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UV-Irrad ia t ion  and Measur ing  of the Optical  Dens i ty  of M i c r o o r g a n i s m s  in a Microca lor imeter  

Microca lor imet r ic  e x p e r i m e n t s  on  mic roo rgan i sms  on ly  
al low one to measu re  c o n t i n u o u s l y  t he  h e a t  f lux d u r i n g  
b iochemica l  r eac t ions  of t he  cul ture ,  whereas  b y  reason  of 
t e chn i ca l  diff icul t ies  - u n f a v o u r a b l e  i n s t a l l a t i on  of t h e  
r eac t ion  vessel  in  t he  i n t e r n a l  t h e r m o s t a t e  b lock  - o t h e r  
b iophys ica l  p a r a m e t e r s  can  on ly  be  d e t e r m i n e d  before  or 
a f t e r  t he  r eac t ion  b u t  no t  d u r i n g  t he  e x p e r i m e n t  (BE- 
LAICH 1, BOIVINET ~, LAMPRECHT~). The  r ecen t ly  devel-  
oped  f low mic roca lo r ime te r  of t he  L K B  t y p e  renders  
t es t s  and  m e a s u r e m e n t s  d u r i n g  t he  e x p e r i m e n t  (ERIKS- 
SON 4, ]~RETTEL et  al.S), b u t  one m u s t  p u t  up  w i t h  a t i m e  
de lay  of a few m i n u t e s  because  of t he  s e p a r a t i o n  of 
ca lo r ime te r  a n d  cu l tu re  vessel, so t h a t  fas t  processes,  
wh ich  for i n s t ance  occur  i m m e d i a t e l y  a f te r  i r rad ia t ion ,  
c a n n o t  be  de tec ted .  I n  t h i s  p a p e r  2 opt ica l  a r r a n g e m e n t s  

UV-lamp Q 

Quartz lens 0 

4 
J 

a) 

~ net 95 ~ 

~ 

i 

I J [ J  r 
i 

Fig. 1. Arrangement of the fibre optics in the calorimetric vessel, for 
irradiation (a) and measurement of optical density (b). 

are descr ibed  b y  which  f u r t h e r  i n f o r m a t i o n  of a cu l tu re  
in  a ca lo r ime te r  is ob ta ined .  

Microcalorimeter. A d i f f e ren t i a l -mic roca lo r ime te r  E. 
CALVET is used  ( type MS 70, S e t a r a m / L y o n )  (CALvET 
et  ale). The  r eac t ion  vessels h a v e  a h e i g h t  of 128 ram,  
d i a m e t e r  of 35 m m  a n d  a v o l u m e  of 100 ml,  t h e y  are 
pos i t ioned  675 r a m  deep in  t he  ca lo r imet r i c  block.  To 
avoid  s e t t l e m e n t  of t he  cells of t h e  o rgan i sm a n d  to  
o b t a i n  a h o m o g e n i t y  of a i r  a n d  med ium,  t he  cu l tu re  is 
m ixed  b y  a s t i r re r  wh ich  is o p e r a t e d  b y  a r o t a r y  m a g n e t  
and  a m u l t i v i b r a t o r  (LAMPRECI~T e t  al. 7). 

Optical density device. Two f ixed l igh t  guides  ( ~ 1 m m ,  
s ter i l izable  a t  115~ b e n t  to  a d i s t ance  of 5 m m  (Figure 
lb)  lap in to  t he  suspens ion  of t h e  r eac t ion  vessel,  whereas  
t h e  f lexible  ends  lead b e y o n d  t he  ca lor imeter .  One of t he  
ends  is i l l u m i n a t e d  b y  an  electr ic  b u l b  (4 V, 5 W) t h r o u g h  
a green glass-fil ter,  t h e  l igh t  pass ing  t h r o u g h  t he  glass 
f ibres  and  t he  suspens ion  be tween  t he  guides in  t h e  
vessel. The  t r a n s m i t t e d  l i gh t  is m e a s u r e d  b y  a pho to -  
mul t ip l i e r  t u b e  ( type 931 A, RCA), t he  o u t p u t  of wh ich  
is ampl i f ied  and  recorded  as op t ica l  dens i ty .  The  noise 
level, especial ly  t he  swi t ch ing  pulse of t h e  m u l t i v i b r a t o r ,  
is m in imized  b y  an  e lec t ros ta t i c  shielding,  a n d  t he  h e a t  
emiss ion  p roduced  b y  s t r a y  l igh t  can  be  d i m i n i s h e d  to  a 
va lue  smal le r  t h a n  ~ 1 ~ W  if a s imi la r  device is used in 
t he  second vessel  for compensa t ion .  

The  opt ica l  dens i ty  of a growing  cell suspens ion  chief ly  
r ep resen t s  t he  d ry  weight ,  t h a t  is t he  cell mass  pe r  ml.  I f  
one uses a h o m o g e n  s t r a i n  w i t h  a n  un i fo rm  cell v o l u m e  
one m a y  o b t a i n  t he  n u m b e r  of cells pe r  ml  f rom t h e  
opt ica l  dens i ty .  F igure  2 shows • growing  curves  of t he  
yeas t  Saccharomyces a t  2 d i f fe rent  t e m p e r a t u r e s .  The  h e a t  
f low (d ~ H/d t ) ,  t h e  t o t a l  h e a t  p r o d u c t i o n  (4 H) a n d  t h e  
opt ica l  dens i ty  (OD) are o b t a i n e d  as func t ions  of t ime.  
Compar ing  t he  two  s igmoid  curves  (OD a n d  d zJ H /d t )  
one f inds  no  coinc idence  wh ich  m e a n s  t h a t  t h e r e  m u s t  be  
enac t ed  some o t h e r  h e a t - p r o d u c i n g  processes in  a d d i t i o n  
to  t h e  mass  p roduc t ion .  The  effect  p r e f e r ab ly  t akes  place  
a t  t he  t r a n s i t i o n  f rom the  loga r i thmic  in to  t h e  s t a t i o n a r y  
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Fig. 2. Growth curves of yeast cells. OD, optical 
density; dAH/dt, enthalpy flux; AIH, total heat 
production. 
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phase.  The  i r regular i t ies  of t he  h e a t  f lux curve  in F igure  2b 
obv ious ly  or ig ina te  f rom t he  va r i ab l e  increase  of cell 
mass .  A n  i n t e r p r e t a t i o n  of t he  resul ts ,  t o g e t h e r  w i t h  a 
m a t h e m a t i c a l  descr ip t ion ,  wil l  be  g iven  in  a l a t e r  paper .  

Irradiation device. U V - i r r a d i a t i o n  in the  ca lo r ime te r  is 
car r ied  ou t  b y  a low pressure  m e r c u r y  l a m p  (HNS 12, 
Osram/Ber l in ,  m a x i m a l  emiss ion  a t  2537 A_) c o m b i n e d  
w i t h  a l igh t  guide of q u a r t z  glass ( ~ 10 m m ,  t y p e  QLG, 
Schot t /Mainz) .  I f  t he  i r r ad i a t i on  l a m p  is exac t l y  focussed 
u p o n  t h e  surface  of t he  f ibres  t he  i n t e n s i t y  is 2.3 e r g / m m  2. s 
m e a s u r e d  b y  a p h o t o n  f lux de t ec to r  (ScI~AARSCI~MIDTS). 
The  r a d i a n t  energy  is pa r t i a l l y  c o n v e r t e d  in to  h e a t  w i t h  
a m a x i m u m  va lue  of 3 mca l  a f te r  10 ra in  of i r r ad ia t ion .  
This  add i t i ona l  h e a t  m a y  be d imin i shed  b y  c o m p e n s a t i o n  
w i t h  a s imi la r  device p laced  in t he  opposi te  vessel, wh ich  
requi res  a diff icul t  and  ted ious  a d j u s t m e n t  of t he  l a m p  
and  t he  lenses. A h e a t i n g  res is tor  of 100 D proofed  as an  
exac t  c o m p e n s a t i o n  un i t  if t h e  va lues  of c u r r e n t  and  
vo l tage  are a r r anged  to  a s imi la r  h e a t  ou tpu t .  The  
i r r ad i a t i on  device was used to  record  g rowth  curves  of 
r a d i a t i o n  sens i t ive  m u t a n t s  of Saccharomyces dur ing  
s h o r t  i n t e rva l s  of UV- i r r ad i a t i on  as well  as h e a t  f lux 
m e a s u r e m e n t s  o f  res t ing  cells in  buffer .  T h e  changes  of 
e n t h a l p y  in these  t h e r m o g r a m s  are  discussed in de ta i l  

t oge the r  w i t h  ques t ions  of r epa i r  processes elsewhere 
(Se~AA~SCHMmT 9). 

A t  t h e  m o m e n t  . exper iments  w i t h  i r r ad ia t ion  of v is ible  
l i gh t  are  be ing  p r e p a r e d  to  t e s t  t h e  p h o t o r e a c t i v a t i o n  of 
r a d i a t i o n  m u t a n t s  of mic roorgan i sms  and  t he  p h o t o s y n -  
thes is  of algae. 

Zusammen/assung. Mit  e iner  L i c h t l e i t e r a n o r d n u n g  
k 6 n n e n  opt i sche  Messungen  in e inem Mikroka lo r ime te r  
E. CALVET durchge f i i h r t  werden.  E ine  wei tere  Anord-  
n u n g  e rm6g l i ch t  B e s t r a h l u n g s v e r s u c h e  im K a l o r i m e t e r  
m i t  UV-  u n d  s i c h t b a r e m  Licht .  
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A N e w  Method for Measur ing  Guanidine in U r e m i a  

Due to  lack of m e t h o d s  for t he  m e a s u r e m e n t  of guani-  
d ine  (G) in b o d y  fluids, no  ex tens ive  s tudies  are  ava i l ab le  
on  i t s  se rum and  t i ssue  c o n c e n t r a t i o n s  and  i ts  r ena l  ex- 
c re t ion  in n o r m a l  a n d  u remic  subjects .  I n  t he  p re sen t  
p a p e r  a p rocedu re  is descr ibed for m e a s u r i n g  i t  in  b o d y  
fluids, a n d  f igures are r epo r t ed  concern ing  i ts  se rum 
levels a n d  u r i n a r y  excre t ion  in  n o r m a l  pe r sons  a n d  rena l  
pa t i en t s ,  i t s  s e rum and  muscle  c o n c e n t r a t i o n s  in n o r m a l  
a n d  anur ic  dogs and  i ts  c o n t e n t s  in  ce r t a in  wide ly  used 
foods. 

Materials and Methods. N o r m a l  s e rum (50 ml) a n d  ur ine  
or u remic  se rum (25 ml) were d i lu ted  t e n  t imes  w i t h  dist i l l-  
ed wa te r  and  passed  t h r o u g h  a co lumn  (6 • 20 mm)  of 
Dowex  W 50 res in  (100-200 mesh)  in  t h e  I-I+ form.  The  
c o l u m n  was t h e n  w a s h e d  w i t h  100 ml  of dis t i l led w a t e r  
followed b y  100 m l  of 2N N H 4 O H  to  e lu te  creat ine ,  crea- 
t i n i n e  (CR) a n d  arginine .  Af te r  a second w a t e r  wash ing  

(100 ml) G and  m e t h y l g u a n i d i n e  (MG) were e lu ted  w i t h  
50 ml  of 2 N  HC1. Th i s  was  dr ied a t  75 ~ in a v e n t i l a t e d  
oven  and  t he  d ry  residue,  d issolved in 50 ml  dis t i l led 
water ,  was  passed  t h r o u g h  a co lumn  of A m b e r l i t e  I R A  
400 res in  in the  O H - f o r m  (1.5 • 28 cm), to  r emove  C1-. 
The  e lua te  was dried aga in  and  t he  residue,  q u a n t i t a t i v e l y  

c o l l e c t e d  w i t h  3 a l iquo ts  of 9 5 %  e t h a n o l  (2-3 ml  each),  
pooled and  reduced  to  exac t ly  1.0 ml.  This  so lu t ion  was  
employed  (in a m o u n t s  f rom 0.2 to 0.5 ml) for c h r o m a t o -  
g r a p h y  on  p a p e r  Wa tman i1  No. 1 w i t h  t he  sy s t em:  e tha -  
nol :  N I l 3 :  w a t e r  (90 :5 :5 ) .  Af te r  a b o u t  12 h descend ing  
m i g r a t i o n  a t  room t e m p e r a t u r e ,  G was sa t i s fac to r i ly  
s epa ra t ed  f rom MG:  R I  0.39 a n d  0.47, respect ively .  The  
p a p e r  s t r ips  (55 • 5 cm) were dr ied  in a n  a i r  c u r r e n t  a n d  
t h e n  s p r a y e d  w i t h  a m i x t u r e  (2/3) of r e a g e n t  No. 1 (di- 
ace ty l  in  water ,  0 .06%)  a n d  No. 2 (freshly p r e p a r e d  
e - n a p h t o l  1.0 g d issolved in 100 ml  w a t e r  c o n t a i n i n g  g 

Serum and muscle concentrations of creatinine, methylguanicline and guanidine in 2 normal dogs and in 7 dogs on the 3rd day of anuria 
following the ligature of the ureters 

Creatinine Methylguanidine Guanidine 
Serum Muscle Serum Muscle Serum Muscle 
(mg/100 ml) (rag/100 g) (mg/100 ml) (mg/100 g) ([xg/100 ml) (txg/100 g) 

Normal 

dog 1 0.60 10.0 
dog 2 0.50 12.2 

Anuric 
dog 1 11.8 19.1 
dog 2 9.8 16.0 
dog 3 19.0 21.0 
clog 4 12.2 24.0 
dog 5 14.0 22.0 
clog 6 9.2 21.6 
dog 7 6.6 11.4 

0.008 0.06 0.8 3.2 
0.010 0.08 1.0 3.5 

0.12 0.29 10.0 14.0 
0.09 0.30 I0.0 17.0 
0.19 0.34 5.5 20.6 
0.23 0.54 6.2 14.8 
0.08 0.20 9.1 28.3 
0.07 0.20 7.5 27.2 
0.05 0.17 10.6 30.3 


