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Summary. Proteins in lysosomal membranes, lysosomes and 
within the transtubular network are readily accessible for 
electron microscopic analysis by a new three-step method. 
Oxidative deamination of tissue-bound amino acids by nin- 
hydrin in aqueous dimethyl sulfoxide and the concomitant 
formation of corresponding carbonyl groups comprise the 
first step. The addition reaction of thiocarbohydrazide to 
tissue-bound carbonyl groups comprises the second step, 
while the reduction of silver proteinate by tissue-bound 
thiocarbohydrazones is the final step of this sequential 
method. Glutaraldehyde-fixed and osmified ultrathin sec- 
tions of rat liver embedded in LR White were oxidatively 
deaminated for 24 h by 1% w/v ninhydrin in aqueous 75% 
v/v dimethyl sulfoxide (DMSO). They were then incubated 
for 40 rain in aqueous 1% w/v thiocarbohydrazide (TCH) 
and stained for 30 min at 50 ~ C with silver proteinate (SP). 
The ninhydrin-dimethyl sulfoxide-thiocarbohydrazide- 
silver proteinate (N-DMSO-TCH-SP) reaction proved to 
be chemically specific and highly selective for ultrastructur- 
al resolution of the internal structure of lysosomes and their 
protein components. We conclude that the N-DMSO-TCH- 
SP reaction is the method of choice for cytochemical eluci- 
dation of the protein ultrastructure of lysosomes and their 
enzymatic aggregates. 

Introduction 

The color reaction between ninhydrin and amino acids has 
been studied extensively since the early part  of  this century 
(Ruhemann 1911). Subsequent investigations of this reac- 
tion have led to the development of sensitive analytical pro- 
cedures for colorimetric quantification of amino acids in 
biological samples (Moore and Stein 1948; Moore 1968). 
In contrast to analytical biochemistry, the ninhydrin reac- 
tion in its " s tandard"  form was found to be useless for 
histochemical applications (Gomori 1952). 

Nevertheless, taking advantage of the fact that reaction 
of ninhydrin with amino acids results in their oxidative 
deamination and formation of the corresponding carbonyl 
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groups, Yasuma and Ichikawa (1953) were able to demon- 
strate with Schiff's reagent the presence of carbonyls in 
oxidatively deaminated tissue sections. Since the introduc- 
tion of the ninhydrin-Schiff reaction into histochemical 
practice, its specificity and histochemical applicability have 
been evaluated by a number of investigators (Glenner 1963; 
Kasten 1963; van Dalen and van Duijn 1971). Conse- 
quently, the ninhydrin-Schiff reaction is generally accepted 
as a valid constituent of histochemical methodology for 
visualization of tissue proteins by transmission light micros- 
copy. 

It is readily apparent that thiocarbohydrazide (TCH), 
a reagent widely used in ultrastructural cytochemistry of 
carbohydrates, can also form addition derivatives with oxi- 
datively deaminated proteins, thus allowing their subse- 
quent Iocalization with silver proteinate (SP). Our prelimi- 
nary studies (Malinin et al. 1987) have indicated that oxida- 
tive deamination of proteins with ninhydrin is markedly 
enhanced by dimethyl sulfoxide (DMSO), a powerful cata- 
lyst in a number of  oxidation-reduction reactions (Szmant 
1971). We have also reported that tissue proteins oxidati- 
vely deaminated with ninhydrin in DMSO can be readily 
localized microscopically by SP staining of:their TCH addi- 
tion derivatives. 

For these reasons in this communication we present a 
detailed description of the ninhydrin-dimethyl sulfoxide- 
thiocarbohydrazide-silver proteinate (N-DMSO-TCH-SP) 
method for ultrastructural localization of oxidatively dea- 
minated tissue proteins by transmission electron microsco- 
py. 

Materials and methods 

Fixation and processing of tissues. Small pieces of liver from adult 
Wistar rats were fixed for i h at ambient temperature with 2.5% 
v/v glutaraldehyde in 0.1 M sodium cacodylate (pH 7.4) containing 
3% w/v sucrose. Fixed tissues were washed repeatedly with the 
same, sucrose-containing, buffer and then were divided into three 
sets. The first set of tissues was embedded directly into LR White. 
The tissues in the second set were osmified for 1 h with cacodylate- 
buffered 1% w/v osmium tetroxide. The tissues in the third set 
were incubated for 2 h at 37 ~ C in 0.5% w/v solution of a-amylase 
(EC 3.2.1.1) dissolved in 0.2 M sodium phosphate buffer (pH 6.8) 
and then fixed and embedded in LR White for subsequent analysis. 
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Dehydration of tissues and LR White embedding. All tissues listed 
in the preceding paragraph were dehydrated in graded ethanol 
solutions. They were then infiltrated with and embedded in "medi- 
um" or "hard" grades of LR White (London Resin Co.). We 
have used the following combined embedding procedures as recom- 
mended by London Resin Co. and by Newman (1987): 1. Three 
10-min rinses of tissue with 0.1 M sodium cacodylate buffer 
(pH 7.4). 2. Two 10q-nin rinses with 50% v/v ethanol. 3. Three 
10-rain rinses with 70% v/v ethanol. 4. Two 10-min rinses with 
absolute ethanol. 5. Dehydrated tissues were infiltrated with LR 
White overnight. 6. The tissues placed into gelatin capsules were 
embedded in fresh LR White. Since the sealed capsules should 
contain as little trapped air as possible, the capsules were sealed 
with inverted gelatin cups. The polymerization of LR White resin 
was carried out for 24 h at 60 ~ C. 

Ultrathin sectioning and electron microscopy. Silver to gold interfer- 
ence color sections were cut with a diamond knife (Diatome, Swit- 
zerland) on a LKB Ultratome III. The sections were then mounted 
on uncoated 300 mesh nickel grids. Prior to mounting of sections, 
grids were immersed in acetone (nanograde, Mallinckrodt), briefly 
rinsed with absolute ethanol and then air-dried on filter paper 
in a covered petri dish. After each reaction, the grids were again 
air-dried for at least 20 min. All sections were examined with a 
Philips EM 300 electron microscope. 

Oxidative deamination of tissue sections with ninhydrin. Three nin- 
hydrin (triketohydrindene hydrate) reagents were evaluated with 
respect to their deamination efficacy. Reagent A contained 1% 
w/v ninhydrin in distilled water. Reagent B was a 1% w/v ninhydrin 
solution in aqueous 75% v/v DMSO. Reagent C was prepared 
as a 1% ninhydrin solution in anhydrous DMSO. 

Oxidative deamination reaction was carried out for 24 h at 
ambient temperature by floatation of grids over the surface of 
about 1.0 ml of reagent dispensed into concave 1 cm diameter cavi- 
ties in a porcelain dish. 

Sections deaminated with reagent A were washed with distilled 
water. Sections deaminated with reagent B were washed with 75%, 
50% and 25% aqueous DMSO and finally with distilled water. 
Sections deaminated with reagent C were washed with anhydrous 
DMSO. Since, as will be shown later, the reagent B yielded the 
best results, it will be henceforth referred to as the standard dea- 
mination reaction. 

The addition reaction of thiocarbohydrazide ( TCH) to tissue carbon- 
yls. Deaminated sections were floated for 40 rain at ambient tem- 
perature over the surface of 1% w/v TCH in 10% v/v aqueous 
acetic acid. Thereafter they were rinsed with 5 % and 1% aqueous 
acetic acid and washed repeatedly with triple distilled water. 

Reduction of silver proteinate (SP) at elevated temperature (50 ~ C) 
by TCH addition derivatives. SP (Roboz) solutions were prepared 
immediately before use by sprinkling 100 mg of protargol-SP over 
the surface of 10 ml triple distilled water without stirring. The prep- 
aration of SP solution and the subsequent reduction of SP were 
always performed in total darkness. In accordance with the recently 
evolved procedure (Loet al. 1987), the hydrated sections were incu- 
bated in SP solution for 30 rain at 50 ~ C. Thereafter, the sections 
were gently blotted with filter paper, washed with triple distilled 
and air dried. 

Control reactions and procedures. In order to ascertain whether 
or not ninhydrin effects histochemically spurious deamination of 
substrates other than protein-bound amino acids, tissue sections 
were exposed to enzymatic degradation reactions prior to the stan- 
dard deamination procedure. In addition to a-amylase, mentioned 
earlier, RNase (EC 3.1.27.5), protease (EC 3.4.21.19) and lipase 
(EC 3.1.1.3) were also employed in control procedures. Tissue- 
bound RNA was degraded for 3 h at 37~ by 1% w/v RNase 
in distilled water, whereas protease was used as a 0.1% solution 
in 0.1 N HCL at 37 ~ C. Tissue-bound lipids were degraded by a 

procedure of Morii et al. (1982) employing 3 x 104 units of lipase 
dissolved in 7 ml of 0.05 M Tris buffer (pH 7.2) supplemented with 
1 ml of 2% w/v CaCla. The incubation of tissue sections in this 
solution was carried out for 2 h at 37 ~ C. Control of specificity 
of each single and tandem reaction was implemented as follows: 
osmified and nonosmified sections were a) incubated for 30 min 
at 50~ in SP solution, b) sections were incubated in aqueous 
75% v/v DMSO and thereafter in SP for 24 h and 30 rain, respec- 
tively, c) sections were incubated in 1% w/v TCH solution for 
40 min and for 30 rain in SP solution, d) sections were incubated 
in aqueous DMSO, and then exposed to TCH and SP solutions 
as specified previously, e) sections deaminated with the standard 
ninhydrin-DMSO solution were stained with SP. Nonosmified sec- 
tions were deaminated with the standard ninhydrin-DMSO solu- 
tion, and were incubated in TCH solution. Thereafter, they were 
osmified for I h and stained with SP. 

Reaction of deaminated sections with phenylhydrazine. Deaminated 
sections were incubated for 3 h at 60 ~ C in a solution of phenylhyd- 
razine prepared by dissolving 5 ml of phenylhydrazine in 10 ml 
of glacial acetic acid and by diluting the mixture with 50 ml of 
distilled water. Following the addition reaction with phenylhydra- 
zinc, sections were incubated in TCH solution and then stained 
with SP. Alternatively they were also stained directly with SP. Mor- 
phological reference standard for the above listed procedures was 
established by glutaraldehyde-fixed, osmified tissue sections stained 
with uranyl acetate-lead citrate (Reynolds 1963). 

Results 

Oxidative deaminat ion of osmified tissue sections with 
aqueous n inhydr in  (reagent A) followed by TCH addition 
reaction and staining with hot SP resulted only in slightly 
increased lysosomal argentophilia. It was characterized by 
the non-uni form deposition of silver particles over the sur- 
face of these organelles, and there was no evidence of any 
selective argentophilia. In contrast to the osmified sections, 
even these modest results were not  elicited in nonosmified 
sections. 

On the other hand, the standard deaminat ion reaction 
of osmified sections with ninhydrin in aqueous DMSO and 
the sequential TCH addition and SP reduction procedures 
have invariably yielded selective staining of lysosomes 
(Figs. 2a, b and 3 a, b) as well as protein containing entities 
within the lumina of the t ranstubular  network (Fig. 2a and 
b). 

As compared with lysosomes demonstrated convention- 
ally with uranyl  acetate-lead citrate (Fig. 1 a and b), lyso- 
somes revealed with the N-DMSO-TCH-SP  reaction se- 
quence were clearly delinated from the surrounding cyto- 
plasmic matrix by the strongly argentophilic, fenestrated 
lysosomal envelope (Fig. 2a  and b). Internally, the lysoso- 
mal matrix was clearly resolved into argentophilic and ar- 
gentophobic components.  The former were clearly recog- 
nized by tandem arrangement  of reduced silver particles 
varying in size from 50 to 100 A. Some lysosomes also con- 
tained either circuclar or ovoid chromophobic inclusions 
(Fig. 2a and b). In addition to lysosomes, deaminated gran- 
ular protein aggregates located within the lumina of the 
t ranstubular  network also exhibited unambiguous  argento- 
philia (Fig. 3 a and b). The individual granules of intratumi- 
nal argentophilic aggregates varied in size from 300 to 
500 A. A slight to moderate increase in contrast of  ribo- 
somes and polyribosomes was also noted. All other cell 
organelles as well as cell nuclei had no perceptible affinity 
for SP. In deaminated sections, the TCH addition reaction 
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Fig. l a and b. Glutaraldehyde-fixed, LR White embedded and osmified liver tissue stained conventionally with uranyl acetate and 
lead citrate. Note characteristically "fuzzy" and structurally unresolved appearance of lysosomes indicated by a r r o w s ,  a x 13500, b 
x 48000 

and the subsequent argentophi l ia  of  lysosomes and proteins  
within the lumina of  the t rans tubular  network was total ly 
abolished by phenylhydrazine.  However,  only a slight dimi-  
nut ion of  contras t  was noted elsewhere. Likewise, neither 
c~-amylase, RNase  or  lipase had any perceptible effect on 
the final result of  the N - D M S O - T C H - S P  react ion on lyso- 
somes. Only protease effected a wholly predictable  decrease 

of  argentophi l ia  in deaminated  organelles. In contrast  to 
lysosomes, lipase abolished subsequent local izat ion of  oxi- 
datively deaminated  protein  aggregates within the transtu- 
bular  network.  We stress that  all positive results enumer- 
ated in the proceeding descript ion were elicited only in tis- 
sue sections osmified pr ior  to deaminat ion.  When  osmifica- 
t ion was performed after deaminat ion  of  TCH addi t ion 
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Fig. 2 a and b. Glutaraldehyde fixed, LR White embedded and osmified ultrathin section of hepatocyte after application of the N-DMSO- 
TCH-SP reaction, a Lysosomes are indicated by a r r o w s  x 13 500. b Higher magnification x 48000 of the above field. Note characteristically 
fenestrated structure by lysosomal membrane, orderly pattern of argentophilic molecular aggregates within lysosomes and the presence 
of chromophobic lysosomal inclusion of as yet unknown significance 

react ion no evidence of  the subsequent argentophi l ia  was 
detected. The appl icat ion of  single or t andem reactions, 
e.g. TCH-SP,  DMSO-SP,  SP (listed in M M :  control  reac- 
tions and procedures) to nondeamina ted  tissue sections 
failed to yield any specific react ion product .  

In contrast  to slight and non-uniform deaminat ion  of  
tissue sections with aqueous ninhydrin (reagent A) and 
highly selective deaminat ion  effected by ninhydrin in aque- 
ous D M S O  (reagent B), no deaminat ion of  tissue sections 
was effected by ninhydrin in anhydrous  D M S O  (reagent C). 
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rig. aa. tmutaraldenyde-nxed, LR White embedded and osmified hepatic tissue after the application of the N-DMSO-TCH-SP reaction. 
Fenestrated structure of lysosomal membrane and the orderly pattern of the internal lysosomal macromolecular aggregates are clearly 
revealed, The a r r o w s  indicate the localization of argentophilic entities within the lumina of the transtubular network. Microscopic 
resolution of their components or constituent macromolecular aggregates seems to be beyond dispute x 48000. The i n ser t  of this figure 
( x 13 500) serves as a vivid reminder of a sharp contrast in the microscopic localization of these entities by means of the N-DMSO-TCH-SP 
reaction, b The explicit cytochemical proof of the specificity of the N-DMSO-TCH-SP reaction. In this case, lysosomes in oxidatively 
deaminated and osmified ultrathin sections were chromophobic after reaction with phenylhydrazine (see the text) and the subsequent 
TCH addition and SP reduction steps. Chromophobic lysosomes are indicated by a r r o w s  x 48000 
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Discussion 

The ninhydrin-dimethyl sulfoxide-thiocarbohydrazide- 
silver proteinate method is a series of independent reactions 
ultimately enabling visualization of oxidatively deaminated 
proteins by electron microscopy. It is reasonably easy to 
perform, but its practical implementation is determined by 
optimal conditions for each reaction. Therefore, we shall 
now consider these conditions in the light of  known chemi- 
cal mechanisms. The mechanism of oxidative deamination 
of protein-bound amino acids with ninhydrin was scrutin- 
ized in great detail by Ruhemann (1911), and consequently 
it is well understood. It was therefore fully expected that 
the conventional aqueous ninhydrin reagent (reagent A) 
would indeed deaminate protein-bound amino acids in ul- 
trathin sections of LR White embedded tissues. The subse- 
quent TCH addition reaction and SP staining of deamin- 
ated tissue sections did reveal that lysosomes and only lyso- 
somes were deaminated with reagent A. In interpreting this 
result we have to take into account quantitative data ob- 
tained by van Dalen and van Duijn (1971) in their analysis 
of  the ninhydrin-Schiff reaction. These investigators have 
shown conclusively that less than 40% of the amino groups 
originally present in the tissue section were deaminated with 
ninhyrin and that only 7% of these groups have reacted 
with Schiffs reagent. Thus only a very low yield of micro- 
scopically detectable Schiffs-positive protein derivatives 
can be demonstrated in fixed tissue sections - a fact well 
known by all who have ever used the ninhydrin Schiff reac- 
tion. 

Moreover, in tissue sections fixed conventionally with 
fixatives such as Carnoy's, no distinction can be made be- 
tween structural and enzymatic proteins after the ninhyd- 
rin-Schiff reaction. On the other hand, lysosomal enzymes 
within lysosomes were evidently deaminated with ninhyd- 
rin. We attribute these results to a relatively " loose"  pack- 
ing of lysosomal enzymes with lysosomes thus making their 
amino groups more accessible to ninhydrin as compared 
to the structural proteins elsewhere in the tissues. Nonethe- 
less aqueous ninhydrin (reagent A) proved to be unsuitable 
for facile localization of tissue proteins in ultrathin sections. 
Therefore to facilitate the deamination reaction and to en- 
hance its selectivity, we employed dimethyl sulfoxide 
(DMSO), a versatile catalyst in a number of oxidation- 
reduction reactions (Szmant 1971). 

Although DMSO was used in the past as a solvent of 
ninhydrin for photometric determination of amino acids 
(Kirschenbaum 1965; Moore 1968), its catalytic effect on 
the rate of deamination of amino acids was not studied. 
It was also reported that lysosomes are activated in vitro 
by DMSO (Misch and Misch 1967) and that lysosomal 
activation by DMSO is reversible (Misch and Misch 1969). 
These studies were extended further to include histochemi- 
cal activation of lysosomes in cryostat sections (Gander 
and Moppert  1969; Sanyal 1970; Misch and Misch 1973). 
In light of the well known electron accepting and electron 
donating properties of DMSO, its capacity to act as a nuc- 
leophilic reagent, a reducing agent, a hydrogen bond accep- 
tor and a ligand in the formation of solvates (Szmant 1971) 
- a pronounced effect of this reagent on the enzymatic reac- 
tions should cause no surprise. Unlike in frozen cryostat 
sections, no enzymatic activity can be retained by the osmi- 
fied tissue sections heated to 60 ~ C for 24 h, and therefore 
the enzymatic contribution to the N-DMSO-TCH-SP reac- 

tion is ruled out. As was noted previously, the relatively 
" loose"  packing of enzyme proteins in lysosomes and with- 
in the transtubular network probably accounts for the selec- 
tive deamination of these substrates by ninhydrin in aque- 
ous DMSO. In sharp contrast to the oxidation reactions 
effected by lead tetraacetate (Malinin 1976a) and by acetic 
anhydride (Malinin 1976b) in DMSO, ninhydrin in  anhy- 
drous DMSO did not deaminate any proteins. In this re- 
spect it behaved like DMSO-solvated periodate (Malinin 
1977), which likewise became totally ineffective as an oxi- 
dant of  tissue sections. These data indicate that the presence 
of water is essential for DMSO-mediated oxidative deamin- 
ation with ninhydrin. Although it was shown that water 
is an important factor in a number of DMSO-catalyzed 
reactions (Szmant 1971), in many instances the precise role 
played by water remains obscure. 

Next let us consider the practical aspects of the TCH 
addition reaction with the protein-bound carbonyl groups 
and their subsequent microscopic visualization with the in 
situ precipitated silver. Since the mechanism of the TCH 
addition reaction is well understood and was reviewed in 
detail (Schr~vel et al. 1981), there is no need to dwell exten- 
sively on this subject. It seems sufficient to reiterate that 
tissue-bound carbonyl groups react with TCH very rapidly, 
and as was reported elsewhere (Lo et al. 1987; Neiss 1988) 
even a relatively small number of thiocarbohydrazones ef- 
fect a facile reduction of SP. The latter reaction, if it is 
implemented at 50~ (Lo et al. 1987; Neiss 1988), then 
yields excellent localization of tissue-bound thiocarbohyd- 
razones. However, both reactions are influenced very much 
by the order of osmification relative to the TCH addition 
reaction. As was pointed out before, when the osmification 
o f  tissue sections precedes oxidative deamination and TCH 
addition reactions, then the deaminated proteins are easily 
visualized by the reduction of SP. On the other hand, when 
the reaction sequence was reversed, i.e. osmification of tis- 
sue sections was carried out after oxidative deamination 
and TCH addition reaction, then no subsequent reaction 
of any kind took place, and it was impossible to elicit pre- 
cipitation of either osminim black or Ag. These results 
seemingly contradict the data of Seligman et al. (1965) who 
reported that TCH addition derivatives of tissue carbonyls 
reduce osmium tetroxide or its intermediates. In view of 
the practical significance of this seeming dichotomy, a few 
pertinent comments are appropriate. It seems to us that 
this disparity of results can be tentatively resolved by invok- 
ing two possible mechanisms. The first and most simple 
explanation may be attributed to the likely electrostatic re- 
pulsion of solvated osmium tetroxide exerted by the poly- 
merized LR White and by thiocarbohydrazones embedded 
in this matrix. It may be of interest to recall that the 
same mechanism was proposed to account for the failure 
of DMSO-solvated periodate to oxidize in tissue sections 
even neutral polysaccharides such as glycogen (Malinin 
1977). The second, and in our view a more intriguing possi- 
bility, is that osmium tetroxide or its intermediate products 
are also "act ivated" in situ by DMSO and thus contribute 
to the oxidative deamination reaction by an as yet un- 
disclosed mechanism. 

In view of the importance of specificity attached to any 
histochemical method, we shall now consider the evidence 
for the specificity of the N-DMSO deamination reaction. 
Since it is well known that ninhydrin reacts with many 
compounds besides amino acids (Ruhemann 1911), a possi- 
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bility of  histochemieally spurious side reactions was taken 
into account.  However,  the results of  the N - D M S O - T C H -  
SP react ion per formed after the incubat ion of  ul t ra thin tis- 
sue sections in e-amylase,  RNase  and l ipase-containing so- 
lution failed to reveal any noticeable effect, thus allowing 
us to conclude that  no detectable side-reaction products  
were present. Likewise, all a t tempts  to form spurious reduc- 
tion products  by the appl icat ion to tissue sections of  re- 
agents in the order  listed in "Mate r i a l s  and me thods" ,  were 
of  no avail. These results suggest again that  oxidative dea- 
mina t ion  was the determinant  of  the subsequent T C H  addi-  
t ion and SP staining reactions. The explicit p r o o f  that,  in- 
deed, this is the case was derived from the react ion of  phen- 
ylhydrazine with oxidatively deaminated  tissue sections. As 
can be clearly seen in Fig. 3 b, phenylhydrazine  has com- 
pletely abrogated  the argentophi l ia  of  lysosomes and intra-  
tubular  protein aggregates thus allowing us to firmly em- 
phasize the highly specific and selective nature  o f  the N- 
D M S O - T C H - S P  reaction. At  this poin t  we would like to 
note that,  had  it not  been for the results obta ined with 
lysosomes and in t ra tubular  proteins,  the N - D M S O - T C H -  
SP method  would have had  very little to offer. Al though 
lysosomes and lysosomal  enzymes admit ted ly  were not  the 
initial object  of  this study, the results presented here seem- 
ingly meri t  a few remarks.  

Unlike lysosomes localized by the convent ional  uranyl  
acetate-lead citrate stain (Fig. 1 a and b), the internal struc- 
ture of  these bodies was clearly outl ined with the N - D M S O -  
TCH-SP method.  Even a cursory scrutiny of  these results 
strongly suggest that  lysosomal  enzymes within lysosomes 
are " p a c k e d "  in a highly ordered pattern.  Analogous  infer- 
ences can be made  concerning the highly ordered periodici ty 
of  the a rgentophobic  macromolecules  in lysosomal  mem- 
branes. A putat ive  suggestion that  the argentophil ic  aggre- 
gates within the lumina of  the t rans tubular  network could 
be lysosomal  enzymes, is fully consistent with the current  
views on trafficking of  lysosomal  enzymes (Kornfeld  1987). 
These in t ra tubular  aggregates have also exhibited a strong 
argentophil ic  and seemingly ordered structural  pa t te rn  thus 
al lowing us to infer that  they are closely related or  are 
identical with lysosomal  protein.  The fact that  they could 
not  be demons t ra ted  in tissue sections after degradat ion  
with lipase can be a t t r ibuted to the degradat ion  by lipase 
o f  the surrounding lipid matrix.  This makes  it possible for 
these aggregates to be solvated during reactions. 

In conclusion, we would like to d raw at tent ion again 
to the fact that  only L R  White,  and not  araldi te  embedding,  
is suitable for the implementa t ion  of  the N - D M S O - T C H - S P  
reaction. All  our  a t tempts  to elicit analogous results with 
the araldi te  embedded  mater ia l  have invariably failed. 
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