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MgCI~; I C D H  was bes t  ac t iva ted  by  NaC1 (0.1-0.4 M), and  
it was bes t  p ro t ec t ed  by  MgCI~. On the  o the r  hand,  GDH,  
ME and CS were max ima l ly  ac t iva ted  by  KC1; a t  low 
concen t ra t ions  CaC12 and MgC12 were efficient  ac t iva tors ,  
bu t  t h e y  caused a re la t ive  inh ib i t ion  over  0.05 M. 
On the  basis of the  expe r imen ta l  d a t a  described,  we suggest  
t h a t  GDH,  ME and  CS, bu t  no t  the  o the r  enzymes  
s tudied  here, require  for m a x i m a l  ac t iv i ty  the  s tabi l iza t ion  
of hyd rophob ic  bonds  by  monova l en t  cat ions  a t  concent ra-  
t ions  h igher  t h a n  1M, the  d iva len t  cat ions  being in- 
effect ive for th is  purpose.  

I t  is diff icul t  to ascer ta in  a t  p re sen t  the  rote of the  
d iva len t  cat ions  in the  m a i n t e n a n c e  of t he  na t ive  s t ruc tu re  
of halophi l ic  enzymes  in vivo.  The in t racel lu lar  concent ra-  
t ions  of K+ and  Na + are u n d o u b t e d l y  much  h igher  t h a n  
those  of Mg++ and  Ca++, bu t  the  concen t ra t ions  of the  
l a t t e r  cat ions  requi red  for ac t iva t ion  are cons iderably  
lower. Moreover,  p re l imina ry  exper iments ,  no t  shown 
here, d e m o n s t r a t e  t h a t  MgCI~ or CaCle, a t  0.1 M, can 

Table  I I .  S tab i l iza t ion  of halophi l ic  enzymes  by  d iva len t  and mono- 
valent cation salts 

GDH MDH ME ICDH GluDH AAT CS 

Basa l  0.1 0.4 3.7 < 0.1 < 0.1 5 < 0 . 1  

CaCle 1140 360 27 5.6 8 50 0.5 

MgCI~ 2460 220 40 66 9 125 0.2 

NaC1 960 450 310 10 5400 350 145 

KC1 3240 75 180 3.3 132 120 53 

The experiments were performed at 30~ as described in ref) a. The 
basal NaC1 concentration was 0.1M, except for CS (0.2M). The pro- 
tein concentrations in the preincubation mixtures (~g/ml) were, res- 
pectively: GDH, 158; MDH, 54; ME, 336; ICDH, 186; GluDH, 52; 
AAT, 83; and CS, 20. The salt concentrations tested as protectors 
were 0.4M Me + or Me ++ (AAT), or 1M Me + or 0.1M Me ++ for the other 
enzymes. The half-life values (in rain) obtained from semilogarithmic 
plots of remaining activity vs time of preineubation are given as a 
measure of the stabilizing effect of the salts. 

i n t e rac t  w i th  halophi l ic  enzymes  even in the  presence  of 
2.3 M KC1, causing in general  a re la t ive  inhibi t ion.  The 
recen t  r epor t  by  LANYI and SILVERMAN 10 on the  s t a t e  
of t he  in t racel lu lar  cat ions  in H. cutirubrum m a y  be 
re levant  to th is  p roblem.  They  showed tha t ,  whereas  I(+ 
seems to be free inside the  cell, Mg ++ is bound,  p ro b ab ly  
to b o t h  the  m e m b r a n e  l ipids and the  acidic pro te ins  n 
p resen t  in ex t reme  halophiles.  The poss ibi l i ty  canno t  be 
excluded,  then,  t h a t  d iva len t  cations,  ma in ly  Mg++, 
migh t  pa r t i c ipa te  in the  ac t iva t ion  and  s tabi l iza t ion of 
halophi l ic  enzymes  in vivo. 

Resumen. Siete enz imas  pa rc ia lmente  pur i f icadas  de la 
bac te r ia  haldfi la  ex t r ema  Halobaeterium 6ut~rubrum fueron 
act ivadas ,  y la mayor ia  de ellas pa rc i a lmen te  estabi l iza-  
das, p o t  concent rac iones  de Ca ++ o Mg ++ has t a  0.4 21//-. E n  
algunos casos las sales de cat idn d iva len te  fueron m~s 
eficaces que el C1Na o el C1K. Se d i scu ten  los resul tados  en 
relacidn con la posible  par t ic ipac idn  del escudado de 
cargas y del refuerzo de uniones h idrofdbicas  en el 
m a n t e n i m i e n t o  de la e s t ruc tu ra  nat iva ,  y con el posible 
papel  del Mg ++ in vivo en la ac t ivac idn  y estabi l izacidn de 
enz imas  halofflicas. 
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Lipid MetaboIism in Suckling Rats with Fatty Liver Induced by Hypoxia 

Previous  s tudies  have  shown a f a t t y  l iver degenera t ion  
in b a b y  ra ts  born  and  kep t  a t  3990 m above sea level or 
s u b m i t t e d  to  a s imula ted  a l t i tude  of abou t  4600 in since 
1-day-old. A depress ion of oxygen  consumpt ion  was 
observed in these  chronic  hypox ic  suckl ing ra ts  ~ and  the  
suggest ion m a d e  t h a t  i t  could be due to  decreased t issue 
oxidat ion.  This  would impai r  l ipid ut i l izat ion,  which  could 
resul t  in f a t t y  l iver  degenera t ion .  To fu r the r  inves t iga te  
th is  hypothes i s ,  p l a sma  and l iver to ta l  l ipids and blood 
f l - hyd roxybu ty r a t e  and  ace toace ta t e  levels were measu red  
in normal  and  in chronica l ly  hypox ic  ra t s  which were 
e i ther  sacrificed immed ia t e ly  af ter  removal  f rom the  
hypobar i c  cham be r  or kep t  a t  sea level pressure  for 8 to 
48 h before being sacrificed. 

Material and methods. Li t t e r s  of Sprague-Dawley  ra ts  
were reduced  to  10 ra ts  a t  1 day  of age. Some l i t ters  were 
kep t  a t  sea level pressure  a s  controls.  The o thers  were 
placed wi th  the  m o t h e r  in a hypoba r i c  chambe r  m a i n t a i n e d  
at  a s imula ted  a l t i tude  of abou t  4600 m. The c h a m b e r  was 
opened every  o the r  day  to  clean, replace food and  water ,  
and weight  the  l i t ter .  

The hypox ic  and  control  ra t s  were decap i t a t ed  and  the  
blood was collected in a hepar in ized  container .  The p lasma  
sample  was ob ta ined  by  cent r i fuging the  blood in micro-  
h e m a t o c r i t  tubes.  Since the  a m o u n t  d~iblood ob ta ined  
f rom each r a t  was too small  to  p e r m i t ' m e a s u r e m e n t  of 
bo th  ace toace ta te  and  f l -hydroxybutyra te ,  a d i f ferent  
an imal  was used for each measuremen t .  Tota l  l ipids in 
p l a sma  and  in l iver  were m e a s u r e d - i n  each rat .  Aceto-  
ace ta te  and  f l -hydroxybu ty ra t e  levels in the  blood were 
d e t e r m i n e d  using the  enzyma t i c  m i c r o m e t h o d  descr ibed 
by  W~LDEN~OFF 2. The s t anda rds  used in t h e  m e t h o d  were 
sodium /%hydroxybutyra te ,  which  was recrysta l l ized 
twice,  and  l i th ium acetoaceta te ,  which  was p repa red  
according to  the  m e t h o d  descr ibed b y  HALL s. Tota l  
p l a sma  lipids were measured  by  using the  E. Merck Total  
Lipid t e s t  kit. Total  l ipids in l iver were de t e rmined  by  a 

1 I-t. CHIODI, Am. J. Physiol .  278, 92 (1970). 
g K. 2 .  WILDENHOFF, Scand. J.  clin. Lab. Invest .  25, 171 (1970). 

g .  M. HALL, Analy t .  Biochem. 5, 75 (1962). 
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Table I. Blood//-hydroxybutyrate, plasma total lipids and liver total lipids in suckling rats kept at a simulated altitude of about 4600 m 
since 1-day-old 

Condition No. of Age in days Time outside Body wt. Blood~-hydroxy-Plasma tdtal Liver.total Her 
animals at death chamber (g) butyrate lipids lipids (~ 

before death (i~mole/100 ml) (rag/100 ml) (0/0 wet wt.) 
(h) 

Chronic hypoxia 10 12 0 14.3 i 0.4~ 121.0 4- 13.8 1660 ~ 152 10.6 i 0.9 41.6 4- 0.8 
Chronic hypoxia 10 11 8 14.9 4- 0.4 143.3 4- 11.4 1103 4- 50 7.4 ---~ 0.7 52.6 ~_ 0.8 
Chronic hypoxia i0 12 24 17.3 4- 0.7 168.8 4- 15.8 1029 4- 84 5.0 4- 0.9 46.9 4- 1.0 
Chronic hypoxia 3 3 48 18.7 -L 0.9 90.9 ~ 17.3 970 4- 138 7.4 4- 0.6 56.4 4- 0.4 
Controls 10 12 0 21.3 ~: 0.3 131.4 ~ 7.4 b 531 4- 13 3.4 :~ 0.08 35.1 4- 0.3 

a Standard error of the mean. b 9 animals. 

me thod  previous ly  described4. All of t he  ra t s  had  s tom-  
achs full of mi lk  when  t h e y  were sacrificed. The 
presence  of exogenous l ipids seemed undes i rable  in the  
p resen t  s tudy,  b u t  t he  rap id  mobi l iza t ion  of l ipids f rom 
the  l iver and the  increased p roduc t ion  of ke tone  bodies  
toge ther  wi th  a progress ive  d e h y d r a t i o n  exper ienced  by 
b a b y  ra ts  when  fas ted  for even a few hours  induced  us 
to use contro l  and exper imen ta l  animals  under  s imilar  fed 
condi t ions .  

ResulZs. As shown in Tables  I and II ,  t he  to ta l  l ipids in 
p l a sma  and l iver in chronical ly  hypox ic  ra t s  are grea ter  
t h a n  those  in contro l  ra t s  of t he  same age (p < 0.001). 
A 12-day-old control  l i t ter  (Table I) is used for cont ro l  
values. 

In  hypox ic  ra t s  r e t u rned  to  sea level pressure  for 8 h 
before collecting samples,  t he  to ta l  l iver  l ipids were 
s ignif icant ly  lower t h a n  in hypox ic  ra t s  sacrif iced 
immed ia t e ly  af ter  removal  f rom the  chamber  (p < 0.02), 
b u t  still  s ignif icant ly  h igher  t h a n  in control  ra t s  (p < 
0.001). Liver  l ipids in hypox ic  ra t s  r e tu rned  to  sea level 
for 24 h were no t  s ignif icant ly  d i f ferent  f rom the  controls  
(p > 0.10). Ill the  48-hour l i t ter ,  4 d ied in t he  chamber ,  
3 died dur ing the  f irs t  24 h a t  sea level pressure  and  3 
survived 48 h outs ide  the  chamber .  I t  seems t h a t  in the  
3 la t t e r  animals  the  l iver funct ions  were a l ready impai red  
to  such a degree t h a t  recovery  under  the  inf luence of 
normal  oxygen  pressure  was no longer possible.  This 
could expla in  the  h igher  level of l iver l ipids and  the  low 
/~-hydroxybutyra te  values  in these  ra t s  compared  wi th  
those  found  in the  hypox ic  ra t s  kep t  24 h a t  sea level 
pressure  before being sacrificed. 

In  the  hypoxic  rats ,  ~ - h y d r o x y b u t y r a t e  values were no t  
s ignif icant ly  d i f ferent  f rom those  of the  controls  (Table I), 
b u t  when  the  hypox ic  ra t s  were kep t  24 h a t  sea level 
pressure  before being sacrificed, /3-hydroxybutyra te  
values  increased s ignif icant ly  (p < 0.05) over  those  

found in hypoxic  ra t s  which  were sacrificed immed ia t e ly  
af ter  r emova l  f rom the  chamber .  

In  the  hypox ic  rats ,  ace toace ta te  mean  values were no t  
s ignif icant ly  d i f fe rent  f rom values found in the  control  
ra ts  of abou t  t he  same age (p > 0.10; Table  II).  The 

/ ~ - h y d r o x y b u t y r a t e :  ace toace ta te  ra t io  decreased f rom 
3.4 in the  controls  to 2.7. in t he  hypox ic  suckling rats,  
or a 21% decrease.  

Discussion.  Confirming previous  f indings 4, chronic 
h y p o x i a  due to  a s imula ted  a l t i tude  of 4600 m induced  
hyper l ipemia  and  f a t t y  l iver in suckling rats ,  which were 
ma in t a ined  under  hypoxic  stress for 10-11 days. begin- 
n ing at  t he  age of 1 day.  

No s ignif icant  differences in ~ - h y d r o x y b u t y r a t e  or 
ace toace ta te  levels in t he  blood were observed be tween  
hypox ic  and contro l  r a t s  of the  same age. W h e n  the  
hypox ic  ra t s  were r e tu rned  to sea level pressure  for 8, 24 
and  48 h pr ior  to  sacrifice, the  levels of to ta l  l ipids in 
p lasma  and l iver decreased signif icant ly.  The to ta l  l iver  
l ipids fell to  normal  values in t he  l i t t e r  kep t  for 24 h a t  sea 
level pressure.  This  rap id  decrease in l ipid con ten t  of t he  
hepat ic  cells m a y  be expla ined  on the  basis of an increased 
mobi l iza t ion  of l ipids t oward  ex t ra  hepa t ic  t issues such 
as adipose t issue and/or  an increase in ox ida t ion  of l iver 
l ipids prev ious ly  h indered  by  the  chronic hypox ic  s ta te .  

In  normal  condi t ions  dur ing  the  suckling period,  ra t  
l iver has an increased capac i ty  for f a t t y  acid degrada t ion  
and  ke tone  b o d y  fo rma t ion  5. In  our hypox ic  rats ,  b lood 
ke tone  b o d y  values  r emained  wi th in  the  normal  range.  I t  
seems t h a t  in the  presence  of a low level of l iver  glycogen, 
an abnormal ly  h igh  p lasma,  and  l iver l ipid levels fail to  

4 H. CI~IODI and R. BASS, Fedn. Proc. 28, 1080 (1969). 
E. BAILEY and E. A. LOCKWOOD, Bioehem. J. I2d, 7 (1971). 

Table II. Blood aeetoacetate, plasma total lipids and liver total lipids in suckling rats kept at a simulated altitude of about 4600 m since 
1-day-old 

Condition No. of Age Body wt. Blood aceto- Plasma total Liver total Hct 
animals (days) (g) acetate lipids lipids (%) 

(~zmole/100 ml) (mg/100 ml) (% wet wt.) 

Chronic hypoxia 10 11 13.5 4- 0.4~ 43.7 4- 2.9 1394 4- 97 12.8 4- 0.6 
Controls 10 11 20.9 4- 0.4 37.6 4- 2.5 562 ~_ 17 3.6 :j- 0.04 

44.5 • 0.6 
34.2 ~ 0.3 

a Standard error of the mean. 
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s t imula te  ketogenesis  6, bu t  the  fo rma t ion  of ace toace ta te  
is favored over  t h a t  of f l -hydroxybutyra te .  The decrease 
of the  f l -hydroxybu ty ra t e  : acetoace~ate ra t io  in the  blood 
migh t  be expla ined  on the  basis  of the  low levels of hepa t i c  
glycogen found in our hypox ic  ra t s  ~. 

There  is a s ignif icant  increase in f l -hydroxybu ty ra t e  
blood levels in hypox ic  ra t s  when  r e tu rned  for several  
hours  a t  sea level before being killed. This increase could 
be due to the  sudden  remova l  o f  the  depressan t  effect  of 
hypox ia  on l ipid oxidat ion.  The rap id  increase in to ta l  

6 A. WHITE, P. HANDLER and E. L. SMITH, Principles o/Biochemis- 
try (McGraw-Hill Book Co., New York, 1968). 

7 H. CHIODI and Z. V. BACA, Revta Soc. Argent. Biol. 39, 69 (1963). 
s Present address: Saint Joseph Medical Center, Puhnonary Func- 

tion Department, 501 South Buena Vista, Burbank (California 
91505, USA). 

9 Program Project Grant No. H. E. 06285. 

oxygen consumpt ion  found in hypox ic  b a b y  ra ts  when  
swi tched  f rom a low to  a normal  oxygen  e n v i r o n m e n t  ~ 
could be due to the  sudden  increase in the  ox ida t ion  rate.  

Zusammenfassung.  Versuche fiber die Anre icherung  
yon  Lip iden  in der  Leber  und  im Serum hypox i sch  ge- 
hall:ener Ra t t en ,  die zeigen, dass auch  bei Sauerstoff-  
Mangelzust/~nden des Menschen die L ip idanre icherung  
zur Versch lech te rung  der  S i tua t ion  be i t ragen  k6nnte .  

H. CHIODI s and  S. WI-IITMORE 9 

Department o/Ergonomics,  University o/Cali fornia,  
Santa Barbara (California 93706, USA)  and 
Cardiovascular Research Institute, University of 
California, San Francisco (California 94122, USA) ,  
2 October 797,3. 

HyS als Schwefelquelle bei L e m n a  m i n o r  L.: Einfluss auf das Wachstum, 
den Schwefelgehalt und die Sulfataufnahme 

H6here  Pf lanzen  sind in der  Lage, neben  Sulfat  eine 
gauze Reihe  von Verb indungen  zur Deckung  ihres Schwe- 
felbedarfs  5e ranzuz iehen  1,=. In  d iesem Z u s a m m e n h a n g  
fehlen im Gegensatz  zu Schwefeldioxid  e ingehende  
U n t e r s u c h a n g e n  fiber Schwefelwasserstoff ,  obschon grfine 
Pf lanzen  ganz al lgemein an S t a n d o r t e n  wie z.B. sulfid- 
ha l t igen  B6den a, f lachen Seen und Teichen 4, vulkani-  
schen Gebie ten  5 U m g e b u n g e n  yon Schwefelquellen6 und  
Gebie ten  in der  N/ihe yon  emi t t i e r enden  Indus t r ie -  und  
Gewerbebe t r ieben  7 d a m i t  in ]3eriihrnng kommen .  Lem-  
naceen  im speziellen wachsen  oft  auf Teichen, wo sich 
Schwefelwassers toff  nachweisen  lgsst  s. Es  s te l l t  sich hier  
natf ir l ich in ers ter  Linie die Frage  nach  der  Res i s tenz  
gegen die als Zellgift  a l lgemein b e k a n n t e  Ve rb indung  und 
deren Einf luss  auf  das "vVachstum. Daneben  in teress ier t  
vor  allem die Beeinf lussung des Schwefe lhanshal t s .  

Material und Methoden. Lemna minor L., Stature 
Nr. 6580 der  L e m n a c e e n s a m m l u n g  y o n  LANDOLT 9, wird  
auf 30 ml  N~hrl6sung (H8 a0) in 150 ml E r l enmeye rko lben  
mi t  W a t t e s t o p f e n  auf weisser  Un te r l age  bei  3000 Lux  
(Dauerbe leuchtung  mi t  F luoreszenzr6hren  Phi l ips  TL 33), 
einer T e m p e r a t u r  yon  25 • 1 ~ und  einer re la t iven  Luf t -  
fencht igke i t  yon 65-80% asept isch  kul t ivier t .  Zur  Er-  
mi t t l ung  der  COz-Fixierungsrate  d ien te  das yon ERIS- 
MANN 11 entwickel te  Sys t em ffir Gaswechselmessungen,  
in welchem die COy-Konzent ra t ion  mi t  e inem Urns ge- 
messen  wird.  Ffir die vor l iegende Arbe i t  wurde  es mi t  
e inem HyS-Analysa tor  (Jonoflux,  H a r t m a n n  und  Braun,  
Frankfur t ) ,  erg~inzt. 

Die W a c h s t u m s v e r s u c h e  wurden  auf einer speziell  ffir 
Lemnaceen  gebau ten  W ach s t u ms an l ag e  12 durchgeff ihr t .  
Die spezifische W a c h s t u m s r a t e  ~m wurde  d u t c h  Aus- 
zghlen der Glieder auf  vergr6sser ten  pho tog raph i schen  
Negaf iven  e rmi t t e l t  : 

(t in Tagen). 

In Gliederzahl ty-ln GliederzahI t 1 

tz-t 1 

Zur Dosierung des HyS diente  ein Dif fus ionsverfahren  
durch  einen GummischlauchaY. Die Sulfat-  und  Gesamt-  

1 M. D. T~OMAS in Encyclopedia of Plant Physiology (Ed. W. Rye- 
LAND; Springer, BeNin 1958), col. 9, p. 37. 
R. J. ELLIS, Planta 88, 34 (1969). 

a H. WALTER, Vegetation der Erde (Fischer, Jena 1968), vol. 3. 
4 V. CZVRDA, Zbl. Bakt. 103, 285 (1941). 
5 K. GARBER, Lu]tverunreinigungen und ihre Wirkungen (Borntr~iger, 

Berlin-Nikolassee 1967). 
6 A. SCHATZ, Bryologist 58, 113 (1955}. 
7 H. C. MOLLER, Arb. Landw. K. Sachsen 73, 93 (1913). 
s K. W. KIJCHAR, Arch. Hydrobiol. 49, 329 (1954). 

E. LANDOLT, Ber. Schweiz. bot. Ges. 67, 271 (1957). 
~ K. H. ERIS~IANN und A. FINGER, Ber. Schweiz. hot. Ges. 78, 5 

(1968). 
11 K. H. ERISMANN, Hahilitation Universit~t Bern (1969). 
12 K. H. EI~ISMANIq und CHR. BRUNOLD, Bet. Schweiz. bot. Ges., im 

Druek. 

Spezifische Wachstumsrate, mittleres Trockengewicht pro Glied und Sehwefelgehalt von Lemna minor bei Kultivierung mit verschiedenea 
Schwefelquellen 

SchwefelquelIe Spezifische Mittleres Totalschwefei b Sulfatschwefelb Sulfidschwefel 
Wachstumsrate a Trockengewicht (mg/g (mg/g (mg/g 
(~tm) pro Glied b ( r a g )  Trockengewicht) Trockengewicht) Troekengewieht) 

4 • 10 .4 M SO4~- 0,457 =L 0,011 0,091 j= 0,004 2,42 q= 0,12 0,50 =L 0,02 -- 
6 ppm HyS 0,379 i 0,014 0,081 ~ 0,004 6,54 i 0,43 4,50 :~ 0,17 0,032 =L 0,002 
4 • 104 M SOn 2 6 ppm HaS 0,392 ~ 0,010 0,084 :t_ 0,003 6,7 =t= 0,41 4,58 j= 0,19 0,029 =t= 0,002 

5 Bestimmungen vom 7.-13, 13.-17, 17.-24., 24.-30. und 30.-36. Kultivierungstag. b 4 Bestimmungen am 10., 18., 25. und 36. Kultivierungs- 
tag. 


