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Die Schwefe ld ioxydbegasung  w/ihrend der  An zu ch t  
und /ode r  die Zugabe yon  Sulfit  scheinen die Phospho-  
ry l ie rung e twas  herabzuse tzen .  Die Ern ied r igung  der  Km- 
Wer t e  fiir die be iden  Subs t r a t e  deu ten  darauf  hin,  dass  
die Phosphory l i e rung  durch  eine unkompe t i t i ve  Hem-  
m u n g  der  Phospho t r ans fe r a se  leicht  ver r inger t  wird  
(Tabelle I). Die E x p e r i m e n t e  tiber A u f n a h m e  und  E inbau  
des T h y m i d i n s  in i n t ak t e  Kolonien  yon  Lemna minor L. 
unte r s t i i t zen  die vorgitngig beschr iebenen  Befunde  
(Tabelle II) .  Die Zugabe yon  T h y m i d i n  zur N~Lhrl6sung 
w/ihrend der  Anzuch t  e rh6h t  wohl  die Aufnahme,  n ich t  
aber  den Einbau .  Die Begasung mi t  Schwefe ld ioxyd ver- 
r inger t  die A u f n a h m e  auf Kos t en  des Einbaus .  Diese 
Resu l t a t e  best / i t igen zumindes t  ind i rek t  die Vermutung ,  
dass  den Wasser l insen  eine Thymid ink inase  fehlt .  Durch  
die SO, -Begasung  wird  der  E inbau  yon  T h y m i d i n  signi- 
f ikan t  gehemmt ,  was tei lweise auf eine H e m m u n g  der  
Nukleos idphospho t rans fe rase  zurt ickgefi ihrt  werden  k6nn- 
te. H6here  K o n z e n t r a t i o n e n  als 0,6-0,8 p p m  Schwefel-  
dioxid ve rm6gen  die A u f n a h m e  yon  T h y m i d i n  kurz- 
frist ig zu steigern,  wobei  die W e r t e  in K o m b i n a t i o n  mi t  
einer T h y m i d i n v o r b e h a n d l u n g  weir fiber die 2,45 p M /  
Glied •  (Tabelle II) zu liegen kommen.  Es gilt aber  zu 
bedenken ,  dass  die Versuchsorgan i smen  bei max i ma l  
0,6 p p m  SO 2 fiber Monate  kul t iv ie r t  werden  k6nnen  4. 

Schon bei Schwefe ld ioxydkonzen t ra t ionen  um 1 p p m  
s te rben  sie inne r t  Tagesfr is t  ab, so dass die Angabe  yon  
Messwer ten  fragwiirdig erscheint .  Es  wird deshalb  darauf  
verz ichte t .  I m m e r h i n  verweisen sic auf die seit  l angem 
gehegte  Vermutung ,  dass SO 2 vor  allem die ey top lasma-  
t i schen  Membranen  sch~digt  3,13. 

Summary .  As the re  appears  to  be no t h y m i d i n e  kinase 
in duckweed  (Lemna minor L.), t h y m i d i n e  seems to be 
p h o s p h o r y l a t e d  by  a nucleoside phosphot rans fe rase .  
Phosphory l a t i on  and incorpora t ion  are inhib i ted  by  
sulfur compounds  such as sulfur dioxide and  sulfite. The 
d a t a  are discussed in re la t ion to the  physiological  effect  of 
t he  air po l lu t an t  (SO2) on p l an t  life. 
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Concerning the Extraction of Enzymatically Active Organic Matter from Soil 

The mos t  diff icul t  p rob lem in h u m u s  s tudies  is to  avoid 
chemical  a l te ra t ions  dur ing  the  ex t rac t ion  of t he  organic 
m a t t e r  f rom the  soil. Though  humic  subs tances  have  been 
isolated f rom soils by  m a n y  procedures  1-3, the re  are no 
per fec t  e x t r a c t a n t s  for such mater ia ls .  Recen t ly  McLAREN 
et al. 4, by  ana logy wi th  b iochemica l  studies,  have  pos tu-  
la ted  t h a t  any  m e t h o d  for ex t r ac t ing  humic  mater ia l  
leads to  ar t i fac ts  if enzyme  ac t iv i ty  is no t  r e t a ined  in to  
the  ex t rac t .  

Previous  inves t iga t ions  pe r fo rmed  in th is  L a b o r a t o r y  ~ 
have  d e m o n s t r a t e d  t h a t  a 0.1 M p y r o p h o s p h a t e  solut ion 
at  p H  7, a typ ica l  humic  m a t t e r  ex t r ae t an t ,  ex t rac t s  a 
s ignif icat ive f rac t ion of soil urease w i thou t  a p p a r e n t l y  
damag ing  the  ureolyt ic  microorganisms.  

Af te r  incuba t ion  in a Dubnof f  wa te r  b a t h  a t  37 ~ for 
18 h, we have,  wi th  a single p y r o p h o s p h a t e  t r e a t m e n t ,  the  

h ighes t  ex t r ac t ion  of urease (20% of the  to ta l  ex t ra-  
cellular ac t iv i ty  p resen t  in t he  soil) and the  h ighes t  
ex t r ac t ion  of humic  m a t t e r  (31.2% of t he  total) .  

In  order  to  inves t iga te  the  differences a m o n g  the  effect  
of several  procedures ,  in par t i cu la r  on the  yield of 

1 S. A. WAKSMAN, in Humus, Origin, Chemical Composition and 
Importance in Nature (Balliere, Tindall and Cox, London 1936). 

3 M. M. KONONOVA, in Soil Organic Matter 2nd edn. (Pergamon 
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Table I. Organic matter, total amino acid-N and urease extracted 

Extracting sohltion Total amino acid-N Urease activity Organic matter 
(~g/g soil) ~ (% of the total content in soil) a) (mg/g soil) b 

Sol. A 218 N.d. 9.28 
Sol. A + USV c 202 1.30 8.60 
Sol. A (double phase) 231 2.77 10.84 
Sol. B 299 N.d. 12.73 
Sol. B + USV 311 N.d. 13.23 
Sol. B (double phase) 275 N.d. 14.70 
Sol. C 351 N.d. 14.94 
Sol. C 4- USV 329 N.d. 14.01 
Sol. C (double phase) 331 N.d. 15.09 
Sol. D 414 20.00 20.20 
Sol. D -t- USV 403 18.00 17.41 
Sol. D (double phase) 350 18.00 16.50 

~The total amino acid-N content was determined adding up the single values, b The organic matter was determined by bichromate oxidation. 
o USV, ultrasonic vibration, a N.d, not detectable. 
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Table 2. Amino acid composition of soil extracts (~xmoles/0.5 g soil) 

EXPERIENTI~. 31/5 

Aminoacids Sol. A Sol. A Sol. A Sol. B SoL B Sol. B S01. C Sol. C Sol. C Sol. D Sol. D 
+ double phase + double phase + double phase + 
USV U S V  USV USV 

Sol. D 
double phase 

Lysine 1.02 0.98 1.38 1.74 1~90 1.38 2.06 2.14 2.08 1.84 2.02 1.36 
Histidine 0.36 0.34 0.48 0.58 0.70 0.70 0.74 0.74 0.94 1.08 0.98 0.90 
Arginine 0.58 0.54 0.56 0.70 0.68 0.74 0.86 0.80 0.84 1.26 1.20 1.00 
Aspartic acid 2.40 2.54 2.34 3.38 3.40 3.28 3.66 3.80 3.70 4.58 4.28 3.92 
Threonine 0.44 0 . 6 0 0 . 7 8  1.10 1.20 0.96 1.04 1.00 1.04 1.66 1.54 1.22 
Serine 0.80 0.76 0.82 0.98 1.08 0.98 1.34 1.28 1.02 1.78 1.36 1.20 
Glutamie acid 1.96 1.16 1.48 2.02 2.16 1.76 2.40 2.14 2.10 2.90 2.68 2.60 
Proline 0.38 0.40 0.70 0.62 0.66 0.58 0.64 0.56 0.72 0.98 0.94 0.82 
Glyeine 1.66 1.58 1.72 2.18 2.24 1.88 2.44 2.12 1.94 2.58 2.32 2.24 
Alanine 0.96 0.86 0.88 1.26 1.30 1.02 1.38 1.24 1.24 1.58 1.58 1.46 
Valine 0.44 0.36 0.32 0.50 0.32 0.40 0.54 0.50 0.44 0.72 0.66 0.60 
Methionine 0.12 0.12 0.12 0.12 0.10 0.12 0.18 0.16 0.18 0.22 0.20 0.20 
Isoleucine 0.26 0.24 0.24 0.32 0.32 0.26 0.34 0.30 0.26 0.42 0.38 0.34 
Leucine 0.34 0.34 0.34 0.48 0.46 0.34 0.46 0.38 0.36 0.66 0.58 0.52 
Tyrosine 0.06 0.06 0.08 0.06 0.04 0.08 0.04 0.04 0.06 0.10 0.10 0.12 
Phenylalanine 0.30 0.30 0.26 0.34 0.34 0.28 0.24 0.28 0.30 0.34 0.36 0.32 
Glucosamine 0.30 0.34 0.64 0.56 0.62 0.52 0.60 0.50 0.88 0.70 0.68 0.76 
Galactosamine 0.22 0.26 0.36 0.48 0.42 0.34 0.48 0.38 0.46 0.54 0.50 0.52 

�9 The aminoacids were released from the extracts by boiling with 6 N HC1 at 110~ for 24 h. The solutions were analyzed in an automatic 
amino acid analyzer (Beckman Mod. 121). 

e n z y m e  a c t i v i t y  and  a m i n o  acids  in t he  ex t r ac t s ,  we 
p l a n n e d  a set  of e x p e r i m e n t s  wi th  a c o m b i n a t i o n  of 
phys i ca l  a n d  chemica l  s teps .  

Material  and methods. More de ta i led  i n f o r m a t i o n  a b o u t  
the  selected soil, t h e  e x t r a c t i o n  p rocedure  and  d e t e r m i n a -  
t ions  of e x t r a c t e d  a n d  to t a l  ex t r ace l lu l a r  u rease  a c t i v i t y  
h a v e  a l r ead y  been  r e p o r t e d L  T h e  so lu t ions  used,  bes ides  
0.1 M p y r o p h o s p h a t e  a t  p H  7.1 (sol. D), c o n t a i n e d  the  
fol lowing c o m p o u n d s  : 0.1 M p h o s p h a t e  buf fe r  p H  7.1, 2 M 
guan id in e  hydroch lor ide ,  2 M NaC1, 0.05 21// N a 2 E D T A  , 
0.05 M Na  2 oxa la t e  and  0.4~o po lyv iny lpy r ro l idone .  
Since t h e  so lu t ion  c o n t a i n i n g  all t h e  a b o v e - m e n t i o n e d  
s u b s t a n c e s  h a s  a h i g h  inh ib i t i ng  effect  on comme rc i a l  
u rease  (from Merck), we e l i m i n a t e d  a c o m p o n e n t  for 
eve ry  so lu t ion :  sol. A (-Na 2 E D T A ) ,  sol. B ( -NaC1)a nd  
sol. C ( -guanid ine  hydrochlor ide) .  

Th e  p e r c e n t  of inh ib i t ion ,  ca lcu la ted  f rom d e t e r m i n a -  
t ion  of t h e  a c t i v i t y  of c o m m e r c i a l  u rease  d issolved 
e i ther  in p h o s p h a t e  buf fe r  or in t h e  d i f fe rent  solut ions ,  
was  20, 15 an d  14~o for t he  A, ]3 a n d  C so lu t ions  respec- 
t ive ly ;  no inh ib i t i on  occurred  in p y r o p h o s p h a t e .  W e  m u s t  
unde r l i ne  t h a t  t h e  effect  on t h e  e x t r a c t e d  soil e n z y m e  
m a y  be lower t h a n  on t he  c o m m e r c i a l  u rease  because  
t he  soil e n z y m e s  are cons ide rab ly  more  r e s i s t a n t  to t he  
p h y s i c a l  ag en t s  s, 7. 

Three  d i f fe ren t  e x t r a c t i o n  p rocedures  were pe r fo rme d  
w i t h  t h e  so lu t ions  A, B, C a n d  D. I n  t he  f i rs t  one, t h e  
a b o v e - m e n t i o n e d  so lu t ions  were added  to  t h e  soil 
w i t h o u t  a n y  t r e a t m e n t .  The  second  p rocedure  inc luded  a 
20-rain t r e a t m e n t  by  u l t r ason ic  v i b r a t i o n s  a t  t he  begin-  
n ing  of t h e  ex t r ac t ion ,  in order  to i nves t i ga t e  if t he  h i g h l y  
d i s r u p t i n g  effect  of u l t r a son ic  waves  on soil micro-  
s t r u c t u r e  m a y  s u b s t a n t i a l l y  i m p r o v e  t he  yield of e n z y m e  
ac t iv i ty .  Th e  t h i rd  p rocedure  was  dev ised  to  a sce r t a in  if a 
c o n t i n u o u s  r e m o v a l  of i ron a n d  a l u m i n i u m  f rom the  
so lu t ion  d u r in g  e x t r a c t i o n  m a y  affect  t he  release process  
of u rease  a c t i v i t y  f r om soil. Such  a p rocedure  was  carr ied 
ou t  ' in  double  phase ' ,  b y  p lac ing  an  ident ica l  v o l u m e  of 
ace ty l ace tone  in benzene  (5:95 v /v)  u p o n  t he  a q u e o u s  
layer.  I r o n  a n d  a l u m i n i u m  are eas i ly  che la ted  b y  ace ty l -  
ace tone  a n d  soluble a n d  e x t r a c t a b l e  as complexes  in t he  
non -po la r  phase ,  and  so are r e m o v e d  f rom the  so lu t ion  s. 

Results and discussion. The  d a t a  r epo r t ed  in Tab le  I 
show t h a t  p y r o p h o s p h a t e  e x t r a c t s  t he  g rea t e s t  q u a n t i t y  of 
urease,  organic  m a t t e r  a nd  t o t a l  a m i n o  ac id-N f rom soil. 
Also t he  va lue s  r epor t ed  in Tab le  I I  for t he  in id iv idua l  
e x t r a c t e d  a m i n o  acids  are h ighe r  t h a n  for o the r  solut ions ,  
w i t h  few except ions .  N e i t h e r  t h e  use  of u l t r a son ic  v ibra -  
t ion,  nor  of t he  double  phase ,  increases  t h e  yield ex t rac -  
t ion  by  p y r o p h o s p h a t e .  

B y  c o m p a r i n g  t he  va lue s  r epo r t ed  for the  4 e x t r a c t i n g  
so lu t ions  in Tab le  I, i t  is poss ible  to  see t h a t  t he r e  is no 
re la t ion  be tw e e n  e x t r a c t e d  u rease  a n d  t o t a l - a m i n o  
ac id-N or organic  m a t t e r  con ten t s .  I n  fact ,  while t h e  
va lues  of t he  release of t o t a l  a m i n o  ac id-N a n d  organic  
m a t t e r  are a lw a ys  c o m p a r a b l e  for all t h e  so lu t ions  tes ted ,  
t he  u rease  is e x t r a c t e d  in va lua b l e  q u a n t i t i e s  on ly  b y  
p y r o p h o s p h a t e .  Two d i s t i nc t  inferences  arise f rom these  
resu l t s  : t he re  is no def in i te  re la t ion  b e t w e e n  e x t r a c t i o n  of 
e n z y m a t i c a l l y - a c t i v e  c o m p l e x  a n d  t h e  q u a n t i t y  of 
e x t r a c t e d  t o t a l  a m i n o  ac id -N a n d  also organic  m a t t e r ;  
in order  to  r e m o v e  w i t h  a s ingle e x t r a c t i o n  a s ign i f i can t  
a m o u n t  of u rease  a c t i v i t y  f r om the  soil, on ly  p y r o p h o s -  
p h a t e  so lu t ion  a t  p H  7.0, a t yp i ca l  e x t r a c t a n t  of the  organic  
m a t t e r ,  a ppe a r s  to be  effective.  

I n  a p rev ious  p a p e r  5, we showed  t h a t  t he  e x t r a c t i o n  of 
n o n - a c t i v e  organic  m a t t e r  b y  p y r o p h o s p h a t e  precedes  t he  
e x t r a c t i o n  of t h e  u rea se -o rgano-complex .  T h e  dif ference 
be tw e e n  e x t r a c t i o n  e f f ec tua l i t y  of t he  d i f fe ren t  so lu t ions  
A, B, C a n d  D m a y  de pe nd  on t he  ne c e s s i t y  of a c omp le t e  
e x t r a c t i o n  of t h e  bu lk  of n o n - a c t i v e  organic  m a t t e r  before  
t he  release of e n z y m a t i c a l l y  ac t ive  c o m p l e x  can  s ta r t .  
The  e x t r a c t i o n  of u rease  a c t i v i t y  f r o m  the  soil h a s  been  
r epo r t ed  to  occur  in d i f fe ren t  s t eps  9-11. 
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Riassunto. Una  soluzione di p i rofosfa to  sodico 0,1 M a 
p H  7 estrae da  un  podzol,  r i spe t to  ad al tre  soluzioni 
impiega te  la maggiore  quanti t& di ureasi,  sos tanza  
organica ed azoto aminoacidico.  N6 l 'uso degli u l t rasuoni  
n6 la tecnica  ~dn doppia  fase~L in presenza  di una  soluzione 
di acet i laeetone al 5% in benzene,  migl iorano la resa di 
estrazione.  I r i su l ta t i  s embrano  confermare  l ' ipotes i  che 
oecorra una  comple ta  r imozione  della sos tanza  organica 

non a t t iva ,  p r ima  che possa iniziare l ' es t raz ione dei 
complessi  en z i ma t i camen t e  at t ivi .  

p .  NANNIPIERI, S. CERVELLI and F. PEDRAZZINI 

Laboratorio per la Chimica del Terreno del C .N.R . ,  
Via Corridoni 78, 1-56700 Pisa (Italy), 6 January  7975. 

~ b e r  d i e  H e m m u n g  b a k t e r i e l l e r  N e u r a m i n i d a s e n  d u r c h  v e r s c h i e d e n e  A n i o n e n  

I n h i b i t i o n  o f  B a c t e r i a l  N e u r a m i n i d a s e s  b y  D i f f e r e n t  A n i o n s  

Neuramin idasen  (EC 3.2.1.18) vieler pa thogene r  Mikro- 
o rgan ismen spielen im P a t h o m e c h a n i s m u s  yon  Infekt ions-  
k rankhe i t en  eine wicht ige  Rolle 1. Ihre  Aktivit~it l&sst 
sich in v i t ro  durch  verseh iedene  F a k t o r e n  beeinflussen.  
So akt iv ieren  e twa Ca-Ionen manche  Neuraminidasen2,  a 
und  Ca-KompIexb i ldne r  wie E D T A  inak t iv ie ren  sie ~. 
Die E n z y m h e m m u n g  durch  s t ruk turana loge ,  nieder-  
molekulare  N-Acylneuramins~iure-Verbindungen,  wie sie 
besonders  yon  TuPPY et  al. 5-s s tud ie r t  wurden,  erfolgt  
teils als kompet i t ive ,  teils aber  auch  als n i ch t -kompe t i t i ve  
H e m m u n g .  Eigene  U n t e r s u c h u n g e n  an Clostridium 
per/ringens-, Pasteurella rnultocida- und  Vibrio comma- 
Neuramin idase  zeigten,  dass  H20  2 in sehr  n iederen  Kon-  
zen t ra t ionen  zu einer E r h S h u n g  der  Enzymak t i v i t X t  
f i ihrt  9 und  auch mi t  Thioglykol  liess sich Pasteurella 
multocida-Neuraminidase akt iv ie ren  1~ Schliesslich be- 
sehrieb auch  DRZENIEK I1 eine H e m m u n g  einiger Neura-  
min idasen  durch  Polyanionen .  

Die vor l iegende U n t e r s u c h u n g  besch~f t ig t  sich mi t  der  
Beeinf lussung der  Neuraminidase-Aktivit~Ls durch  einige 

Anionen,  die z.T. physiologische Bedeu tung  besi tzen.  In  
Figur  1 ist die Enzymakt iv i t&t  der schon e twas  in tens iver  
un t e r such t en  Cholera-Neuraminidase  vergl ichen mi t  den 
erst  kiirzlich neu beschr iebenen  Neuramin idasen  yon  
Streptococcus viridans, Erysipelothrix insidiosa und  Pa- 
steurella multocida ~ in Abh/ingigkeitc der  Konzentra~cions- 

t H. E. MOLLER, Dr. med. Wschr. 99, 1933 (1974), 
2 R. DRZENIEK, Curr. Topics Microbiol. Immun. 59, 35 (1972). 
3 H. E. MOLLER, Behring Inst. Mitt. 55, 34 (1974). 
4 T. A. C. BOSCHMAN und J. JACOBS, Biochem. Z. 342, 532 (1965). 

P. M~I~DL und H. TuPPY, Hoppe Seylers Z. physiol. Chem. 350, 
1088 (1969). 

s p. MEI•DL und H. TuPPY, IVfonatsh. Chem. 70,t, 402 (1973). 
7 p. MEINDL, G. BODO, P. PALESE, J. SGHULMAN und H. TuPPY, 

Virology 58, 457 (1974). 
s A. YA. I{HORLIN, I. M. PRIVALOVA, L. YA. ZAKSTELSKAYA, E. V. 

MOLIBOG und N. A. EVSTIONEEVA, FEBS-Lett. 8, 17 (1970). 
9 H. E. M~LLER und K. K. SETHI, Experientia 28, 397 (1972). 

10 H. H. MOLLER, Zbl. Bakt. Hyg., I. Abt. Orig. A 217, 326 (1971). 
11 R. DRZE~IEK, Nature, Lond. 211, 1205 (1966). 

[% 

100 

80 

60 

40 

20 

max] N o - p y r u v a t  pH 6,5 

3 
C 

[% E max] N a - c i t r a t  
) 

60 \ .  
.X 

2O 

# . . . . .  ~ a, , , , 

0 4 8 16 31 53 125 250 500 [mN] 0 0.5 1 2 4 8 15 31 

C 

53 125 250 500[mi,4] 

[% E max ]  N a - o x a [ a t  pH 6,5 

100 

80 

60 

40 

20 

[ % E m a x ]  Na2-EDTA pH 6,5 ~ o - - -  
V. comma 

.V 

80 S . v i r i dans  

~ \L2  
40 E . i n s i d i o s a  

2O 

> H ~ P. muJtocida 
0 4 8 16 31 63 125 [mM] 0 2 5 g 19 38 75 150 [mM] 

Fig. 1. Der Einfluss von Natrium-Pyruvat, -Citrat, -Oxalat und -EDTA in verschiedenen Konzentrationen auf die Neuraminidase-Aktivit~it 
von Vibrio comma, Streptococcus viridans, Erysipelothrix insidiosa und Pasteurella multocida. 


