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S O L U B I L I Z A T I O N  OF I N S O L U B L E  MA TTER IN NATURE* 

II. T H E  PART PLAYED BY SALTS OF ORGANIC AND INORGANIC ACIDS 

OCCURRING IN NATURE 

by 

I N E S  MANDL, A M E L I E  G R A U E R  .aND CARL N E U B E R G  

Department o[ Chemistry, Polytechnic Institute of Brooklyn, N.Y., and Department of Biochemistry, 
New York Medical College, New York, N.Y.  (U.S.A.) 

In part I of this series the general significance of the problem of solubilization for 
processes occurring in nature has been discussed and the special part  played by adeno- 
sine triphosphate has been described 1. At neutral or slightly alkaline pH and under 
physiological conditions of temperature, insoluble organic and inorganic compounds are 
solubilized by the soluble salts of a large number of inorganic and organic acids. From 
a biological point of view it is noteworthy that  these materials also prevent precipitation 
of many nearly insoluble substances. 

We have shown 2 that  the number of these solubilizing substances--hereaf ter  
designated as "solvents"- - i s  considerable. In this paper we shall conchntrate on typical 
compounds which occur in nature. The number of these "solvents" could be increased 
enormously as analogous compounds are widely distributed. The range of materials to 
be solubilized--hereafter designated as "subs t ra tes"- -seems unlimited. 

To get an idea of the effects involved we shall report the behaviour of "solvents" 
selected at random: Pyrophosphates, triphosphates, metaphosphates, ribonucleates, 
desoxyribonucleates, a- and fl-glycerophosphates, hexosemono- and di-phosphates, 
Dg-lactates, D-glucuronates, D-galacturonates, D-gluconates, pyruvates, tartrates,  
malates, ascorbates, chondroitinsulfates, isocitrates and salts of glucosaccharic and 
mucic acid. Besides the alkali salts of metaphosphoric acid, salts with ethylene-diamine, 
ethanolamine, dimethylamine and ammonium salts were also investigated. In the case 
of pyrophosphate the bis-trimethylamine-disodium salt has been used as well. 

To prove that  more than simple cation exchange takes place experiments were de- 
vised showing the solubilization of insoluble Mg salts in Mg salts. MgCO3 and Mg3(P04)2 
were dissolved, or their precipitation prevented, by addition of Mg-glycerophosphate, 
Mg-gluconate, Mg-fructose-I,6-diphosphate. 

It  could be shown convincingly that,  e.g., a solution of sodium-fructose-6-phosphate 
after having solubilized BaSO 4 or CaCO3 can further solubilize added MgCO 3, MnCO 3, 

* This series of invest igations was suppor ted  by  grants-in-aid from the U.S. Atomic Energy  
Commission and from the American Cancer Society upon recommendat ion  of the Committee on 
Growth  of the Nat ional  Research Council and Federal  Security Agency, Public Heal th  Service, 
Bethesda, Md. This invest igat ion was also aided by  a contract  between the Office of Naval  Research 
and the New York Medical College. 

References p. 566/569. 



VOL. 10 (1953) SOLUBILIZATION OF INSOLUBLE MATTER IN NATURE II 541 

Ca3(P04) 2. This  is of in te res t  for the  e luc ida t ion  of the  na tu re  of the  solubi l izat ion 
phenomena .  Many  of these  " so lven t s "  solubil ize a m m o n i u m  magnes ium phosphate ,  
ca lc ium oxa la te ,  ca lc ium fluoride,  u r a n y l  phospha te ,  uranyl - ,  l a n t h a n u m -  and  cerous 
nuclea tes ,  and  o the r  s imi la r ly  insoluble  compounds .  

The  " so lven t s "  have  been app l i ed  in the  form of the i r  a lkal i ,  a lkal ine  ea r th  or  
a m m o n i u m  sal ts ,  a n d  as  sa l t s  of organic  bases  known to occur  in na tu re .  As " s u b s t r a t e s "  
we have  chosen insoluble  inorganic  sa l ts  and  organic  cell cons t i tuen t s  or metabol i t es .  
Since new examples  of the  pa r t i c ipa t i on  of inorganic  m a t t e r  in biological  processes,  and  
the  impor t ance  even of ra re  e l ements  for t he  course of these  processes are r evea led  dai ly ,  
we have  se lec ted  insoluble  compounds  formed b y  e lements  from all  groups  of the  per iodic  
table .  These  include : ca rbona tes ,  phosphates ,  si l icates,  sulfates,  borates ,  fluorides, fluoro- 
phospha tes ,  chlorides,  iodides,  iodates ,  selenites,  selenates,  te l lura tes ,  sulfites, phosphi tes ,  
arsenates ,  vanada te s ,  chromates ,  mo lybda te s ,  tungs ta tes ,  sulfides, mercapt ides ,  phospho-  
mo lybda te s ,  phospho tungs ta t e s ,  oxalates ,  azides, cyanides ,  th iocyana tes ,  cobal t i -  
cyanides ,  fer rocyanides ,  ferr icyanides ,  pec ta tes ,  alginates,  cel luronates ,  nucleates .  

Ca lc ium-f ruc tose -d iphospha te  (p repared  from Mg f ruc tose - i ,6 -d iphospha te  and  
CaCI~), and  the  ca lc ium sa l t  of humic  ac id  are  solubi l ized b y  severa l  "so lvents" .  The 
same  is t rue  for m a n y  insoluble  sa l ts  oI Y, Zr,  In,  La,  Ce, Pr,  Nd,  Th. 

Pyrophosphoric acid is present in the interesting mineral pyrophosphorite 4 and is frequently 
considered a transformation or cleavage product of complicated organic compounds*. KORNBERG 
AND LINDBERG 5 have demonstrated the enzymic formation of pyrophosphate besides DPN in the 
system ATP-nicotinamide-ribonucleotide. A purely inorganic mother substance of pyrophosphoric 
acid is triphosphoric acid 8 which in turn is related to metaphosphoric acid ~. 

The ability of pyrophosphates to form complexes has been known for a long time. In particular 
soluble double salts of insoluble pyrophosphates and soluble alkali pyrophosphates have been des- 
cribed. An idea of their structure is given by HALDAR s. I t  is possible that the behavior of myosin 
dissolved by Na~P20 ~ (AMBERSON et al. 9) is due to the same phenomenon. KOHN 10 found that the 
solubility of insoluble ferro- and ferri-cyanides in Na4P20 ~ is due to the formation of soluble double 
salts of heavy metal- and sodium pyrophosphates. 

Compara t ive  and  sy s t ema t i c  inves t iga t ions  of the  ac t ion  of the  " so lven t s"  men-  
t ioned  above  on these  " s u b s t r a t e s "  led  to  the  d a t a  t a b u l a t e d  in Tables  I - X X I I I .  

Besides  the  " so lven t s "  inc luded  in the  tab les  the  solubil izing effect of sal ts  of 
g lucosacchar ic  acid,  mucic  acid** etc.  has  been inves t iga ted .  

Most of the  subs tances  unde r  cons idera t ion  are  c ons t a n t l y  bu i l t  up  and  deg raded  
as t h e y  c i rcula te  in t issue fluids and  become fixed in var ious  organs.  

To show the  re la t ionsh ip  to genera l  a n d  b iochemica l  processes we should  l ike to 
ind ica te  the  impor t ance  of some of the  " so lven t s "  and  " s u b s t r a t e s "  for these  processes. 
These  obse rva t ions  include recent  f indings as well  as o lder  d a t a  the  significance of which 
was no t  fu l ly  recognized  a t  t h a t  t ime.  

Among the insoluble phosphates, so-called basic salts of the type originally formulated as 
Cas(PO4) v CaO occur far more frequently s than previously assumed. These substances deserve our 
interest since they may be considered as derivatives of the 5 basic phosphoric acid P(OH)s. They 
include important fertihzers such as the mineral kakoxen FePO,-Fe(OH)s and Ca4PsO, found in 
the Thomas slag of the Bessemer converter or in furnace linings (salamander). They too were brought 
into solution under the given conditions by some of the "solvents" tabulated. 

* Pyrophosphate is liberated from ATP in the presence of coenzyme A (F. LIPMA~N, J.  Am. 
Chem. Sot., 74 (1952) 2384). 

** The neutral salts of this acid formed with morpholine and piperidine are relatively soluble. 
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Since the  n a t u r a l  occurrence  of m e t a p h o s p h a t e s  11 was  d iscovered by  LIEBERMANN in yea s t  and  
by  HARDIN in a q u e o u s  e x t r a c t s  of co t t on  seed meal ,  t he  presence  of t he  s u b s t a n c e  ha s  been  r epea ted ly  
repor ted  in m ic roo rgan i sms  a n d  p l a n t  ceils and  in some  cases  even  in an ima l  o rgans  TM. SPIEGELMAN 
AND KAMEN 13, WIAME AND BRACHET 14 and  o the rs  po in ted  ou t  t h a t  different  h igh ly  po lymer ized  
fo rms  of m e t a p h o s p h a t e s  occur.  The  molecular  weight  of the  wa te r  soluble m e t a p h o s p h a t e  isolated 
f rom Aspergi l lus  n iger  was  de t e rmi ned  as 6o00-700015. The  ex is tence  of an  enzyme ,  able  to hydro lyze  
th i s  condensed  p h o s p h a t e  to  o r t h o p h o s p h a t e  increases  t he  in t e res t  a t t a c h e d  to m e t a p h o s p h a t e .  This  
e n z y m e  was found  in 1928 by  KITASATO TM in t he  l abora to ry  of t he  senior au tho r .  The  h igh  ac t i v i t y  and  
the  wide d i s t r ibu t ion  of m e t a p h o s p h a t a s e  were descr ibed a t  an  ear ly  da te  17. More r ecen t ly  it  has  been  
repor ted  12 t h a t  even  s y n t h e t i c  h i gh  molecu la r  we igh t  p o l y m e t a p h o s p h a t e s  of molecu la r  weight  
> I,OOO.OOO are  depo lymer ized  b y  a m e t a p h o s p h a t a s e  f rom molds.  Accord ing  to ELLIS et al. TM t h e  
e n z y m e  is also p r e sen t  in t he  wool root.  The  effect of different  ca t ions  on t he  abi l i ty  of m e t a p h o s p h a t e  
to fo rm complexes  was  po in ted  ou t  by  VAN ~VAZAR AND CAMPANELLA 20. Q u a t e r n a r y  a m m o n i u m  
ions do n o t  t a k e  p a r t  in comp l ex  format ion ,  alkali  ions  form weak  complexes ,  o ther  me t a l  ions give 
rise to s t r ong  complexes .  I n  th i s  connec t ion  it  seems  wor th  m e n t i o n i n g  t h a t  even  sod ium can  form 
p h o s p h a t o - c o m p l e x e s ;  t h e y  are  loose complexes ,  s ince t he  solubi l iza t ions  descr ibed in th is  pape r  
were easi ly carr ied ou t  wi th  s o d i u m  m e t a p h o s p h a t e .  

F u r t h e r  ev idence  t h a t  a t  l eas t  2 species  of m e t a p h o s p h a t e  occur  in n a t u r e  is t he  fac t  t h a t  
only  one form read i ly  exchanges  rad ioac t ive  p h o s p h o r u s  wi th  t he  m e d i u m .  The  reac t ion  in wh ich  
t r i m e t a p h o s p h a t e  is fo rmed  f rom h e x a m e t a p h o s p h a t e  is irreversible2L 

As y e t  no t r iphosphor i c  acid h a s  been found  in na tu re .  Kine t ic  s tud ies  of BELL 7 and  also of 
VOGEL AND PODELL 21 show t h a t  h e x a m e t a p h o s p h a t e  is hyd ro lyzed  to o r t h o p h o s p h a t e  and  t r ime ta -  
phospha t e .  The  l a t t e r  can  be hyd ro lyzed  to  or tho-  and  t r i -phospha te ,  while t r i p h o s p h a t e  itself is 
hyd ro lyzed  to or tho-  and  p y r o - p h o s p h a t e .  Since we have  been able  to ca r ry  ou t  the  l a s t -men t ioned  
reac t ion  b y  pu re ly  enz ymi c  m e a n s  6 and  s ince the  wide d i s t r ibu t ion  of a specific t r i p h o s p h a t a s e  ha s  
been es tab l i shed  2z, t he  poss ib i l i ty  t h a t  t r iphosphor ic  acid t akes  pa r t  in b iochemica l  processes  can  
no t  be exc luded  6. Th i s  would  be in accord wi th  t he  fac t  t h a t  th i s  inorganic  m o t h e r  subs t ance  of 
A T P  affects  reac t ions  t a k i n g  place in musc le  t i s sues  and  in f e rmen t ing  yea s t  cells ~3, 24. 

The  de s t ruc t i on  of all amy l a t i c  ac t iv i ty  of a - a m y l a s e  25 in t he  presence  of NasPaOxo is due  to 
t he  seques t e r ing  of t he  Ca ++ ions necessa ry  for t he  react ion.  Similar ly  inh ib i t ion  of pep t ic  d iges t ion  
of edes t in  in t he  presence  of p o l y p h o s p h a t e  as observed  b y  BERSIN 22 appears  to be due  to t he  com-  
p lex ing  of a c t i v a t i n g  ions. 

I n  view of all these  re la t ionsh ips  w i t h  biological  p rob lems  we m a d e  a special  s t u d y  of the  
solubil izing process  of t he  different  condensed  phospha t e s .  Whi l e  va r ious  func t ions  h a v e  been  ass igned  
to  t he  p o l y p h o s p h a t e s  2, t he  role wh ich  shou ld  be ascr ibed to the  n a t u r a l  s to rage  of p o l y p h o s p h a t e s  
ha s  no t  been  e lucidated.  A p a r t  f rom t he  poss ib i l i ty  of s to rage  for specific needs  27 the re  m i g h t  be 
some  connec t ion  wi th  t he  processes  of phospho ry l a t i on .  O r d i n a r y  phosphor i c  a n h y d r i d e  is fo rmu la t ed  
as P4Olo r a the r  t h a n  P205 (PAOLING). On  add i t ion  of wa t e r  th is  yields no t  on ly  1-IaPO 4 b u t  also 
m e t a p h o s p h o r i c  acid. I n  e the r  su spens ion  t he  a n h y d r i d e  is a useful  p h o s p h o r y l a t i n g  agen t  17, poss ib ly  
due  to i n t e r m e d i a r y  fo rma t ion  of e t hy l  m e t a p h o s p h a t e  28. An  add i t ion  to a n h y d r o  suga r s  ha s  also 
been  reported29; la te r  p h o s p h o r y l a t i o n s  were carr ied  ou t  wi th  p y r o p h o s p h a t e  and  t r i p h o s p h a t e  3°. 
A n o t h e r  func t ion  of p o l y p h o s p h a t e s  is to spl i t  off wa t e r  and  b r ing  a b o u t  cycl izat ions  ~1. 

POC1 s wh ich  is e x t r e m e l y  s table  aga ins t  wa t e r  (NEUBERG, MEERWEIN) and  reac ts  as a mixed  
a n h y d r i d e  of PO(OH)s  a n d  HCI is also t he  s imples t  r eagen t  for t he  p roduc t ion  of acid es ters  of 
pyrophosph0r ic  acid in aqueous  solutionlT, 3~. 

As a final examp l e  of t he  mani fo ld  t r a n s f o r m a t i o n s  of phosphor ic  acids, t he  t r a n s f o r m a t i o n s  
of o r t h o p h o s p h a t e s  a n d  phosph i t e s  unde r  n e u t r o n  b o m b a r d m e n t  m i g h t  be men t ioned .  I n  t he  course 
of t hese  reac t ions  sa l t s  of h y p o p h o s p h o r i c  acid, H a P O  2, are formed33; we h a v e  therefore  inc luded 
h y p o p h o s p h i t e s  and  p h o s p h i t e s  in our  inves t iga t ions .  T he  l a t t e r  are of in t e res t  s ince BABA 34 ha s  found  
an  enzymica l ly  c leavable  monoa l ly lphosph i t e  in na tu re .  

Besides  t h e  "bioelements'" m a n y  o the r  e l emen t s  t ake  pa r t  to  a g rea te r  or lesser degree in 
biological  processes .  The i r  phys io logica l  behav io r  is be ing  inves t iga t ed  to an  increas ing  ex ten t ,  pa r t l y  
in connec t ion  wi th  isotope s tudies .  T he  n u m b e r  of r e l evan t  pub l i ca t ions  is e n o r m o u s  and  only  a 
sca t t e red  few will be referred to:  

P rob lems  of t h e  migra t ion  and  prec ip i ta t ion  of Ca ca rbona te  and  p h o s p h a t e  in o rgan i sms  
are t r ea t ed  ex t ens ive ly  ~ in connec t ion  w i t h  h i s top lasmos i s  and  p u l m o n a r y  calcification (CHRISTIE) 
on t he  one hand ,  shell f o rma t i on  in mol luscs  (BEVELANDER) on t he  other .  

Ca lc ium and  fluorine show a defini te t e n d e n c y  to form combina t i ons  wi th  phospha t e s .  The  
oldest  examp le  is t he  wide d i s t r ibu t ion  of apa t i t e  CasF(PO4) 3. I n  t h e  inhib i t ion  of enolase WARBUEG 
AND CHRISTIAN 36 d e m o n s t r a t e d  t h e  fo rma t ion  of an  organic  m a g n e s i u m  f luo rophospha te  complex ,  
t h u s  exp la in ing  for t he  first t i me  t he  cause  of fluoride inh ib i t ion  of enzymes .  A similar  c o m b i n a t i o n  
is a s s u m e d  in t h e  case of p h o s p h o g l u c o m u t a s e  3~ while leci thin is bel ieved to t ake  p a r t  in complex  
fo rma t ion  wi th  ca lc ium and  m a g n e s i u m  t h r o u g h  i ts  p h o s p h a t e  res idue  ~.  M a n y  ins tances  of ana logous  
behav io r  are  knownl ,2 ,  a. P e r m a n e n t  or t e m p o r a r y  fo rma t ion  of complexes  of t h e  t y p e  wh ich  m a y  
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be involved in the solubilization effects described in this paper has also been observed in the binding 
of iron by lycomarasmin 89 or the chelating of cobalt by histidinO °. The removal of inhibiting ions 
by precipitation or sequestration has also been described 41. Coordinate complexes of antimonyl 
compounds ~z, translocation of iron in pineapple 48, combinations of plasma globulin with metals ~ 
and complex formation with inorganic acids in connection with phosphatase activity ~ belong to 
this group. An account of the essential constituents of sea water for growth of marine diatoms 4e 
and a review on complexes in physiological chemistry 4~ furnish many remarkable details. 

Some lesser known facts about trace elements may be worth mentioning: Zn is a universal 
antagonist of snake and bee poisons 4s. After RAULIN (1869) had shown the need for Zn to satisfy 
the mineral nutritional requirements of certain fungi and a special chemical role had been assigned 
to Zn in the transformation of intermediaries of carbohydrate metabolism 4s, gallium which frequently 
accompanies zinc in trace amounts was found to be a necessary oligometal for the development 
of Aspergillus niger 49. The presence of Cr in plants s° seems worthy of attention. WIELAND AND 
SONDERHOF# I found that oxidative conversion of acetic acid to succinic and citric acid by yeast 
was possible in the presence of Ba ++ salts. According to COR151 the enzymic formation of glycogen 
from hexosephosphates is catalyzed by Ba ++. In Brazil nuts Ba is stored to more than i ~o of the 
dry weight 5~. 

Lead, which can accumulate in plants s~, appears to play a part in a special effect of hyaiuroni- 
dase; in its presence the erythrocite sedimentation due to hyaluronidase is increased aS. Enzymic 
decarboxylations of oxaloacetic acid are activated by a considerable number of bivalent cations 
including Pb, Ba, Cd as. HENZE'S discovery *~ that the blood cells of ascidians contain a chromogen 
which on ashing yields io ~o V203 is one of the remarkable observations in the history of biochemistry. 
V is present in relatively large amounts s8 in plants and animals including human teeth 59 as well 
as in petroleum and other fossil materials 6°. In these remnants of the tertiary geological period V 
is bound to porphyrins. The V complexes were formed through transmetallization from substances 
resembling chlorophyll and hemin sl. 

After early investigations of SOEHNGEN (I913) have stressed the importance attached to the 
changes in nature from soluble to insoluble Mn compounds and vice versa more recent findings 62 
show the existence of a Mn cycle in the soil. Due to the simultaneous action of inorganic and organic 
soil constituents Mn goes through various oxidation stages in this cycle. EDLBACHER AND BAUR ~3 
report a Mn-proteid in arginase. In this complex Mn can be replaced by Cd or V ++. According to 
HOFMANN e4 Mn is of particular importance for the development of fungi and plants. 

The solubilization of insoluble matter must play a significant part in processes 
occurring in the soil. The number of "substrates" would be unlimited, the number of 
"solvents" considerable. These "solvents" get into the soil with dead animal or plant 
residues, but in part they are also formed directly by the living organisms present in 
the soil. 

This is true, e.g., for nucleic acids and nucleotides. As early as 1893 PETIT 6~ found nucleic acids 
in humus. KOCH AND OELSNER confirmed this ~ and recognized that the nucleic acids formed are 
conserved intact in the soil for many months and are only slowly decomposed by the normal microbial 
flora. SCHREINER 88 alTives at a similar conclusion and other authors too 6~ advanced evidence for the 
presence of nucleic acids and nucleotides in the soil. Other relatively stable substances present in 
t h e  soil a re  t h e  p h y t a t e s .  The i r  occurrence  h a s  been  repor t ed  b y  WRENSHALL, DYER AND SMITH 68 
as well as b y  YOSHIDA eg. Besides  t he  sa l t s  of inosi tol  h e x a p h o s p h a t e  (phyt in) ,  inosi tol  m o n o p h o s p h a t e s  
seem to  be p r e sen t  v°. I n  p l a n t s  p h y t i n  occurs  as a C a - M g  salt ,  b u t  also as pu re  C a - p h y t a t e  vl. 

The  " s o l v e n t s "  i nves t i ga t ed  also inc lude uronic  acid der iva t ives  wh ich  in va r ious  fo rms  are 
widely  d i s t r i bu t ed  in na tu re .  T he  special  i m p o r t a n c e  of c o n j u g a t e d  g lucuronic  acids  for t he  p rob lem 
of so lubi l iza t ion  ha s  r ecen t ly  been  s t ressed  b y  u s  vs. I n  add i t ion  we s tud ied  sa l t s  of free g lucuronic  
a n d  ga lac tu ron ic  acids,  of po lyga lac tu ron ic ,  alginic and  p o l y a n h y d r o g l u c u r o n i c  (celluronic) acids. 
Di f fe rent  po lyuron ides ,  m i x e d  p o l y m e r s  of o l igosacchar ide  a n d  uronic  acid un i t s ,  p l a y  an  i m p o r t a n t  
role as  res idues  of h ighe r  a n d  lower p lan t s ,  f unga l  a n d  bacter ia l  po lysacchar ides  in t he  c a r b o h y d r a t e  
m e t a b o l i s m  of t he  soil v3. Condensed  uronic  ac ids  occur  in iles m a n n a n  v4, in cereal  s t r aws  vs and  in 
cereal  p r o d u c t s  re. W e  h a v e  inves t i ga t ed  sa l t s  of D-mannuron i c  acid a n d  i ts  carboxyl ic  acid g roup  
con t a in ing  po lymer i zed  a n h y d r i d e  k n o w n  as alginic acid, b o t h  as " s o l v e n t s "  a n d  as  " s u b s t r a t e s "  
in our  so lubi l iza t ion  s tudies .  

A m o n g s t  t h e  " s o l v e n t s "  t he  es te r  su l fa tes  of h i gh  molecu la r  we igh t  deserve  special  men t ion .  
SYLV~N'S inves t iga t ions  7T show the i r  occur rence  a n d  the i r  role in processes  t a k i n g  place  du r ing  t he  
d e v e l o p m e n t  of  t h e  s t r o m a l  ma t r i x ,  f ibroblasts ,  m a s t  cells, m e s e n c h y m a l  t u m o r s  a n d  new fo rma t ions  
of t i s sues  a n d  in local de tox ica t ion  reac t ions  in g r anu l a t i on  t issue.  The  p ro tec t ive  ac t ion  of chon-  
dro i t in  su l fa te  p r e v e n t i n g  p rec ip i t a t ion  of B aS O 4 ha s  been  observed  a t  an  earlier da te  vs. 

"Substrates" i nves t i ga t ed  inc lude  p r o t e i n - m e t a p h o s p h a t e s .  Whi l e  m e t a p h o s p h o r i c  acid ha s  been 
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used as a protein precipitant for a long time, well-defined crystallized reaction products were first 
described by PERLMANN ~9. A new biological function has been assigned by OHLMEYER s° to the in- 
soluble compounds formed between proteins and nucleic acids, the solubilization of which we investi- 
gated previously 1,~ and in the present study. 

Enzymes bound to cell nuclei show only a fraction of their activities. They become fully activated 
when a protein is added to combine with the nucleic acid of the cell nucleus thus liberating the enzyme 
by protein exchange. These facts are in accord with an older finding of WARBURG AND CHRISTIAN 81 
who liberated the oxidative fermentation enzyme precipitated with nucleic acid by an exchange 
reaction with protamine. GEBERS AND DEUTICKE 82 reported a special solubilizing ability of salts of 
nucleotides of the adenylic acid system for muscle proteins. The many examples of the ability of 
nucleates and related substances to form a large variety of complexes 1, ~ appear to be related to 
a number of enzyme interactions ss. 

We have previously reported the solubilizing ability of the most diverse groups of organic acid 
salts ~. In connection with these "solvents" some additional remarks seem in order: The number of 
acids known to be intermediaries or end products of metabolism is very large. FOSTER AND CARSON 84, 
BERNHAUER 85, ENY 86 and THIEMAN AND I~ONNER 87 give details on the formation and occurrence of 
acids important  for animal and plant organisms. Evidence for complex formation of malonates, 
succinates, carbonates and pyruvates, was advanced by RILEY et al. sS. Organic acid salts of this 
type have a function in the uptake of insoluble material from the soil. They are eliminated by plant 
roots together with nucleotides according to LUNDEG~.RDH AND STENDLID 89. Relatively simple 
phosphorylated substances belong to the same group. Sugar phosphates have long been recognized 
as products of microorganisms and animal cells. BURKHARD AND ~TEUBERG 90 isolated phosphoric acid 
esters of various sugars from beet leaves. BARRENSCHEEN AND PANY 91 have shown that  fructose 
monophosphate results from assimilation. I t  is well known that  more recently phosphoglycerate has 
been recognized as the primary product formed in the assimilation of green plants. Its homologue, 
phospho-D-arabonate ~2 and the glycerophosphates widely distributed in nature should also be men- 
tioned. The a- and E-forms of the latter compound show the same "solvent" behavior; it is possible 
that  their buffer capacity ~3 which is used in certain cases is connected with solubilization effects. 

A short summary of a few other findings connected with the problem may be appended ~4. 
Pyro- and recta-phosphates prevent blood clottinga; ordinary orthophosphate can act as a phos- 
phorylating agent in vitrob; metaphosphate may possibly be originally bound in ceUsC; phospho- 
silicic acid ester is said to occur in the mannogalactan of trigonella foenum graecumd; silicic acid 
itself is present in animal organs in the form of an alcohol-ether soluble ester e. Uranium is deposited 
in the animal skeleton f and accumulated by cyanophyceesg. Uranyl salts form complexes with 
glycerophosphates h as with many simple polyhydroxycompounds. Molybdates form complexes with 
phosphoric acid esters i as well as with H~PO 4 and exert a catalytic effect on the hydrolysis of organic 
phosphate bonds k. La is present in yeastl; Nd precipitates proteins from very dilute solutions m. 
Thorium is an activator for polygalacturonidase n. Ca, the complexes of which have been recently 
investigated o, P, has been found to have definite functions in the activation of proteolytic and other 
enzymesq, r, s. The relation of Be to problems of general toxicity and specific enzyme inhibition has 
been studied t and the same is true for the acids of selenium u. 

Amongst the "solvents" investigated we have included isocitrates since they are regular pro- 
ducts of metabolism. Besides the naturally occurring optically active acid* we have used the racemic 
isocitric acid made according to the directions of PrZCHER AND VICKERY v. Salts of D-glucosaccharic 
acid were studied since this acid has occasionally been found in nature and may act as an inter- 
mediary in the formation of citric acid by aspergillus niger TM. Furthermore, the acid deserves attention 
as specific inhibitor of/~-glucuronidase x. A Ba-metabolism has been described in the larvae of Droso- 
phila repletaY. Finally reference might be made to the relationships between the problems of the 
present investigation and the phenomena of hydrotropy z. Recently FLIEG z referred to this point; 
he called attention to the fact that  the solubility of calciumphosphate is increased in the presence 
of surface-active substances, such as saponins, soaps, alkaline humates and sodium choleinate. 

T h e  r e l e v a n t  f a c t s  s e l e c t e d  a n d  r e f e r r e d  to  g ive  s o m e  idea  of t h e  v a r i e t y  of a s p e c t s  

c o n n e c t e d  w i t h  t h e  p r o b l e m s  u n d e r  c o n s i d e r a t i o n  a n d  t h e  m a n y  r e l a t i o n s h i p s  r e s u l t i n g  

t h e r e f r o m .  
T h e  so lub i l i z a t i on  p r o c e s s e s  are  e s sen t i a l .  Th i s  is w h y  we b e l i e v e d  t h a t  t h e  s t u d y  

of t h i s  p h e n o m e n o n  s h o u l d  be  e x t e n d e d  a n d  p l a c e d  on a w i d e r  bas is ,  t h e  m o r e  so as  

m a n y  of t h e  r e s u l t s  a re  u n e x p e c t e d .  T h e  d a t a  c o l l e c t e d  are  too  v o l u m i n o u s  to  be  r e p o r t e d  

c o m p l e t e l y ,  b u t  t y p i c a l  e x a m p l e s  s e l e c t e d  f r o m  t h e  v a r i o u s  g r o u p s  a n d  t a b u l a t e d  b e l o w  

s h o u l d  i n d i c a t e  t h e  r a n g e  a n d  a l low c o m p a r i s o n s  of  t h e  s u b s t a n c e s  s t u d i e d .  

* We are indebted to Prof. H. B. VICKERY for a sample of this acid. 
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E X P E R I M E N T A L  

The experiments indicated in the tables were carried out according to the schemes 
and description given in Par t  I of this series 1. 

The following abbreviations are used in the tables (pp. 546-565) 

p p t .  = p r e c i p i t a t e  cl.  = c l e a r  b .  = b o i l i n g  sh .  = s h a k i n g  
i n h .  = i n h i b i t i o n  r .e l .  = r e m a i n s  c l e a r  w.  = w a r m i n g  sl ig.  = s l i g h t l y  
t .  = t u r b i d  a l to .  = a l m o s t  s t .  = s t a n d i n g  C. = C o n t r o l  
sol .  = s o l u t i o n  o = n o  s o l u t i o n  

M P  = S o d i u m  m e t a p h o s p h a t e  
P P  = P o t a s s i u m  p y r o p h o s p h a t e  
T P  = S o d i u m  t r i p h o s p h a t e  
E M P  = M o n o e t h a n o l a m i n e  m e t a p h o s p h a t e  
N a G  = S o d i u m  g l y c e r o p h o s p h a t e  N a  Ma l .  
R N  = S o d i u m  r i b o n u c l e a t e  M g F P  
N a  Cel.  ~ S o d i u m  c e l l u r o n a t e  M g  G 
N a  Ga l .  = S o d i u m  g a l a c t u r o n a t e  N a  G l y c .  
N a  Asc .  = S o d i u m  a s c o r b i n a t e  C M M S  
N a G l u c .  = S o d i u m  g l u c u r o n a t e  
N a  G1. = S o d i u m  g l u c o n a t e  D R N  
M g  G1. = M a g n e s i u m  g l u c o n a t e  K T a r t .  

N a  P y r .  = S o d i u m  p y r u v a t e  
N a  L a c t .  = S o d i u m  l a c t a t e  
N H  4 L a c t .  = A m m o n i u m  l a c t a t e  
N H  4 C h . S .  = A m m o n i u m  c h o n d r o i t i n  s u l f a t e  

= S o d i u m  m a l a t e  
M a g n e s i u m  f r u c t o s e - d i p h o s p h a t e  

= M a g n e s i u m  g l y c e r o p h o s p h a t e  
= S o d i u m  g l y c o l a t e  
= S o d i u m  c a r b o x y m e t h y l m e r c a p t o -  

s u c c i n a t e  
= S o d i u m  d e s o x y r i b o n u c l e a t e  
= P o t a s s i u m  t a r t r a t e  

T h e  i n o r g a n i c  " s u b s t r a t e s "  m e n t i o n e d  i n  t h e  t a b l e s  a r e  f o r m u l a t e d  as  n o r m a l  c o m p o u n d s  
r e g a r d l e s s  o f  o c c a s i o n a l  d e v i a t i o n  in  c o m p o s i t i o n .  

General remarks 

A cursory glance at the experimental material presented shows a wide range of 
naturally occurring substances with solubilizing abilities. These "solvents" can act on 
an enormous number of inorganic and organic compounds under physiological conditions 
of temperature and hydrogen ion concentration. A significant concomitant of solubili- 
zation is more or less complete deionization of the "substrate".  Important  elements 
such as, e.g., the biometals are thus protected from precipitation and removal from the 
sphere of biological activity. The binding of pharmacologically effective substances to 
"solvents" may produce altered conditions. For processes taking place in animal or plant 
organisms it is noteworthy that  the "solvent" besides bringing the "substrate" into 
solution enables it to migrate through the organism. The carrier function may be stopped 
by enzymic degradation of the "solvents" and the previously dissolved material be made 
available for specific reactions at new sites. The "solvents" investigated are naturally 
occurring substances and known substrates for specific enzymes. We must assume a 
constant regeneration of the enzymes but also of the "solvents" which are among the 
regularly circulating products of cellular metabolism. A mechanism is thus envisaged 
which by a continuous chain of events serves biological tasks. We have shown that  
such mechanisms do exist*. I t  might be added that enzymic degradation products of 
difficultly soluble compounds, often readily soluble in the form of their neutral salts, 
may become good "solvents" for the originally insoluble "substrate".  Evidence indicates 
that  nature competes with itself to provide more and better  solubilizing agents. 

We are indebted to Dr MARIANNE KREIDL for helpful assistance. 

* T h e s e  e x a m p l e s  wi l l  b e  g i v e n  in  d e t a i l  in  a l a t e r  p u b l i c a t i o n .  F o r  a p r e l i m i n a r y  r e p o r t  see 
Federation Proc., i i  (1952)  253 .  
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T A B L E  I 

MAGNESIUM AND CALCIUM SALTS 

Subs t ra te .  

Solvent CaCO a * Ca a (PO t ) ~ * * MgC 0 a * * * ~Ig s (PO 4 ) ~'~ Mg NH 4 P04%1 

M M P  • ml  sol. I ml  sol. 
M P P  0. 5 ml  sol. 0. 5 ml  sol. 
M / 2  T P  I ml  sol, I ml  sol. 
M E M P  i ml  sol. I mI sol. 
3 I  NaG. 1 ml  sol. 2 ml  inh. 

r.cl. 
5 ~o R N  I ml  sol. 2 ml  sol. 
IO% Na Cel. o.75 ml  sol. 2 ml  sol. p H  7, 

a t  h igher  p H  t. 
i ml  inh. 

M Na  Gal. 0.5 ml  sol. 0. 5 ml  sol. p H  7, 0.5 ml  sol. 
a t  p H  8 t. 

M Na  Asc. I ml  sol. 2 ml  inh. 1. 5 ml  sol. 
r.cl. on w. 

M Na  Gluc. o. 5 ml  sol. 2 ml  inh. i ml  sol. 

M Na  G1. i ml  sol. 3 ml  inh. o.2 ml  sol. 
p H  8 p H  9 p H  9 

M N a  Pyr .  0. 5 ml  sol. I ml  sol. 0. 5 ml  sol. 
up  to  p H  9 on st. p H  7, p H  7, r.cl. 

on w . t .  up  t o  p H  9 
M NH4-Lac.  o . i  ni l  sol. i ml  sol. o . i  ml  sol. 

a t p H  xi  t. p I t 7 - 8 ,  o n w .  t. p H 8 ,  cl. 
up  to  p H  9 

M Na-Lac .  1.5 ml  sol. 2. 5 ml  a lm.  i ml  sol. 
p H  8 sol. p H  7 ,5 ,  p H  8 

a t  h igher  p H t .  
I o %  N H  4 Ch.S. 2 ml  sol, 2 ml  inh. 

r.cl. on w a r m i n g  r.cl. on w. 
M / 4  M g  G1. 

M Na  Mal. 

r ml  sol. 0. 5 ml  inh. 

I.O ml inh. 
p H  9, r.cl. 
0. 5 ml  sol. 
on st. p H  7 

0. 5 ml  inh. 
r.cl. up  to  p H  8, 
on st. t. 
i ml  sol. 
p H  8 

i ml  sol. 
alm.cl,  x ml  inh. p H  8, 

if MgC12 
added  first, 
before o ther  
ingred ien t s  t. 

2 ml  inh. 

I. 5 ml  inh. 
r.cl. on w. 

o. 5 ml  inh. 
i ml  sol. r.cl. 
(i h observed) 

2 ml  inh. 

1. 5 ml  sol. 1. 5 ml  inh. z ml  inh. 
on st. a f te r  5 '  r.cl. on w. af ter  5 '  t. 
1. 5 ml  inh. 

2 ml  sol. w. 

* C:  2 m l  H ~ O :  o .  
** C: 3 ml  H 2 0  ppt .  

*** ppt .  forms on w., C: I ml  H~O pp t .  remains .  C: 5 ml  H~O, inh ib i t ion  on add i t i on  of N H a O H  
cryst ,  ppt .  

ppt .  on w., C: 3 ml  cold H~O aim. cl., pp t .  on w. 
t t  C: 2 ml  H~O ppt .  

E x p e r i m e n t s  were also car r ied  ou t  w i t h :  M Na-glycola te ,  1. 5 M K- t a r t r a t e ,  M Na-ca rboxy-  
me thy lmercap tosucc ina t eWt  ( resemblance w i t h  ci t r ic  acid) and  6 %  Na-desoxyr ibonuc lea te .  The  
resu l t s  were analogous .  

t t t  F o r m u l a :  H z C - C O O H  

H C - C O O H  
I 
S 
f 

H 2 C - C O O H  
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Solvent UO,HPO, l UO,S MnCOs * * 

M MP 3 ml inh. 

MET 

M/2 TP 

3 ml sol. w. 

3 ml inh. 

M EMP 0 

M/2 MFP 

M NaG 
M MgG 

5% RN 

2 ml inh. 

3 ml inh. t. 
cl. on sh. 

M Na Cel. 
M Na Gal. 
M Na Asc. 

M Na Glut. 

M Na Gl. 

2 ml inh. pH 6 
at higher pH t. 

M Na Pyr. 

M NH,-Lact. 

M Na-Lact. 

M NH, Ch.S. 
M/4 Mg Gl. 

M Na Mal. 

2 ml sol. w. 

3 ml sol. w. 

2 ml sol. w. 

I ml sol. w. 

2 ml inh. 

2 ml inh. 

2 ml inh. 
(green-black) 

0.5 ml sol. 
PH 7. 
at pH 8 t. 
0.4 ml sol. 

1.5 ml sol. 

0.5 ml sol. 

TABLE 

URANYL, IMANGANESE, FERROUS, 

Sub- 

0 
0 

2 ml inh. 

I ml inh. 

0 

0 

2 ml inh. 

2 ml inh. 

FeCO, * * * 

0.3 ml sol. 
on w. t. 
(green-yel.) 
0.5 ml sol. 
(colorless) 
0.5 ml sol. 
(alm. 
colorless) 
0.3 ml sol. 
(alm. 
colorless) 
I ml sol. 
(greenish) 

2 ml sol. 
(green) 
2 ml sol. 
(greenish) 
I ml sol. 

0 

0.4 ml sol. 
on st. 2’ 

(greenish) 
0.5 ml sol. 

0.4 ml sol. 
on st. t. 
(greenish) 
I ml sol. 
pH > 8 t. 
2 ml sol. 
2 ml inh. 
(colorless) 
0.5 ml sol. 
(greenish) 

0.4 ml sol. 
(colorless) 

0.2 ml sol. 
(colorless) 
0.2 ml sol. 
(colorless) 

0.2 ml sol. 
(colorless) 

0.9 ml sol. 

I ml inh. 

0.7 ml sol. 
(green) 

I ml inh. 
on st. or w. t. 
0.6 ml sol. 
on st. 2’ 

I ml sol. 

0.6 ml sol. 
after I h t. 

1.6 ml sol. 
on st. 5’ 
2 ml inh. 
2 ml inh. 
(alm. colorless) 

* Sol. cl. after standing some min. 
** C. 2 ml H,O or M/IO Na-acetate t. 

* l l C. as above. 
t C. as above. 

tt C. all solutions combined no ppt. 
ttt The inh. experiments with Co and NI are convmcmg as Ch.S. does not dissolve, that means 

that the NH, part of the salt does not dissolve by complex formation. 

Experiments were also carried out with M Na-glycolate, 1.5 M K-tartrate and M Sa-carboxy- 
methylmercaptosuccinate. The results were analogous. 
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V I I  

F E R R I C ,  C O B A L T  A N D  N I C K E L  S A L T S  

s t r a f e  

Fe (OH) stt Fe PO 4 CoCO 3 6% (1:'04)1 NiCOattt Niz (P04) s 

i m l  sol .  w .  0. 7 m l  sol .  w .  0 .2  m l  sol .  o .2  m l  sol.  1. 5 m l  sol .  0. 4 m l  sol .  
(ye l low)  (viol .  p i n k )  o n  s t .  5 '  

I m l  sol.  w .  0. 7 m l  sol .  0.  3 m l  sol .  o .2  m l  sol.  I m l  sol .  0. 3 m l  sol .  
(ye l low)  (viole t )  
1. 5 m l  sol.  w .  o. 7 m l  sol.  w .  0 .2  m l  sol .  0 .2  m l  sol.  I m l  sol .  o. 4 m l  sol.  
(color less)  (viol .  p i n k )  o n  s t .  3 '  

i m l  sol.  w .  0. 7 m l  sol .  w .  o. 3 m l  sol.  w .  o .2  m l  sol.  I m l  sol .  o. 4 m l  sol.  
(color less)  (v iole t )  o n  s t .  3 '  

2 in l  i n h .  1.7 m l  sol.  i m l  i n h .  o. 7 m l  i n h .  2 m l  sol .  1. 5 m l  i n h .  
cl.  o n  s t .  5 '  

2 rnl  i n h .  2 m l  i n h .  o o. 7 m l  i n h .  2 m l  sol .  w .  1. 5 m l  i n h .  
(p ink)  

3 m l  sol.  2 m l  i n h .  0. 5 m l  sol .  o. 7 m l  i nh .  I m l  sol.  i m l  sol .  
on st. 3' 

2 m l  i nh .  2 m l  sol.  
o. 5 m l  i n h .  

o. 5 m l  sol.  o i m l  sol.  i m l  sol .  
r . c l .  o n  w .  r e d  r .c l .  o n  w .  
o. 5 m l  sol .  2 m l  i n h .  0. 5 Inl  sol .  i m l  sol .  
( red.  viol . )  y e l l o w  o n  s t .  5" 
0.5  m l  sol .  o. 4 m l  sol .  o. 5 m l  sol .  o .6  m l  sol.  
( red .  viol . )  

0 .25  m l  sol.  0. 5 m l  sol.  
o n  s t .  

o .2  m l  sol .  0 .2  m l  sol .  

1. 5 m l  sol .  1. 5 m l  sol.  

I m l  i nh .  

0. 5 m l  sol.  0. 5 m l  sol .  

I m l  sol.  o .6  m l  sol.  

0. 5 m l  sol .  I m l  sol .  

2 m l  sol .  2. 5 m l  sol .  I m l  sol .  2. 5 m l  sol.  
o n  s t .  3 '  ( a im .  co lo r l ess )  
2 m l  i n h .  2 m l  i n h .  I m l  i n h .  

2 m l  sol .  2 m l  i n h .  
o n  s t .  IO" (p ink . )  (p ink)  

0. 5 m l  sol.  o. 5 m l  sol .  o. 5 m l  sol .  
(pa le  g r e e n )  p i n k  p i n k  

1. 5 m l  sol .  3 m l  i n h .  0 .2  m l  sol .  0. 3 m l  sol.  
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TABLE 

SILICATES 

Sub- 

.%h?nt 

Al MP 

Ill PP 

M/2 TP 

M EMP 

M NaG 

5% RN 

IO % Na Cel. 

M Na Gal. 
M Na Asc. 

M Na Glut. 

iVZ Na Gl. 

Al Na Pyr. 

M NH,-Lat. 

M Na-Lat. 
M NH, Ch.S. 

M Na Mal. 

cusio, l 

0.8 ml sol. 
colorless 
0.5 ml sol. 
green 
0.5 ml sol. 
green 
0.5 ml sol. 
green 
1.5 ml inh. 
after I’ t. 
1.5 ml inh. 

M&O8 * 

0.5 ml sol. 

1.5 ml sol. 

1.5 ml sol. 

0.5 ml sol. 

3 ml sol. w. 

I ml sol. 

1 ml sol. m. 
2 ml sol. 
0.5 ml sol. 
1 ml sol. 
on w. t. 
I ml sol. 
on st. 5’ 
0.5 ml inh. 
r.cl. 24 h 
0.5 ml sol. 
on st. after 
‘/z h t. 
0.2 ml sol. 

I ml sol. 
r ml sol. 
r.cl. on w. 

- 
Casio, l 

0.5 ml sol. 

0.5 ml sol. 

0.5 ml sol. 

0.5 ml sol. 

2 ml sol. 

I ml sol. 

2 ml sol. 

0.5 ml sol. 
I ml sol. 

I ml sol. 

I ml sol. 

0.5 ml sol. 
on w. t. 

0.5 ml sol. 

znsio, 

I ml sol. 

0.5 ml sol. 

0.5 ml sol. 

0.5 ml sol. 

1.5 ml inh. 

1.5 ml sol. 

I ml sol. 

0 

I .3 ml inh. 

I ml sol. 

Al,(.W,J, 

1.5 ml inh. 

1.5 ml inh. 

1.5 ml inh. 

1.5 ml inh. 

1.5 ml inh. 

1.5 ml inh. 

2 ml inh. 

2 ml inh. 
r.cl. on w. 

I ml sol. 
I ml sol. 

* C. I ml H,O ppt. 
** C. 2 ml H,O ppt. All solutions colorless. 

Experiments were also carried out with 1c1 Na-glycolate, I .5 ,W K-tartrate, M Na-carboxy- 
methylmercaptosuccinate* l * (resemblance with citric acid) and 6 % Na-desoxyribonucleate. The 
results were analogous. 

* * * Hz’.-COOH 

H&-COOH 

4 

H,&COOH 
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V I I I  

s t r a t e  

PbSi03 MnSiOa FeSiOa * FeS (Si08 )3 * * CoSiOa NiSiO 8 

1.3 m l  i n h .  

0 .6  m l  sol .  

I m l  sol.  1.4 m l  sol.  w .  i m l  sol.  I.  5 m l  sol.  w .  
(a im.  co lor less )  

2 m l  sol.  1.4 m l  sol.  w .  i m l  sol.  w .  I m l  sol.  w .  
(blue) o n  s t .  2 '  

1. 5 m l  sol.  2 m l  sol.  w .  I m l  sol .  1. 5 m l  sol.  
(p ink)  w .  o n  s t .  

0. 5 m l  sol.  1. 4 m l  sol .  0 .8  m l  sol .  I m l  sol.  w .  
o n  s t .  (p ink)  
3 m l  i nh .  3 .4  m l  i n h .  I .  5 m l  i n h .  1.5 m l  i nh .  

(pa l e  p i n k )  
3 m l  i nh .  2 m l  i n h .  I .  5 m l  i nh .  1. 5 m l  i n h .  
(g reen)  
2 m l  sol.  

0 .3  m l  sol .  o 

0. 4 m l  sol.  w .  

4 m l  sol .  

5 m l  sol .  2.5 m l  sol.  
2 m l  i n h .  

2 m l  i nh .  

o . I  m l  sol.  
o n  w.  f l a k e s  
o f  SiO~ 
2. 5 m l  sol .  
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TABLE X X l I  

NUCLEATLS 
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Solvenl Remarks Substrate zo% Sodium celIuronate 

Ca-nucleate 2 ml inh. pH 7.2 
r. cl. on w. 

Al-nucleate i ml sol. w. pH 6 
r. cl. up to pH 8 

La-nucleate i ml inh. pH 6 
r. cl. at  pH up to 8 

Ce-nucleate i ml sol. on st. 3'  pH 8 

UO2-nucleate i ml sol. pH 6 
r. cl. at  pH up to 8 

Ferric-nucleate i ml sol. on sh. pH 5 
r. cl. up to pH 7.5 

M[ioo Quinine sol. r. cl. up to pH 7 
nucleate 

M]ioo  Strychnine sol. r. cl. up to pH 7.5 
nucleate 

C. 2 ml H20 clear, turbid on w,, 
remains t. on cooling 

Ca-nucleate sol. by M Na malate 
at  pH 5.5-7.5 

TABLE X X I I I  

V A R I A  

Ferricyanides and Cobaltieyanides : results are analogous to those obtained with Ferrocyanides. 
Gallium: Ga(OH)8 and Ga4[Fe(CN)s]~ are solubilized by M PP, M[2 TP, and M NaG. 
Magnesium fluorophosphate: The precipitation of Na-fluorophosphate by Mg-acetate is delayed 

on previous addition of 5 % RN or 6 % DRN. 
Alginates: Cu-, Mg-, Ca-, Al-, Mn-, Fe(II)-alginates are solubilized by M MP, M PP, M[2 TP, 

M EMP, M NaG and 5 % RN. Mercurous alginate is solubilized by M MP, M PP, M]2 TP, M Na Pyr.  
on warming. 

Pectates: Mg-, Ca-, Al-, Fe(II), Fe(III), Mn-pectates are solubilized by M MP, M EMP, 5 % RN. 
Calcium humate: prepared from the soluble Na- or NH4-salt. Typical turbidi ty on warming. 

The precipitation is inhibited when M MP, M PP, M]2 TP or M EMP are previously added. 
Basic Caleium-gluconate is solubilized by M Na malate and 5 % RN; pH i i .  
Calcium-/ructose-diphosphate: This compound is soluble in cold and insoluble in hot  water. 

Notoriously a suspension of the insoluble Ca-salt redissolves on cooling. The hot-precipitation is 
inhibited on addition of m a n y  inorganic and organic "solvents" which are mentioned before. 

In a similar manner  the precipitation of numerous  natural ly occurring acids by salts o/alkaline 
earth and rare earth metals (Ce, La, Y, Pr, Nd etc.) is prevented. 

8-Hydroxyquinoline compounds : 
o/ RN. Cu-compound: inh. with 5 /o 

Precipitat ion of Zn-compound:  inh. with M/2 TP and 5 % RN. 
Co-compound: inh. with M/2 TP and 5 % RN. 
Ni-compound:  inh. with M EMP and 5 % RN. 

Alkali salts of propanediol phosphoric acid, 5-phospho-D-arabonic acid, phytic and 3-phospho- 
D-glyceric acid have been proven as good "solvents".  

Par t  of the description of the phenomena under consideration may  be amplified by the s ta tement  
tha t  neutral  salts are now found capable of accomplishing in a far more general way tasks previously 
assigned to a limited extent  to free acids or alkalis. The exact  mechanism involved mus t  natural ly 
differ for various types of reacting substances. The effects due to multifunctional groups, auxiliary 
valences, intra- and intermolecular and interionic forces, association, simple addition and coordination 
compounds, chelates, molecular compounds and aggregates of higher order, clathrates, al]~ play a 
part .  Exper iments  dealing with the various systems will be reported in a later communication.  
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S U M M A R Y  

I t  could be shown  t h a t  t he  sal ts  of inorganic  acids, and  especial ly of a grea t  n u m b e r  of organ  ic 
ac ids  are capable  of solubil izing insoluble  minera l  cons t i t uen t s  and  organic mater ia ls ,  or of p r e v e n t i n g  
the i r  prec ip i ta t ion .  These  c o m p o u n d s  are formed from e lemen t s  which  belong to all t h e  groups  of 
t he  periodic s y s t e m  and  to the  m o s t  different  classes.  T he  so lvents  are found  eve rywhere ;  t h e y  are 
ob l iga to ry  in termediar ies ,  con t inua l ly  reformed,  or final p roduc t s  of me tabo l i sm,  or cellular con- 
s t i t uen t s .  T h e y  pe r fo rm a t  t he  s ame  t ime  the  func t ion  of carrier  of the  solubil ized mater ia l .  The  
t r a n s f o r m a t i o n  p roduc t s  of ma te r i a l s  of h igh  molecular  weight  which  can  form sal ts  are of ten  excel lent  
so lven ts .  The  genera l  impor t ance  of these  p h e n o m e n a  is discussed.  

Rt~SUMt~ 

Les  a u t e u r s  on t  m o n t r 6  que  les sels d ' ac ides  inorgan iques  et  s u r t o u t  de n o m b r e u x  acides  organi-  
ques  son t  capables  de rendre  solubles  des c o n s t i t u a n t s  m i n 6 r a u x  et  des  mat i~res  o rgan iques  insolubles  
ou d ' emp6che r  leur pr6cipi ta t ion.  Ces composds  p e u v e n t  con ten i r  des  616ments a p p a r t e n a n t  A t ous  
les groupes  du  sys t~me  p6r iodique et  faire par t ie  des  classes de corps les p lus  diverses.  Les  " s o l v e n t s "  
se t r o u v e n t  p a r t o u t :  ce son t  des in term6dia i res  obligatoires,  reform6s con t inue l lement ,  ou des  p rodu i t s  
f i naux  du  m6tabo l i sme ,  ou b ien  des c o n s t i t u a n t s  cellulaires. Ils r empl i s sen t  en  m 6 m e  t e m p s  la fonct ion  
de v6hicule  de la mat i~re  solubilis6e. Les  p rodu i t s  de t r a n s f o r m a t i o n  de mat i~res  ~ poids mol6culaire  
61ev6 qui  p e u v e n t  fo rmer  des sels son t  s o u v e n t  des excel lents  solvents .  L ' i m p o r t a n c e  g6n6rale de 
ces ph6nom~nes  es t  discut6e. 

ZUSAMMENFASSUNG 

Fiir  Salze anorgan i sche r  u n d  n a m e n t l i c h  zahlre icher  organischer  Siiuren wird die FAhigkei t  
nachgewiesen ,  unl6sl iche Minera lbes tandte i le  u n d  unl6sl iche organische  Mater ia l ien  in L 6 s u n g  zu 
b r ingen  oder  vor  d e m  Ausfa l len  zu bewahren .  Die V e r b i n d u n g e n  k 6 n n e n  allen G r u p p e n  des  perio-  
d i schen  S y s t e m s  u n d  den  ve r sch i edens t en  K6rpe rk l a s sen  angeh6ren .  Die L 6 s u n g s m i t t e l  s ind  ubi-  
quitAr, sie s ind  fo r t l au fend  neu  geschaffene obl igator ische Zwischens tu fen  oder Ende rzeugn i s se  des  
Stoffwechsels  oder  Zel lbestandtei le .  Sie erfiillen zugleich Sch lepper funk t ionen  fiir die solubilisierte 
Mater ie .  Salzbi ldende U m w a n d l u n g s p r o d u k t e  hochmoleku la re r  S u b s t a n z e n  erweisen sich oft  als 
t reff l iche Solvent ien .  Die a l lgemeine  B e d e u t u n g  dieser E r s c h e i n u n g e n  wird dargelegt .  
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