right 

E lec t ron  microscopic examina t ion  of washed ma te r i a l  
p r ep a red  f rom the  sed iment  of p igmented  o rgan i sms  
showed the  p repa ra t ion  to be heterogenous and to consis t  
of several  sizes and shapes  of particles. Similar  mater ia l  
ob t a ined  f rom colorless organisms was homogeneous ,  and  
cons is ted  of small,  round particles.  

Centr i fugal  s tudies  have been carried out  on cel lular  
mater ia l  ob ta ined  from several o the r  Ser ra l i a  s t r a ins  
which p roduced  p igments  bound to the cells. In all cases,  
an a p p a r e n t l y  clear red mater ia l  p repared  by mechanica l  
d i s rup t ion  of the cells yielded a red pellet  and  colorless 
s u p e r n a t a n t  when centr i fuged at  105000 x g for 2 h. 

The da t a  presented  indicate t h a t  the p igmen t  o b t a i n ed  
by  mechanica l  d isrupt ion of cer ta in  s t ra ins  of  S .  m a r -  
cescens is bound to cellular particles.  Similar  associa t ions  
be tween  bacter ial  p igments  and subcel lular  par t ic les  have  
been repor ted  for Streptococcus pyogenes  7, C o r y n e b a c t e r i u m  
species 8, and R h o d o s p i r i l l u m  r u b r u m  9. The par t ic les  of 
the  la t t e r  organism appa ren t l y  func t ion  in the  pho to -  
syn the t i c  mechan i sm of the  organism,  b u t  the  func t ion  of 
the  subs tances  in the  o ther  two organisms  is unknown .  
As has been d e m o n s t r a t e d  in Serrat ia ,  colorless s t ra ins  of 
C o r y n e b a c t e r i u m  species or R.  r u b r u m  lack par t ic les  s imi-  
lar to those associated wi th  p igmen ted  organisms.  

The origin of the part icles d e m o n s t r a t e d  in Serra t ia ,  as  
well as the i r  funct ion,  and the  na tu re  of the  b o u n d  pig- 
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m e n t  m u s t  still  be  e lucidated.  ]~ONK ~ specu la t ed  t h a t  t he  
orange  f rac t ion  of Serratia p i g m e n t  ~ m i g h t  be  b o u n d  to  
in t racel lu lar  par t ic les  and  to  be of i m p o r t a n c e  in cellular 
metabol i sm.  
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Rdsumd 

Le broyage m6canique  de Serratia marcescens pigment6s  
p rodu i t  un l iquide rouge clair. Apr~s cen t r i fuga t ion  
105000 x g, le p i g m e n t  se s6d imente  sous forme d ' u n  
agglom6rat  rouge e t  la phase  l iquide res te  incolore. La  
courbe du mat6riel  de l ' agg lom6ra t  remis  en suspens ion  
mon t re  A l 'u l t racen t r i fuge  un  seul s o m m e t  co inc idan t  avec 
le p igment .  S. marcescens non  p igmen t6s  ne p r o d u i s e n t  
pas d ' agg lom6ra t  apr~s b royage  e t  cen t r i fuga t ion  e t  don-  
n e n t  une  courbe dif f6rente  h l 'u l t racent r i fuge .  

Effect of Insu l in  on  P o t a s s i u m  T r a n s f e r  
in H u m a n  and Chicken  E r y t h r o c y t e s  1 

Several  obse rva t ions  sugges t  t h a t  insulin m a y  increase 
the  pe rmeab i l i ty  of a va r i e ty  of cell t y p e s  to  a va r i e ty  of 
substances .  Fo r  example ,  insul in s t imula te s  t he  pene t r a -  
t ion of glucose ~ and  of amino  acids3, 4 in to  muscle  cells 
and  the  eff lux of aldolase f rom skeleta l  muscle  s, and  modi-  
fies the  m e m b r a n e  po ten t i a l  of muscle  fibers e. In  addi t ion ,  
i t  has  been  shown  t h a t  in t race l lu lar  p o t a s s i u m  increases  
in liver, muscle,  e ry th rocy te s ,  a n d  b ra in  du r ing  hypo-  
g lycemia  7-n .  The  e x p e r i m e n t s  descr ibed  in th is  p a p e r  
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were  carr ied ou t  to  s t u d y  if insul in modif ies  t he  loss of 
po ta s s ium f rom e r y t h r o c y t e s  du r ing  cold s torage  a n d  i ts  
pa r t i a l  r e - en t ry  following incuba t ion  a t  37°C. 

Blood samples  were ob ta ined  f rom the  an t ecub i t a l  ve in  
of 4 no rma l  h u m a n  subjec ts ,  1 u n t r e a t e d  p a t i e n t  in dia-  
bet ic  coma,  and  f rom t h e  h e a r t  of 4 no rma l  whi te  Leghorn  
chickens.  The  needle  was  r e m o v e d  f rom the  syr inge  and  
the  blood t r ans fe r red  careful ly  to  flasks con ta in ing  pow-  
de red  hepa r in  x~ and  glucose (10 mg/ml)  and  s to red  a t  
a b o u t  4°C. Agi ta t ion  was  avo ided  to  min imize  hemolys i s  
a n d  asept ic  t echn ic  was  used th roughou t .  Af te r  6 days  of 
cold s torage,  5 or 6 5 ml  a l iquots  of each  sample  of Mood 
were i ncuba t ed  in a D u b n o f f  shaker  a t  37°C mov ing  a t  
t he  ra te  of 50 osci l lat ions/rain,  in an a t m o s p h e r e  of 95% 
Oz and  5% CO 2. Ouaba in  13 (7.2 x 10-6M in 0.1 ml) an d / o r  
glucagon-free insulin 14 (1 u in 0-1 ml) were a d d e d  to  t he  
samples  as indica ted .  P o t a s s i u m  was  measu red  in t he  
p l a sma  wi th  a Coleman f lame p h o t o m e t e r  before and  af ter  
i ncuba t ion  and  the  po tas s ium u p t a k e  b y  the  cells calcul- 
a t ed  b y  difference,  according  to t h e  m e t h o d  of KA~N and  
ACHESON15. The vo lume of cells was measu red  by  means  
of h e m a t o e r i t  de t e rmina t i ons  before and  a f te r  incubat ion ,  
in dupl ica te .  

Table I I  

Effect of insulin and ouabain on potassium uptake by incubated 
human erythrocytes previously stored at 4°C for 6 days. 

hmubation time: 3 h at 37°C 

Controls 
Ouabain 
Ouabain + Insulin . 

No. of 
experi- 
ments 

Potassium Uptake 
(mEq/1 of cells ~2 S.D) 

+3.1 ± 0.76 
-0 .6  4- 0-35 
- 1-3 + 0-34 

Table  I shows t h a t  no rma l  h u m a n  e r y t h r o c y t e s  r emov-  
ed measurab le  quan t i t i e s  of  po tas s ium from the  incuba t ion  
med ium,  t h a t  the  p o t a s s i u m  u p t ak e  of  t h e  e r y t h r o c y t e s  
of a p a t i e n t  in d iabe t i c  c o m a  was  apprec iab ly  smal ler  a n d  
t h a t  t he  up take  of the  nuc lea ted  red  cells of the  ch icken  
was  apprec iab ly  g rea te r  t h a n  t h a t  of no rma t  h u m a n  red  
cells. Insu l in  h a d  no measu rab le  effect  on po t a s s ium 
u p t a k e  u n d e r  the  condi t ions  of these  exper imen t s .  Table  I I  
shows t h a t  ouaba in  b locked  po ta s s ium u p t ak e  by  incu-  
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Table I 
Effect of insulin on potassium uptake at 37°C by erythrocytes previously stored at 4°C for 6 days 

Human, Normal 

Human, Diabetic 

Chicken, Normal 

Controls 
Insulin 
Controls 
Insulin 
Controls 
Insulin 

Potassium Uptake No, of ex- 
periments (mEq/1 of cells :t= S.D.) 

Incubation Time, min 

15 60 

3.4 j :  0.14 
3.1 4- 0.33 

1.4 i 0.15 
1-4 i 0.15 

5.2 4- 2.61 
5.3 ± 2.78 

180 

3.3 4- 0.86 
3.1 4- 0.74 
0,8 4- 0.006 
0-8 4- 0-006 


