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Table.-- Influence of Varying Amount of Activated Sludge on the Removal of Phosphorus from Sewage* 

Amount of sludge** 
(percentage) added to sewage 

and aerated for 6 h 

Raw sewage only (control) 
2-5 
5-0 
7'5 

10.0 
15.0 
20.0 
25.0 
30.0 

Percentage reduction 
of turbidity** * 

4.5 
18-2 
27-3 
40.9 
59.1 
72.8 
77.3 
86.4 
90.9 

Percentage purification 
based on 3-rain permanganate 

value 

6-9 
22"8 
38-6 
62.8 
78.7 
83.5 
88-3 
88.3 
88-3 

Percentage removal of 
Water soluble 
Phosphorus 

(P) 

2-1 
21-7 
26-1 
32.6 
43.5 
82.6 
91 "3 
93-2 
94-2 

Total Phosphorus 

(P) 

1.9 
11.3 
17.7 
40.4 
53.5 
78.1 
90.5 
92.6 
93.6 

* The analytical figures for the sewage employed are: turbidity 
(P) 7'7 p.p.m, and total phosphorus (P) 10.3 p.p.m. 

** Microscopic examination of the sludge showed the presence of 
(about 3000 cells per ml) and Epistylis (about 800 cells per nil). 

*** Turbidity was determined with the aid of a Klett Summerson 

The results  given in the  Figure  and  the  Table  show t h a t  
dur ing  the  ac t iva t ed  sludge process  t he  r emova l  of phos-  
phorus,  including the  water -so luble  phosphorus ,  f rom the  
sewage closely follows the  rap id  ra te  of clar if icat ion and 
ox ida t ion  of sewage and  t h a t  t he  r ap id i ty  of r emova l  of 
the  phosphorus ,  as the  pur i f ica t ion  process,  is d e p e n d e n t  
on the  concen t ra t ion  of sludge. 

Other  observa t ions  m a y  be summar i s ed  as follows : 

W h e n  the  sludge was previous ly  hea t ed  a t  t e m p e r a t u r e s  
above 40°C for 10 rain and  added  to  sewage, the  r emova l  
of phosphorus ,  as the  pur i f ica t ion  of sewage, was  adverse ly  
affected.  The sludge h e a t e d  a t  50°C for 10 min  d id  n o t  
remove the  water -so luble  phospho rus  and  did n o t  pur i fy  
the  sewage to  any  appreciable  ex ten t .  T r e a t m e n t  of the  
mix ture  of sewage and  sludge wi th  small  a m o u n t s  of 
chemicals  such as mercur ic  chloride (4 p .p .m.)  also ad-  
versely af fec ted  b o t h  the  r emova l  of phospho rus  and  the  
purif icat ion process.  Add i t ion  of a mixed  cu l ture  of 
bacter ia  isolated f rom ac t iva t ed  sludge (15 ml  bacter ia l  
suspension,  each ml  con ta in ing  8000 mill ions of bacter ia ,  
added  to  85 ml  of raw sewage;  t he  bac te r i a  free f rom the  
culture med ium were ob t a ined  by  the  t echn ique  5 using 
cel lophane m e m b r a n e  on n u t r i e n t  agar) caused only  a 
sl ight reduc t ion  of water -soluble  phosphorus  b u t  caused  
an appreciable  increase in the  to ta l  phosphorus ,  in the  
p e r m a n g a n a t e  value,  and  in tu rb id i ty ,  these  increases  
being due to the  added  suspens ion  of bacter ia .  

E.  G. SRINATtt, C. A. SASTRY, and  S. C. ~DILLAI 

Department o/Biochemistry, Indian Institute o/Science, 
Bangalore (India), April 75, 1959. 

Rdsumd 
La  plus grande  par t ie  du phosphore  con tenu  dans  les 

eaux d '6gouts  y compris  le phosphore  dissous dans  l 'eau 
a 6t6 r a p i d e m e n t  61imin~e ~ l 'a ide de boue (, activ~e ,, en 
l ' espace  de 6 h. Le l iquide recueilli pa r  le proc6d6 de boue  
(,activ~e~ con t ien t  tr~s peu de phosphore .  Le t a u x  du 
phosphore  81imin6 sui t  de tr~s pros la vi tesse de purif i-  
ca t ion  et  d ' o x y d a t i o n  des eaux d '6gouts .  L 'ac t iv i t~  des 
bact~ries  con tenues  dans  la vase  ne semble  pas expl iquer  
la d i spar i t ion  rap ide  du phosphore  con tenu  dans  les eaux 
d '6gouts .  

T. R. BHASKARAN, M. SREENIVASAYA, and V. SUBRAHMANYAN, 
Curr. Sei. 3, 484 /1935). 

1~5; 3-rain permanganate value 22 p.p.m.; water-soluble phosphorus 

certain protozoa in large numbers, notably the species of Opercularia 

photoelectric colorimeter, employing violet filter (420 mlz ). 

E f f e c t  o f  C o b a l t o u s  C h l o r i d e  

o n  t h e  B l o o d  S u g a r  L e v e l  

a n d  t h e  I s l e t  C e l l s  i n  R a t s  

Since 1951, when  VAN CAMPENHOUT a n d  CORNELIS 1 
d e m o n s t r a t e d  changes  in the  u-cells of the  islets of Langcr-  
hans  in guinea-pigs  a f te r  in jec t ion  of coba l tous  chloride. 
s imilar  obse rva t ions  have  been  m a d e  in o the r  species of 
an imals  such  as the  r ab b i t  and  the  dog 2-4 Dis tu rbance  of 
t he  blood sugar  level has  been  r epo r t ed  in a n u m b e r  of 
cases, the  change  usual ly  consis t ing in an increase instead 
of t he  decrease t h a t  m i g h t  logically be expec ted .  CREUTZ- 
FELDT and  SCHMIDT 5 and  FODDEN 6 have  n o t  been  able to 
observe  such changes  in t he  blood sugar  or islet cells in 
rats .  MUKHERJEE. DE and  MUKERJI 2, on the  o the r  hand,  
ob ta ined  hype rg lycemia  af ter  cobal tous  chlor ide adminis-  
t r a t i on  (50 mg/kg) ,  b u t  these  inves t iga to rs  did no t  s tudy  
the  islets f rom t h e  morphologica l  aspect .  
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Blood sugar changes daring 24 h after injection of eobaltous chloride 
in percentage of initial value. 

x - - x  controls ~ ; o o CoC12 45 mg/kg. 

1 E. v. CAMPENHOUT and G. CORNELIS, C. R. Soc. Biol. 145, 933 
(1951). 

2 M. G. GOLDNER, B. W. VOLK, and S. S. LAZARUS, Metabolism 1, 
544 (1952}. 

S. S. LAZARUS, ]~{. G. GOLDNER, and B. W. VOLK, Metabolism Z, 
51,q (1953). 

4 B. W. VOLK, S. S. LAZARUS, and M. G. GOLDNER, Proc. Soc. 
exp. Biol. Med., N.Y. 82, 406 (1953). 

5 W. CREUTZFELDT and W. SCHMIDT, Arch. exp. Path. Pharmak. 
222, 487 (1954). 

6 j .  H. FODDEN, Arch. Path. 61, 65 (1956). 
v S. K. MUKHERJEE, U. N. DE and B. MUKERjI, Indian J. reed. 

Res. 45, 337 (1957). 
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Table I 
Blood sugar changes during 24 h after injection of eobaltous chloride in percentage of initial value 
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Controls c~ . . . .  

CoC12 45mg/kg  
d.L 
t 

CoC12 20 mg/kg d ~ 
d. l .  
l 

Controls 

CoC12 45 mg/kg .o 
d./. 
l 

Before 
injection 
mg/lO0 g 

92 

78 

92 

78 

73 

Blood sugar change in percentage of initial value (h after injection) 

i 2 

+ 2 . 0 ]  - 5 . 8  

+83-4 +109-5 
48 

10.86"** 

+12.9 I +5-5 
48 

1.613 

+6.5 +3.8 

+ 131.5 + 103.3 
23 

4.13"** 

I 

3 4 

+1.8 I --1-9 

+ 78-9 + 42"4 
47 

8.75*** 
I 

- 5 - 4  ] - 1 0 . 9  
i 

47 
1.535 

+ 1.9 + 2.4 

+72-5 +75.8 
24 

2-93"*-*** 

I 

[ s i 

- 3 . 0  +1.5 

- 0 . 9  - 11.9 
47 

1.07 
I 

- 1 4 . 2  I - 2 1 . 2  
47 

I 

3'08**-*** 

+ 8.6 + 1.5 

+6-2 - 4 . 7  
23 

0.346 

I 

9 1 2  

+1.8 { - 0 . 4  

- 2 1 . 7  - 17.2 
46 

3.12"*-*** 

-24 .6  - 1 9 . 7  
46 

3.66*** 

- 1 1 . 2  - 0.9 

+16.3 - 3 - 1  
24 

1.046 

I 

f ~ 4  

- 3 ' 3  

- 2 " 8  
22 
0-056 

- 18-2 
22 
1 . 5 9  

+1.6 

+2.0  
11 
0.034 

* = probable; ** = very probable; *** = significant; d.]. = degrees of freedom; t = Student's t-test. 

M a t e r i a l  a n d  M e l h o d s . - - R a t s  of b o t h  sexes  were g iven 
cobal tous  chlor ide subcu taneous ly  in doses of 20, 35, 40, 
and 45 mg/kg  of b o d y  weight  and  the  blood sugar  was  
de t e rmined  by  H a g e d o r n  and  J e n s e n ' s  m e t h o d  once an  
hour  for 6 h and  s u b s e q u e n t l y  a t  longer  in terva ls  for 
15 days.  The an imals  were  sacrif iced a t  d i f fe ren t  t imes  
af ter  t he  cobal tous  chloride in jec t ion  and  the  pancreas  
was f ixed in Bouin ' s  fluid and  s t a ined  by  the  Gomori  
me thod  wi th  c h r o m h e m a t o x y l i n - - P o n c e a u - f u c h s i n  or 
pa r a ldehyde fuchs in - -Ponceau - fuchs in .  K a r y o m e t r i c  ex-  
amina t ion  was carr ied out  by  t rac ing  off t he  nuc lear  sur- 
face of a- and  E-cells a t  a magni f ica t ion  of a p p r o x i m a t e l y  
2000 and  de t e rmin ing  the  area  w i th  a p lan imete r .  

R e s u l t s . - - F o l l o w i n g  the  subcu taneous  in jec t ion  of 
cobal tous chloride in a dose of 45 mg/kg  of b o d y  weight  
a considerable  increase in t he  blood sugar  was recorded 
over a few hours  (Table I, Fig.).  The f inding was the  same 
for b o t h  males  and  females.  Af te r  35 or 40 mg/kg,  the  
blood sugar  level was also e leva ted  whereas  the  20 mg dose 
did no t  cause a n y  s ta t i s t ica l ly  cer ta in  hyperg lycemia .  
About  6--12 h a f te r  inject ion,  a hypog lycemic  effect  was 
noted in male  ra t s  b o t h  a f te r  45 and  20 mg/kg  of CoC12 b u t  
not  in t he  females.  No d i s tu rbances  were observed  in the  
blood sugar  level a t  a l a te r  s tage  a f t e r  t he  in jec t ion  
(Table II) .  

The resu l t  of the  nuc lear  m e a s u r e m e n t s  is shown  in 
Table I I I ;  no s ta t i s t ica l ly  cer ta in  d i s tu rbances  were  de- 
mons t r a t ed  in t he  a-cells b u t  there  was  a s l ight  decrease of 
the nuclear  area  in the  fl-cells 24 h a f te r  the  inject ion.  

D i s c u s s i o n . - -  T h e  hyperg lycemia  obse rved  in th is  in- 
ves t iga t ion  shows a correspondence  wi th  the  f indings  ob-  
t a ined  by  MUKHERJEE el al, 7 in rats .  I n  addi t ion ,  it  was  
es tabl ished t h a t  doses of 35 and 40 mg/kg  of b o d y  we igh t  
give similar  results.  

Table I I  
Blood sugar changes in percentage of starting value over 15 days 

following injection of cobaltous chloride 

Controls6 . . . 

CoCl 2 45 mg/kg 

d./ . . . .  
t 

CoC12 20 mg/kg d' 
d. /  . . . .  
t 

Before 
injection 
mg/lO0 g 

89 

77 

87 

Blood sugar change in percentage 
of starting value 

(days after injection) 

2 -4 

+13.5 

+23.2 

55 
1.23 

+7-8 
56 

0.81 

5-8 i 14-15 

+ 7-3 - 2.4 

+8.5 +3.9  

42 20 
0.214 0.565 

- 2 . 7  - 13.0 
43 20 

1.87 1.044 

The possibi l i ty  t h a t  these  blood sugar  changes  m i g h t  be 
due to p r imary  d i s tu rbances  in t he  cells of L a n g e r h a n s '  
islets is con t rad ic t ed  b y  the  k a r y o m e t r i c  resul ts .  I t  m a y  
pe rhaps  be cons idered  r emarkab l e  t h a t  t he  apprec iab le  

Table I I I  
Karyometrie investigation of ~- and fl-cells. Nuclear area in tz z 

Controls 
11/2 h after CoCI 2 inject. 
3 h after CoC12 injection 
6 h after CoCI 2 injection 

12 h after CoC12 injection 
24 h after CoCI2 injection 

s-cells 

mean d. [. 

25.5 
25.1 8 
25-6 7 
25.8 7 
25.0 8 
25-1 8 

I t 

0.552 
0.106 
0.318 
0.521 
0.525 

I n e a n  

28.8 
28.7 
28.1 
28-7 
26-9 
27-2 

E-cells 

&l. t 

8 0.182 
7 1.051 
7 0.164 
8 1.96 
8 3.34** 

,~/~ 

1.13 
1.14 
1-10 
1.12 
1.08 
1.09 

d.l. 

0.303 
0.772 
0-21 
1-296 
1-093 
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blood sugar disturbances did not produce any effect on the 
e-celts and caused only a slight reaction in the r-cells, from 
what can be judged from the karyometric results. 

There would thus seem to be some reason for assuming 
that  the hyperglycemia has some extra-insular source. 
Disappearance of the blood sugar elevation has also been 
observed after cobaltous chloride administration in ex- 
perimental animals with excised adrenal glands a,% or after 
preceding t reatment  with dihydroergotamine ~°, and it 
therefore seems probable tha t  in rats also the effect 
produced by cobaltous chloride might  be in some way 
connected with the adrenal glands. 

Supported by grants from the Swedish Medical Researdh Council. 

G6STA T. HULTQUIST 

Department of Pathology, University of Uppsala (Swe- 
den), April  3, 1959. 

Rdsumd 

L'effet de l 'administration de chlorure de cobatt chez 
le rat  normal est une hyperglye6mie prononc*e duns 
t'espace de quelques heures aprSs l ' injection. It n 'est  pus 
possible de d6celer des changements dans tes cellules ~ des 
riots de Langerhans. Les noyaux des cellules f ine montrent  
qu'une diminution faible apr~s 24 h de l ' injection. 

8 C. V. HOLT and L. v. HOLT, Z. Naturforsch. 9b, 319 (1954}. 
9 C. FRANCK, M. LAMARCHE, and R. KOCAREV, C. R. Acad. Sci. 

245, 1165 (1957). 
x0 S. ELLIS, H. L. ANDERSON, and M. C. COLLINS, Proc. Soc. exp. 

Biol. Med., N.Y. 84, 383 (1953). 

Dehydrogenase Activity of Borrelia recurrentls 

So far, little is known about the metabolism of patho- 
genic spirochetes, since their mass cult ivation in vitro in a 
defined medium has only been partially successful~,% 
Recently, BuccA et al. 3 and BARBAN 4 reported about 
certain metabolic observations; however, they used in 
their studies the non-pathogenic Reiter strain of Trepo- 
nema for testing. 

In the present work, the dehydrogenase act ivi ty  of a 
known pathogen, Borrelia recurrentis, was investigated in 
a fairly well defined medium, using Tetrazolium reduction 
as an indicator. 

Suspensions of washed Borrelia recurrentis s, containing 
10~-10 ~ spirochetes per mm 3, were prepared as follows: 
Mice infected with the organisms were exsanguinated and 
the blood placed in an anticoagulant fluid (1 p sodium 
citrate (3 %), i p saline (0.85 %) and 2 p tryptose-phosphate 
broth (Difeo)). The spirochetes were sedimented by 
spinning and resuspended in fresh fluid (2 p saline and 2 p 
tryptose-phosphate broth). SeveraI washings were then 
made, to remove all extraneous materials. The washed 
spirochetes remained viable for at least 12-15 h in the 
wash fluid without added nutrients. 

1 Q. M. GEI~IA~, Ann. Rev. Microbiol. 6, ~99 (195°). 
2 W. SCH~XEROLD, Zbl. Bakt. I. O. 1as, 274, o8o~, 29I (1956). 
s M. A. BUCCA, J. D. THAYER, H. B. ROBERTS, and G. TAGER, 

J. Venerol. Dis. Inform. 32, 6 (1951). 
4 S. Barban, J. Baet. 68, 493 (1954); 71, ~74 (1956). 
5. Received from Dr. N. ]~RCOLI, Armour Research Laboratories, 

Kankakce, 11I. 

Tile various dehydrogenase systems to be tested were 
made up in test tubes containing (1) 0-5 ml of the spiro- 
chete suspension; (2) 0-1 ml of a 1% solution of one of a 
number of substrates (glucose, pyrnvate,  succinate, 
fumarate, lactate, formate, glutamate, and asparagine); 
(3) 0.1 ml of a 0.05% solution of either cysteine, cystine, 
oxidized or reduced glutathione, or ascorbate; (4) 1 ml of 
freshly prepared 1:10 dilution made from a 1% stock 
solution of 2, 3, 5 triphenyltetrazolium chloride in phos- 
phate-saline buffer, pH 6,85 (TTC); and (5) saline (0-85%) 
to bring the total  volume up to 2 ml. In the controls, 
either the borrelia suspension or one of the substrate 
components was replaced by buffered saline. All tubes 
were layered with petroldtum and incubated in a water 
bath  for periods up to 6 h at  30°C. Higher incubation 
temperatures tended to have detrimental effects on the 
spirochetes. I t  was also observed tha t  a pH of 6-85 
eliminated the troubiesome auto-reduction of the TTC, 
which frequently occurred at a pH of 7, or above. 

Results . -On preliminary examination, the dehydro- 
genase systems concerned with oxidation of all substrates 
were found either equivocal or negative. After ruling out 
the possibility that  inadequacy of pH was responsible for 
these results, a deficiency of appropriate coenzymes was 
considered. I t  has already been noted tha t  addition of 
fresh serum somewhat enhanced act ivi ty  of the borrelias. 
However, addition of DPN (0.1%) only slightly improved 
the results. Apparently, during preparation of the micro- 
bial suspension, sufficient coenzymes were carried over so 
that  additional DPN had but  little influence. 

Since it is known that  SH-compounds have the ability 
to activate several dehydrogenase systems, compounds 
such as cysteine, eystine, reduced and oxidized glutathione 
were added to the various test systems. The reaction 
which was previously weak and unduly protracted (re- 
quiting overnight incubation) became accelerated in pre- 
sence of the reduced agents (less than 6 h) but  remained 
inactive with the oxidized form of compounds. Under the 
experimental conditions employed, the most active enzyme 
was one attacking the formate ; but  following it, the other 
substrates were also oxidized after variable lapse of time. 

In the controls, in the presence of heat-killed organisms, 
no reduction occurred. Similarly, omission of either of the 
substrates or of the borrelias failed to reduce the dye. 

I t  remained to be seen whether the SH-compounds 
acted specifically or not. Using ascorbate as an alternate 
reducing agent, the very same results were obtained as 
with SH-compounds. Hence there can be little doubt that 
the catalytic effect is not specific and is not limited to 
SH-compounds alone. 

The activation phenomenon may be explained by as- 
suming that  the enzymes became inactivated in the course 
of preparation (due to oxidation or perhaps due to trace 
metakpoisoning), and react ivated by adequate reduction 
or neutralization of the metal  poisons. 

G. J. SCHEFF and F. R. KUTNER 

Department o/ Microbiology and Public Health, The 
Chicago Medical School, Chicago 12 (Ill.), May  t9, 1959. 

Zusammen/assung 

Es wurde gezeigt, dass Bor. recurrentis unter  iiblichen 
Bedingungen nur eine schwache F~ohigkeit besitzt, ver- 
schiedene Substrate zn dehydrogenieren. In Gegenwart 
yon reduzierenden Agentien (wie SH-Verbindungen oder 
AscorbinstLure) wird diese Aktivittt t  hingegen bedeutend 
verst~rkt, 


