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The ionization behavior of retinoie acid (RA) incorporated in unilamellar vesicles of different lipid compositions and in 
biological membranes wr,s studied. Titration of RA in the various membranes was followed by monitoring the red shiR in the 
absorption maximum of RA that occurred upon deprotonation. It was found that. similar to other hydrophobic carboxylie acids, 
the prolnna-'ed form of RA is stabilized by incorporation into bilayers vs. RA monomers in an aqueous phase. The pK of RA in 
bilayers comprised of neutral phospholipids v, as approximately 7 regardless of the composition of the fatty acyl chains. 
Incorporation of RA in bilayers comprised of negatively charged phospholipids stabilized the protonated form to a larger ext,'nt 
vs. neutral lipids, resulting in pK's that were about 1 pH unit higher The i,Jnization behavior of RA in plasma membranes from 
rat li,'.'.'r and in erythrocyte membranes was similar to its behavior in negatively charged bilayers. The data indicate that RA 
incorporated in membranes is predominantly protonated at physiologic pH. 

hdroduction 

Retinoids are known to affect the protlerties of lipid 
bilayers and membranes. These compounds increase 
the permeability of membranes to ions and to non 
electrolytes [!-5], modify the gel to liquid crystalline 
phase transition of bilayers [4,6], and their presence 
increases the molecular ordering within lipid bi!ayers 
and membranes [6-9]. Few studies in which the loca- 
tion of retinoids within bilayers and the interaction:; of 
these ligands with phospholipids were reported. It was 
concluded from NMR and ESR studies of all-trans.~et- 
inol and -retinoic acid incorp:n'ated in lipid bile:~ers 
that the end groups of the tctinoids are anchored at 
the polar group region of the bilayers and that the 
polyene chain extends into the bilayer along the lipid 
chains [6,9]. A recent study of the kinetic parameters of 
the interactions of retinoi with lipid hilayers suggested 
that a rate determining step for dissociation of retinol 
from lipid bilayers involves breaking a hydrogen bond 
between the hydroxyl end group of retinol and the PC 
head group regio, [I0]. This conclv~3on agrees with the 
positioning of the end group of retinoids close to the 
head group of phosphol~pids within a bilayer. 

C?orrcspondcncc: N. Noy, Department of Medicine, Cornell Univer- 
sity Medical College. New York. NY 1002l, USA. 

Some discrepancies exist in the literature regarding 
the details of the ir.teractions of retinol and retinoic 
acids with lipid bilay,:rs. It wa~ concluded from the 
NMR study mentioned above [6] that the perturbation 
of bilayer packing by retinol is more pronounced than 
by retinoic acid, an observation that was interpreted by 
the authors to indicate that the solubility of letl.tolc 
acid in lipid bilayers is lower than the solubility of 
rctinol. On the other hand, EPR measurements showed 
~hat re.tinoic acid displayed more pronounced mem- 
brane effects vs. retinol [9,11]. It was sugg¢ 3ted in that 
study [9] that due to the strongly hydro[q,ilic nature of  
the end group of retino[," a~:~_t, when retinoic acid is 
incorporated in bilayers comprised of lipids with satu- 
ratt d acyl chains, it is phced  higher within the r~em. 
brahe as compared to r~.tinol, so t~at the ear'~oxyl 
gro~,tp projects into the aqueous interface. It wa~ fur- 
thgr suggested [11,12] that when incorporated in bilay- 
ers .:omprised of lipids with unsaturated acyl chain 
(18:1 A9,cis) ,  the 'bend'  associated with the c/s config- 
uratioh double b~md of ~he lipid acyl chain creates a 
space iato which the cyclohexane ring of a retinoid is 
constrained to fit, and that in such bilayers, a lower 
location will be imposed on retinoic acid. 

An important quest;.q~,~.~z.",gd~g the i,teractions of 
retinb,, ~ ' ~ ; ~  ~')-',.~t~. ~g=y~is i~ :.~he.',~,~r the carboxyl 
group cf  this retinoid is protonated or whether it is 
negatively charged at physiological pH. The ionization 
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state of RA will influence the interactions of this 
retinoid with the head groups of pbospholipids and 
with water at the membrane interface, which may, in 
turn, affect the location of this retinoid within the 
bilaver and its ~teract,.'en~ '::i*,h the hydroph~bic core. 
In the present study, the ionization state of RA incor- 
porated in unilamellar vesicles comprised of different 
phospholipids and in membranes was investigated. 

Materials and Me,hods 

l.ipids were oblaincd from Avanti Polar Lipids. All- 
t rans- re t ino ie  acid was obtained from Kodak. All other 
chemicals ,sere from Sigma Chemical Co. Male Wistar 
rats weighing about 300 g wele obtained from Charles 
River Breeding Laboratories. 

Membranes. Unilamellar vesicles were formed by 
sonication [13] prior to the addition of RA. Phospho- 
lipids in chloroform solution were pipetted into a flask 
and the organic solvent was removed in a rotary evapo- 
rator. The lipid residue was further dried under vac- 
uum for 2 h and hydrated for 1 h in 50 mM Hepes (pH 
7.5) containing 100 mM KCI. Lipids were frozen and 
thawed 10 times to obtain a fully hydrated suspension 
of n,u~,;;,,~r'~la: ~'csi~:ies (MLV's). Sonicated vesicles 
were prepared from the MLV suspension using a 
Heat-System sonicator (W350 cup horn) in a scaled 
tube under a nitrogen atmosphere, and centrifuged at 
100000 x g  for 15 rain to pellet multilame!lar vesicles. 
Rat liver plasma membranes were isolated on a discon- 
tinuous sucrose gradient as described in Rcf. [14]. 
E.%'thoc~,,:e ghosts were prepared from rabbit red blood 
cells (PeI-Freeze, Rodge':s, AK). Cells were lyscd ac- 
cording to Dodge et al. [15]. Erythocyte ghosts were 
prepared using a Milipore Pellicaon Cassette system 
with a HVLP 0.45 p.m filter [16]. Ghosts were washed 
twice with 0.15 M NaCI in 5 mM Na2HPO 4 (pH 8.0) to 
remove the spcctrin and the last traces of hemoglobin, 
re-suspended ~n 36 mM Na2HPO 4 (pH 7.5) and frozen 
rapidly. Coneentration~ of phospholipid~ in vesicles 
and in membranes were determined by the phosphorus 
content [17]. 

Titration of retinoic acid incorporated ut ntembranes. 
Vesicles or membranes were diluted with water to a 
final concentration of about 150/zM. The final mixture 
contained 0.:5 mM Hopes (pH 7.5) and 1 mM KCL RA 
was added from a concentrated solution in ethanol to a 
concentration of 2 tool% RA/lipids. This low concen- 
tration of RA was chosen because it is not expected to 
affect the properties of the bilayers significantly [6,9,11] 
but is high enough to be observed by its absorption. 
The mixture was incubated for 30 rain, and the titra- 
tion was carried out by addition of dilute solutions of 
either HCI or NaOI-I, the pH was measured by a Sigma 
Tris electrode using a Radiometer Research Grade pH 
meter. The absorption of the mixture at various nH 

values was measured using a computer driven Cary-14 
spectrophotometer (On-Lir.c lasuumcms). ~ui'fers and 
assay mixtures were purged with argon before use to 
minimize oxidation of RA, and mixtures were kept in 
the dark whenever possible. Titrations and absorption 
measurements were carried out in dim light. 

Calculation of  theoretical Henderson-Hasselbach 
cun'es. To calculate the theoretical Henderson-Has- 
selbach curves, the limiting ratios of 340 nm/380 nm 
or 340 nm/360 nm (Rm~ ~ and Rmi .)  were used to 
express the fractions of ionized RA. 

[RA-  ] / ( [RA  " ] + [ R A H I ) = ( R -  Rmi,)/(Rma~- Rm,n) (1) 

RA- and RAH in expression ! represent the concen- 
trations of the ionized and the protonated RA, respec- 
tively. Expression ! was solved for the ratio 
[RA-]/[RAH]. This ratio was substituted into the 
Henderson-Hasselbach equation and Eqn. 2 was ob- 
tained. 

pH = pK + I~g[(R- Rmin)/(Rma x - R)] (2) 

The experimentally obtained pK values was used in 
Eqn. 2 to ca!culate pH values for given R values. 

Results 

Effect of  pH on the absorption spectrum of RA incorpo- 
rated in lipid bilayers 

The absorption spectra of RA incorporated in vesi- 
cles of l-palmitoyi,2-oleoylphosphatidylchoiine (POPC) 
at pH values ~" and 10 are shown in Fig. 1. The 
absorption maxima were at 336 ~im and at 360 nm at 
pH 10.5 and at pH 3.0, respectively. Am= ~ shifted con- 
tinuously as a function of the pH between the constant 
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Fi~:. I. Ab~rption spectra of |~A incorporated iq unilamellar vesicles 
of POPC at pH 4 and pH 10.5. RA t3/tM) was added Io an aqueous 
suspe.~l~cion of vesicles compt'iscd uf POPC (150 #M lipids). The pH 
of the mixture v,'as adjusted by the addition of either NaOH or HCI. 
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Fig. 2. Absorption ratit~ A34an m/A3Kon m as a function of pH for RA 
incorporated in w~sich:s of POPC. Incor,',,oration of RA into the 
vesicles and titration were carried out as described in Methods. 
Circles and triangles ],:present. respectively, experimental points and 
points calculated for ithe theoretical Henderson-Hasselbach curve 

(see Methods). 

values reached at low and at high pH ranges. The shift 
;n Area x was completely reversible when th= pH of the 
solution was adjusted from 10 to 4 and back. The 
progression of the shift in Ainu was monitored by 
following the absorption ratio A ~ I  nm/A36o am" This 
ratio as a function of pH was a sigmoidal function that 
reached constant values at both low and high pH 
values (Fig. 2). At these extremes of pH, it was as- 
sumed that RA existed as the fully protonated form or 
as the anion, respectively. An apparent pK for RA 
could thus be abtained at half the maximal change. 
The value of the pK for RA in bilayers of POPC was 
7.1 (Table 1). The experimental titration curve was 
compared with :he theeretica! Hcndcrsor,-Hasselbach 
curve (calculated as detailed in the Methods) and 
showed very good agreement (see Fig. 2). Incorpora- 
tion of RA into lipid bilayers ~.hus seems to stabilizes 
the protonated form of RA as compared with RA 
monomers in :~n ~queous solution, the pK of which is 
< 6.1 (accompanying manuscript, Ref. 33). This effect 
of lipid bilaycrs on the ionization behavior of RA is 
similar to the effect of phospholipids on the ionization 
of fatty acids ~md bile acids [18-20]; e.g. it was found 
that the pK values of cholic acid monomers in water 
and of cholic acid in egg yolk phosphatidyleholine 
vesicles were 4.98 and 7, respectively [18], 

The p t~ o f  ~ bt u;dlamellar ceslcles comprised of neu- 
tral phospholipids 

The shift in tire absorption maximum of RA upon 
ionization was utilized to measure the pK of RA 
incorporated in unilamelhlr vesicles comprised of dif- 
ferent phospholipids. Shown i~ Fig. 3 are remesenta- 
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TABLE 1 
Apoarent pK values of retinoic acid incorpmated in unilamellar vesicles 
of different phospholipids and in membranes 
The OK values were obtained from titration curves as described 
under Methods and in the legends to the figures, Values presented 
are means of two determinations for each membrane population. 
Variations between measurements were 0.05-0.1 pH units. 

Bilayer pK 

Neutral lipids 
DioleoylPC (t8:1 Ag,cis) 6.9 
DielaidoylPC (18: I A9,trans) 6.8 
DipetroselinoylPC ( 18: I A6,ci~) 6.8 
Palmitoyl,oleoylPC (16,18:1 A9) 7.1 
70% dioleoylPE + 30% dioleoylPE 6.9 

Ap[onic lipids 
Dioleoylp2msvhatidi¢ acid (DOPA) 8.0 
90% dioleoylPC+ 10% DOPA 8.0 
Palmitoyl,oleoylphosphatidyigly¢¢~'ol 8.4 

Membranes 
l~at liver plasma membranes 8.4 
Erythocytes 7.8 

tive titration curves of RA incorporated in the bilayers 
of vesicles comprised of PC's with acyl chains with 18 
carbons and a singh: double bond: dioleoylPC 
(18:1 A9,c/s), dielaidoy|PC (18:1 Ag, trans), and dipet- 
roselinoyl (18:1 A6,c/S),. The apparent pK values of 
RA incorporated in these bilayers are given in Table I. 
The data show tbat the pK of RA in all of these 
bilayers is in the narrow range 6 8-7,1. The pr~sence 
of a 'bend' in the lipid acyi chain, which is pre~:ent in 
the lipids with a c/s-configuration double bor.d and is 
absent in the trues-configuration (diehtidoyIPC), and 

1.40 

I.,35 • *~.  

1.3o 

1,25 

<~ 1.20 

1,15 

E 1.1o 
<~ 1.05 

t,00 

0,95 

0.90 

O,6S I 

3 4 5 6 7 8 9 10 
pH 

Fig, 3. Absorption ratio A 340 nm / A 3m nm as a function of pH for RA 
incorporated in vesicles of comprised of dioleoylPC (]8: I A9,cb) 
(o), dicl~idoylPC (18: l  Ag, trons) (t~) and dipehoselinoylPC 

(18:! 46,cb) (e). 
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the exact location of such a 'bend'  (A9 in DOPC and 
A6 in dipetroselinoylPC) did not affect the pK of RA 
incorpo:r,~tcd in these bilayers (see Discussion). RA 
was also, titrated following its incorporation into vesi- 
cles comprised of the mixture 70% dioleoylPC and 
30% dio!eoylphosphatidylethanolamine. The value of 
the apparent pK values for RA in bilayers comprised 
of this mixture and in bilayers comprised of POPC 
discussed above (Table 1) indicate that the presence of 
an asymmetric phospholipid (POPC) or of another 
neutral phospholipid (DOPE) also does not affect the 
pK of RA incorporated in bilayers. 

The ionization behavior o f  RA in unilamellar cesicles 
comprised o f  anionic lipids 

In Fig. 4 are shown representative titration carves of 
RA incorporated in unilamellar vesicles comprised of 
phospholipid which carry a net negative charge: di- 
olcoylphosphat~dic acid (DOPA) and l-palmitoyl,2- 
oleoylphosphatidylglycerol (POPG). The pK  values of 
RA incorporated in these bilayers (Table l) were 1-1.5 
pH units higher vs. RA incorpoi'ated in neutral phos- 
pbolipids, i~dicating that the interactions between RA 
and lipids in these bilayers stabilize the protonated 
form of RA to a greater extent th::n the interactions in 
neutral lipids. When RA was incorporated in vesicles 
comprised of 10% DOPA and 90% DOPC, tF, c pK 
was 8.0, which was identical to the pK of Rg~ in pure 
DOPA bilayers. This observation indicates thai RA in 
the mixed bilayer is preferentially associated with 
DOPA tsee Di~ussion). 

The ionization behat'ior o f  RA in intact membranes 
in Fig. 5 arc shown representative titration curves 

for RA incorporated in plasma membranes isolated 
from rat liver and in membranes isolated from erytho- 
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Fig. 4. Aiy~oipiion ratio A340n m ,/A-~I nm as a function of pH tot P,.A 
incorporated in vesicles of comprised of POPA (,.3), DOPC+ POPA 

( z~ ) and POPG (o). 
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Fig. 5. Absorption ralio A3~)n m/A3~)n m as a function of pH for RA 
incorporated in plasma membranes i~latcd from rat liver (c, ~ ) 
and from ewtho~tes fo; • ). Circles represent experimental points 
and triangles represent points calculated fur the theoredca! F;ender- 

son-Hasselbach curve (see Method=. ~ 

cytes. The pK values derived from these titrations 
('fable I) indicate that the ionization behavka- of RA in 
these membranes is similar to the behavior in bilayers 
c~.,'n.pri~c.4 of negatively charged phospholipids. The 
shift in pK to higher values was more pronounced in 
the liver plasma membranes than in the erythocytes 
membranes (see Discussion). 

Discussion 

The data obtained in the present study clearly indi- 
cate that incorporation of RA into li.n':d bilayers and 
into membranes stabilizes the protonated form of RA 
vs. RA monomers in an aqueous phase. Thus, the 
values of the pK  of RA in various bilayers and mem- 
branes were in the range 6.8-8.5 while the pK  of 
mom~meric RA in water is lower that 6.1 (accompany- 
ing paper [33]). A shift in the pK values of  amphi- 
pathic carboxylic acids to higher values by incorpora- 
tion into phospho!ipid bilayers has been reported for 

" fatty acids and for bile ,acids [18-21] and seems then to 
;~e a general outcome of the interactions of such acids 
within phospholipid bilayers. These phenomena aloft 
likely reflect the partial shielding of the carboxyl group 
from the bulk aqueous phase by the less polar environ- 
mcnt of the lipid bilaycr. 

The ionization behavior of  RA incorporated in hi- 
layers of phosphatidylcholines with different acyl chain 
compositions was studied. The acyl chains tested in- 
cluded 18:1 A9,cis and 18:! 3o,trons. These we,:e 
studied in order to investigate the effect of the pres- 
ence of a 'bend'  in the acyl chain, which in introduced 



by the cis-configuration double bond and it absent in 
the trans-configuration, on the ocee~sihility of the ear- 
boxyl group of RA to the aqueous phase, as can he 
monitored by its pK. Thu,~. if the presence ot a cis-con- 
figuration double bond impo~es a lower (more shielded) 
location within the membrane on rctinoic acid vs. the 
presence of a straight chain, as was postulated (Ref. 
11, see Introduction), the pK of RA would be higher 
in bilayers with a c/s- vs. a trans-doubie bond. The data 
(Table i) show that this is not the ease. Neither the 
presence of a cis-configuration double bond nor the 
location of such a bond had any significant effect on 
the pK of RA incorporated in the bilayers, in addition, 
titration of RA incorporated in bilayers with asymmet- 
ric acyl chains (POPC), and in bilayers with mixed head 
groups (DOPC + DOPE) showed that these variations 
also did not affect the accessibility o ~, the RA end 
group to the aqueous phase, i.e. the positioni~.g of RA 
within the bilayers. In fact, the pK values of RA 
incorporated in all the bilayc:s co~npfised of ncutra| 
(zwitterionic) phospholipids studied were found to be 
in the narrow range 6.8-7.1. 

The ionization behavior of RA incorporated into 
bilayers of the negatively charged phospholipids DOPA 
and DOPG was a!so studied. The data show that the 
protonated form of RA is stabilized to a larger extent 
within bilayers oY the acidic vs. the neutral phospho- 
iipids studied, as is evidenced by the shift in the pK of 
RA to higher values (Table I). Theoretically, the pK of 
m:ds incorporated in lipid bilayers will be influenced 
by: (1) the local H + concentrations; and (2) the envi- 
ronment of the ionizable group, i.e. its location within 
the hilayer [21]. The negative surface charge of bilayers 
comprised of anionic lipids creates a H + concentration 
gradient so that concentrations of H L are higher at the 
lipid/water interface vs. the bulk wate" [22]. This 
concentration gradient may affect the pK of carboxylic 
acids incorporated in the bilayers. The shift in the pK 
of RA in bilayers comprised of acidic phespholipidg 
may also reflect a deel:er !neat|on within the:;e bilayers 
as compared to its location within bilayers ,~f neutral 
lipids. We would like '.o suggest that the observations 
may be explained, at least partially, by the difference 
between the preferred molecular conformation of zwit- 
terionic pbospholipids [23-26] and the conformation of 
acidic pbospbolipids [27,28]. As is shown in Fig. 6, the 
hydrocarbon chains in both zwitterionic and acidic 
phospholipids are stacked parallel to each other and 
are oriented perpendicular to the plane of lhe bilayer. 
However, the glycerol backbone is oriented approxi- 
mately perpendicular to the plane of the bJlayer in 
zwitterionic lipids (Fig. 6a) and parallel to the ~lane of 
the bilayer in acidic ilpids (Fig. 6b). Consequently, the 
head group of the lipid (R in Fig. 6) is ex~:.~.ded 
further into the aqt~eous phase ha neutral w~. in acidic 
lipids. Since, as w~s discussed in the Introdt:ction, RA 
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(a) (b) 
Fig. 6. Preferred molecular conformations of dimyristoylpbospha- 
fidylcholine (a) and dimyristoyiphosphatldlc acid (b) showing the 

difference in glycerol back bone orientation (see text). 

witldr, bilaycrs is positioned with the end group close 
to the phospholipids head groups, the carboxyl group 
will be extended further into the aqueous phase along 
the head group of a zwitterionic lipid and will bc 
located deeper in a bilayer comprised of acidic lipids. 
The observations reported here, indicating that the 
protonated form of RA is stabilized to a larger extent 
upon incorporation of this ligaod in acidic vs. neutral 
phospholipids, can thus be understood in terms of a 
lower, more shielded, location of RA in the negatively 
charged bilaycrs. 

The data in Table ! show that incorporation of 10 
reel% of the negatively charged lipid DOPA in vesicles 
of DOPC containing RA, was sufficient to result in a 
pK of RA that was identical to the pK in pure DOPA 
bilayers. This pK value was 1 pH unit higher that the 
pK of RA in pure DOPC bilayers. This observation 
may reflect stabilization3 of the protonated form of RA 
by the negative surface charge of bilayers containing 
acidic lipids as discussed above. I f  this interpretation is 
correct, it seems that a maximal effect was reached 
with 10 mole% of acidic lipid in an otherwise neutral 
bilayer. Alternatively, the data can be understood by 
specific interactions of RA with acidic lipids resulting 
in preferential association of RA ~[z'.i ,ieg,itlv.qy 
charged iipids within a mixed bilayer, Such an assccia- 
tion may be stabilized by formation of a hydrogen bond 
between "he negative charge of tile oxygens of the 
phosphate in the end group of DOPA and the proton 
of the RA carboxyl group. 

Further studies are needed to clarify the origin of 
the apparent increase in pK of RA by the presence of 
acidic lipids. The results, however, indicate that these 
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effects may have impor tan t  physiologica~ implications.  
Thus ,  the  p K  values o f  R A  incorpora :ed  in p lasma 
m e m b r a n e s  isolated f rom ra t  liver and  f rom erytho-  
c ~ e s  (Table I) show tha t  a l though  a la, ge f iac t ion o f  
the lipids in intact  m e m b r a n e s  is compr i sed  o f  neut ra l  
lipids (PC's  and  PE's) ,  RA,  in these membranes ,  dis- 
p layed a p K  which was shif ted to  h igher  values. Based 
on  the  results  o f  the presen t  study,  these observat ion 
are  likely to  re:~lect the  presence  o f  regat ive iy  cha rged  
lipids, i t  is in teres t ing to note,  in regard  to this, tha t  
liver p l a sma  membranes ,  in which the p ,g  o f  R A  to 
was  shif ted 8.45, conta in  a l a rger  f ract ion o f  acidic 
lipi6s th~n ery thocyte  m e m b r a n e s  [29] in which the p K  
of  R A  was found  to he  7.75. Since most  biological 
m e m b r a n e s  ca r ry  some negat ively cha rged  lipids, a 
genera l  conclus ion tha t  can  be  d rawn  from the  da t a  in 
the presen t  work  is tha t  R A  in m e m b r a n e s  will be 
prcdoml..ta,=~,'..y pr,2,tonated at  phy~iologica! p H  O n e  
impor tan t  implicat ion o f  this conclus ion is tha t  biologi- 
cal m e m b r a n e s  are  not  likely to const i tu te  a ba r r i e r  for  
t r anspor t  o f  R A  be tween  cells a n d  subcel lular  or-  
ganelles .  The  ra te  by which amph ipa th i c  e a r b o ~ l i c  
acids cross  lipid bi iayers  is dramat ica l ly  af fec ted  by 
t h e h  iouizat ion state.  R A m  m c , l b r a n e s ,  at  physio-  
logical pH,  will be  a neut ra l  c o m p o u n d  and  can  be 
expected  to t raverse  memb~anes  in a m a n n e r  s imilar  to  
a n o t h e r  neut ra l  ret inoid,  all-trans-retinol, tha t  was  
shown to rapidly  a n d  spon taneous ly  cross m e m b r a n e s  
[10]. 

Since the  ionizat ion behavior  of  o t h e r  amph ipa th i c  
carboxylic acids like fat ty acids a n d  bile acids,  when  
incorpora ted  in bi layers  compr i sed  o f  zwit ter ionic 
phosphol ip ids ,  is s imilar  to  the behavior  o f  R A  re- 
por ted  here  [18-20] ,  we would  iike to ~uggcst tha t  the 
presence  o f  acidic  lipids will af fect  these c o m p o u n d s  in 
the same m a n n e r  it affects  RA,  i.e. that  thei r  p K  will 
bc  shif ted to h ighe r  values a n d  that ,  within biological 
m e m b r a n e s  a p r e d o m i n a n t  f ract ion o f  amph ipa th i c  
ca~cboxylic acids will be  p ro tona t ed .  
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