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Power-time curve (thermogram) of human epidermal keratinocytes in a 
primary culture of normal cells with a final cell number of 4.2 x 105 (a) 
and in a culture &the transformed line SV-K14 with a final cell number of 
5.5 x 10 5 (b). 

phere) in a l : l  mixture of D M E M  and Ham's medium F12 
containing 100,000 units penicillin, 100 mg streptomycin, and 
250 pg amphotericin B per 1 of the medium which was supple- 
mented with 5-10 % fetal calf serum depending on the batch. 
Preparation of  the cultures for calorimetric experiments. After 
aspirating the culture medium the Petriperm TM dishes were 
placed upside-down under a laminar flow hood. The outer side 
of the bottom membrane was sterilized by the addition of abso- 
lute ethanol which within 1 min was completely removed by 
aspiration. Then the membrane was cut out with a sterile scalpel 
and placed aseptically with the cellular side inwards in a heat-ste- 
rilized calorimeter vessel made of stainless steel (17 mm diame- 
ter, 80 mm height). After slowly adding 10 ml D M E M  (in which 
the sodium bicarbonate was replaced by 25 mM HEPES, pH 
7.2), the calorimeter vessel was closed tightly, prethermostated 
at 35.5~ for 15 min and introduced into a differential batch 
calorimeter (Bioflux from Thermanalyse, France). The reference 
vessel was treated in the same manner but charged with a blank 
Petriperm TM membrane. The calorimetric system was allowed to 
equilibrate for 20 min. Then the heat production rate was 
continuously recorded as a power-time curve (thermogram) at a 
sensitivity of 43.7 pV/mW. At the end of the experiments the 
Petriperm TM membranes were inspected microscopically. 
Protein determination. The cells were extracted with 4 ml 5% 
(w/v) trichloroacetic acid and then 'solubilized' in 4 ml 0.5 N 
NaOH. To 100 pl of these solutions, 700 gl 0.071 N HCI and 200 
p.1 Bio-Rad Protein Assay Dye Reagent (Bio-Rad Laboratories, 
Miinchen, FRG) were added. The samples were processed for 
protein determination as described in the protocol supplied with 
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the reagent. Bovine serum albumin, fraction V, was used as the 
standard. 
Results and discussion. The keratinocyte is the principal cell type 
of the upper layer of the skin, the epidermis. Its replication takes 
place in the basal cell layer from which the cells move upwards, 
undergoing a distinct program of terminal differentiation lead- 
ing to the dead horny layer. The time of transfer for one cell 
through the entire epidermis is about one month. 
Normal keratinocytes in primary culture preserve most of their 
in vivo properties although their differentiation program is in- 
complete 4. Confluent cultures consist of  differentiating cells and 
those with basal cell character. Their proliferative activity, how- 
ever, is very low as can be deduced from the few mitotic figures 
to be observed under the inverted phase-contrast microscope. 
The heat profile of such a culture is given in the figure (a). The 
fluctuations in the first hour are due to physical pertubations 
and thermal equalization. Within the next five hours, the power- 
time curve declines to a rather constant level representing an 
equilibrated energy metabolism. The increased heat production 
observed in the first phase of the experiment can be explained by 
enhanced metabolic activity due to the medium change and to 
the repair and replacement of cells which have been damaged by 
the transfer of the Petriperm TM membrane into the calorimeter 
vessel. From the plateau values of nine independent experiments 
a heat evolution ( i  SD) of (83 + 12) pW/cell or (207 4- 30) mW/g 
protein has been calculated which is of the same order of magni- 
tude as the values reported for other tissue cells 2" s, 6. 
Transformed cells are 'immortalized' and keep their prolifera- 
tive capacity v. Even under confluent conditions a large number 
of mitotic figures can be seen. The surplus of cells detaches from 
the support and dies. The higher metabolic activity of the trans- 
formed cells is reflected in the higher heat output of (134 4- 35) 
pW/cell or (334 4- 87) mW/g protein (fig., b) which has been 
calculated from 11 independent experiments. 
In conclusion, the described procedure using Petriperm TM tissue 
culture dishes provides a simple means for the calorimetric study 
of transformed and nontransformed anchorage dependent cells. 

* To whom all correspondence and reprint requests should be ad- 
dressed: Prof. Dr B. Schaarschmidt, Institut f/it Biophysik, Freie 
UniversitS.t Berlin, Thielallee 63, D-1000 Berlin West 33. 
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On the quaternary structure of Kinixys erosa hemoglobins 

M.A. Ayeni and A.A. Aboderin 

Department of  Biochemistry, University of  Ife, Ile-Ife (Nigeria), 25 January 1985 

Summary. Kinixys erosa hemoglobins TH I and TH u comigrate on SDS-PAGE with mol. wt of 18 kD. Consistent with their amino 
acid compositions, trypsinolysis of the succinylated molecules and hydrolysis of cyanylated THI~ yielded five and two fragments 
respectively. 
Key words. Chelonian hemoglobins; Kinixys erosa; quaternary structure; homomerism. 

In earlier publications l' 2 the isolation and determination of some hemoglobin fractions from red cell hemolysates of the testudinid 
physicochemical properties of electrophoretically homogeneous Kinixys erosa were described. 
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On the basis of the data on amino acid composition, and the 
mol. wt values determined by the gel filtration method of An- 
drews 3, a proposal was made as to the possible homomeric 
nature of the quaternary structure of the two hemoglobin frac- 
tions TH I and TH n. In addition, the putative repeating unit or 
protomer, with a molecular weight of about 18 kD, is larger than 
the normal vertebrate a or fl chain, and closer in size to the 
typical vertebrate myoglobin molecule, including that from the 
skeletal muscles of  K. erosa itselP. 
Not a few of the major physiological characteristics of vertebrate 
hemoglobins e.g. the sigmoidal ligand binding curve, the Bohr 
effect and the mode of action of modulators such as 2,3-diphos- 
phoglyceric acid have been attributed to the existence of a het- 
eromeric molecule. Indeed the existence of a homomeric hemo- 
globin, at least in the case of humans, is associated with a 
pathological condition 5'6. For this reason, and also because 
K. erosa is a representative of an order of reptiles (Chelonia) 
whose morphology appears to have remained unmodified since 
the initial divergence from the reptilian stock in the Permian 
some 250 My ago 6, it is of  some interest to inquire further into 
the quarternary structure of these hemoglobin molecules. This 
will contribute to ideas about the evolution of respiratory glo- 
bins v. 
Materials and methods. Diethylaminoethyl-(DEAE)-Sephacel, 
Sephadex G-50 and mol. wt standards (Bovine Serum Albumin 
68 K, Ovalbumin 40 K, Chymotrypsinogen 25 K, Lysozyme 
14.4 K and Horse heart Cytochrome C 11.5 K) were products of 
Pharmacia AB, Uppsala, Sweden. Bovine trypsin and Tris (tri- 
hydroxymethylamino methane) were products of Boehringer, 
Mannheim. Materials for gel electrophoresis and other routine 
chemicals of analytical grade were from British Drug House 
while paper for chromatography (Whatman 1) was a product of 
W & R Balston Ltd, Poole, England. 
Kinixys hemoglobin fractions TH I and TH n and their corre- 
sponding globins were isolated as described in the earlier publi- 
cation except that the initial resolution of the hemolysate was 
carried out using DEAE-Sephacel instead of DEAE-Cellulose. 
Succinylation o fTH I and TH n globins. The preparation of succi- 
nylated derivates of  globins from TH~ and TH n was achieved by 
an adaptation of the method of Klotz 8 as follows: To 30 mg of 
protein dissolved in 0.01 M pyrophosphate buffer, pH 8.5, con- 
taining 6 M guanidine hydrochloride was added 300 mg of solid 
succinic anhydride during a 50-min period. The pH of the reac- 
tion mixture was maintained at 8.5 by adding aliquots of 2 M 
NaOH as necessary. Total reaction time was 90 min, after which 
the reaction mixture was dialyzed exhaustively against the pyro- 
phosphate buffer. The succinylated protein solution was then 
stored at 4~ 
Enzymatic hydrolysis of succinylated globins. Succinylated glo- 
bins prepared as described above were subjected to hydrolysis by 

bovine trypsin in 0.01 M pyrophosphate buffer pH 8.5 for 2 h at 
room temperature (25~ using a protein to enzyme ratio of 
70:1. Hydrolysis was terminated by lowering the pH of the 
digest to 2 using concentrated hydrochloric acid. 
Cyanylation of TH n gl0bin 9' 10. TH n globin (400 mg, 2.2 p.moles) 
was dissolved in 3 ml of 0.2 M Tris acetate buffer containing 6 M 
guanidine hydrochloride. To the resulting solution was added 21 
mg (0.14 mmoles) of dithiothreitol. 
After 30 min at room temperature 280 mg (1.2 mmoles) of 
2-nitro-5-thiocyanobenzoic acid, which had been prepared fol- 
lowing the procedure of Degani and Patchornik 11, were added to 
the protein solution. The cyanylation reaction was for a further 
15 min. The product was dialyzed exhaustively against 50% 
(v/v) acetic acid and then lyophilized. 
Cleavage of cyanylated THn globin. Lyophilized cyanylated 
TH a globin was dissolved in 4 ml of a solution containing 6 M 
guanidine hydrochloride and 0.1 M sodium borate. After adjust- 
ing the pH of the protein solution to 9.1, the mixture was allowed 
to stand at room temperature for 24 h. The resolution of  the 
reaction products was carried out as described in the results 
section below. 
Amino acid analysis. Amino acid analysis of peptide fragments 
were carried out on a Durrum D-500 Amino Acid Analyzer at 
the Institute of Marine Resources of the University of Califor- 
nia, Davis, Cal., USA. 
Results and discussion. 1) Molecular size of subunit/protomer. 
Figure 1 represents schematically the results of electrophoretic 
analyses of Kinixys hemoglobins in polyacrylamide in the ab- 
sence (A) and presence (B) of  sodium dodecyl sulfate. 
The mobilities recorded in the absence of detergent are in agree- 
ment with the earlier observations on the charge characteristics 
of the two hemoglobin molecules while the pattern observed at 
the same time affirms the homogeneity and individuality of each 
of the two molecules in the organism. 
The results obtained in the presence of detergent show that the 
subunits of TH I and TH n which co-migrate (fig. 1B) have the 
mobility to be expected of a molecule with a mol. wt of 18 kD 
(fig. 1C). This result is consistent with the previous inference 
from the amino acid compositional data 2 and with a quaternary 
structural stoichiometry of four identical subunits in the native 
ensemble when taken together with the previously determined 
molecular size of the un-denatured molecules. 
2) Chemical evidence for the homomeric quaternary structure. 
Proteolytic fragmentation of polymeric proteins by agents of 
narrow and predictable cleavage specificities can provide infor- 
mation not only on the stoichiometry of the polymeric ensem- 
bles but also on the extent of the identity of the constituent 
subunits ~3. Advantage has been taken in this investigation of the 
existence of only four residues of arginine in the putative repeat- 
ing units of TH I and THn respectively 2, and of only one cysteine 

Figure 1. Polyacrylamide gel electrophoresis of TH x and 
THn.in the: absence (A) and presence (B) of sodium 
dodecylsulfate. The mobilities of tool. wt standards (1: 
bovine serum albumin (BSA), 2: ovalbumin (OA), 3: 
chymotrypsinogen (CTG), 4: hen egg white lysozyme 
(EWL), and 5: horse heart cytochrome C (CytC)) and of 
THj and TH n determined in 7.5 % gels in tl~e presence of 
detergent according to the method of Weber and Os- 
borne 12 are summarized in (C). 
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Figure 2. Schematic representation of two-dimensional paper chromato- 
grams of the products of tryptic hydrolysis of succinylated TH I snf and 
TH H globins, Solvent I was phenol/butanol/acetic acid/water (3:3:2:4 
(v/v)); solvent II was n-butanol/acetic acid/water (4:1 : 5 (v/v)); chromato- 
grams were stained with a 0.1% ninhydrin solution in ethanol/acetic 
acid/collidine (60:20: 8 (v/v). 

residue in the repeating unit of THu for the choice of  cleavage 
conditions: trypsinolysis of  succinylated TH 1 and TH n globins 
and mild alkaline hydrolysis of cyanylated TH n globin. 
The hydrolysis by trypsin of succinylated globins should lead to 
the production of five peptides (or four, in the event that  one of 
the arginyl residues is to be found at either the N or the C 
terminal position of the putative repeating unit) whilst in the 
case of the mild alkaline hydrolysis of the cyanylated TH u globin 
which will occur only at the amino end of the modified cysteinyl 
residue 9,t0 two peptide fragments should be the result if the 
hypothesis of a homomeric ensemble for bo th  hemoglobin mole- 
cules is correct. 
Figure :2 is a schematic representation of two dimensional paper 
chromatographic separation experiments on the tryptic peptides 
produced from succinylated gtobins from TH I and TH H. The 
chromatograms bear a remarkable similarity to each other - a 
possible expression of extensive primary structural homology. In 
both  cases only the theoretically expected five ninhydrin-positive 
fragments have been obtained. 
Figure 3, on the other hand, is the resolution on Sephadex G-50 
of the reaction mixture following mild alkaline hydrolysis of 
cyanylated THII globin 9. Aliquots of the two fragments CN1, 
and CN 2, which were further purified by a second chromato- 
graphic run using the same conditions as were utilized for the 
initial separation, were subjected to acid hydrolysis and the 
amino acid composition of each was determined. 
The amino acid compositions of the two fragments are summa- 
rized in the table, which also contains the data  on THH ~. Al- 
though there are some differences in the molar  ratios of  some 
amino acids (notably Val, Ile and Leu) when compared with the 
data on THH, the overall picture - and the fact tha t  over 96 % of 
the expected amino acid residues in TH H are accounted for in the 
cumulative results from CN~ and CN2 - is consistent with the 
position that  THI~ is a homomeric ensemble in the native state. 
From the data presented in this and in previous work 1'2, it is to 
be concluded that  Kinixys erosa possesses two hemoglobin mole- 
cules, both  of which are homotetramers. The occurrence of such 
molecules in what  is to be considered as a normal physiologically 
functioning organism can only mean that  a heterotetramer may 
not  always be a structural prerequisite for vertebrate hemoglo- 
bin function 6. Further  work will be necessary to delineate clearly 
the nature of the ligand-binding characteristics of these hemo- 
globins as well as the identity and mode of action of  the modula- 
tors of  the binding of  ligand that  are native to Kinixys. 
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Figure 3. Gel filtration in Sephadex G-50 (90 x 1.5 cm) of the products 
from the hydroxide-promoted cleavage of cyanylated TH n globin. Co- 
lumn was eluted with 5 mM HC1. Fraction size was 3 ml. Flow rate was 30 
ml/h. CN I and CNll were pooled as indicated. 

Amino acid composition of THH and its cyanylation fragments 

Amino CN 1 Nearest CN n Nearest CN 1 4- T H I I  c 
acid molar integer molar integer CNII 

ratio a ratio b 

ASP 11.02 11 2.63 3.0 14 13 
THR 4.70 5 1.83 2 7 7 
SER 5.64 6 2.56 3 9 9 
GLU 11.50 12 3.39 4 16 16 
PRO 3.22 3 1.18 1 4 5 
GLY 5.19 5 2.04 2 7 7 
ALA 1t.05 11 4.29 4 15 16 
VAL 7.58 8 3.78 4 12 14 
MET 0.91 1 - 0 1 1 
ILE 3.05 3 0.85 1 4 5 
LEU 17.00 17 4.18 4 21 19 
TYR 2.96 5 1.09 1 4 4 
PHE 5.22 5 1.71 2 7 8 
HIS 9.12 9 2.13 2 11 11 
LYS 6.72 7 2.75 3 10 11 
ARG 2.98 3 0.92 1 4 4 
TRP ND ND ND ND ND 

aTo determine the molar ratios of the amino acid residues, 8.50 nmoles of 
peptide were hydrolyzed for 24 h in 1.0 ml of constant boiling ttC1. b18.64 
nmoles of CNlt were hydrolized as described above. CFrom Aboderin and 
Obidairo 1. ND, not determined. 

In addition, the elucidation of the possible evolutionary mecha- 
nisms which will account for the existence of what  is an abnor- 
mal homomeric condition in a vertebrate hemoglobin will de- 
pend on the availability of  the full primary structural informa- 
tion on both  THI and THII, both  of which are most likely to have 
extensive structural similarities (fig. 2), and on similar studies on 
other members of the Testudinidae namely Gopherus, Homopus, 
Malacocherus, and Testudo spp. 
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Summary. This paper reports that cortisol at physiological concentrations minimizes the enhancement of human natural killer 
(NK) cell activity in vitro by immune interferon (IFN-y). This effect may be important for the regulation of NK cytotoxicity in 
vivo. 
Key words. Natural cytotoxicity; cortisol; immune interferon. 

Natural killer (NK) cells are a heterogeneous subpopulation of 
lymphocytes capable of lysing target cells without prior sensiti- 
zation. Since NK cell activity is most evident against neoplastic 
and virus-infected targets, it is thought that NK cells in vivo 
play an important role in immunosurveillance 3,4. Recently, a 
number of studies have been carried out in order to under- 
stand the physiological mechanisms by which NK cell activity 
is regulated. Evidence has been provided that interferon 
(IFN) preparations and IFN inducers enhance basal NK cell 
activity and counteract the effects of pharmacological agents 
which have been shown depress NK cell cytotoxicity 5,6. Syn- 
thetic glucocorticoids, on the other hand, have been found 
to be inhibitors of rodent and human NK cell activity 7,8 and 
to suppress at high concentrations the enhancement induced 
in vitro by leukocyte type I interferon (IFN-ct) 9. 
On the basis of these reports, we thought it pertinent to inves- 
tigate whether cortisol, the most representative endogenous 
glucocorticoid in man, and the immune interferon (IFN-y), a 
glycoprotein produced by T-lymphocytes and more closely as- 
sociated with immunosurveillance than other IFN prepara- 
tions, can interact in the modulation of human NK cell activi- 
ty. 
Materials and methods. PBM cells were derived from hepari- 
nized venous blood samples obtained from healthy adult do- 
nors (males and females, aged 20-35 years), taking no medica- 
tion, and fasting for 8 h before venipuncture. PBM cells were 
immediately separated by Ficoll-Hypaque density cen- 
trifugation 10. The resultant preparations contained more than 
98% mononuclear cells. PBM cells were washed and resus- 
pended to the desired density in complete medium, which is 
the medium RPMI 1640 supplemented with 10% foetal calf 
serum (Eurobio, Paris, France),  1% L-glutamine and gen- 
tamicin (50 ~tg/ml). 
Cortisol (Sigma Chemical Co.,  St. Louis, Missouri, USA)  was 
initially dissolved in a little 95 % ethanol and then diluted in 
distilled water to a l x  10 -3 M stock solution. For use in experi- 
ments, this preparation was promptly diluted in distilled water 
to a final concentration ranging from l x  10 -5 to 1 x 10 -8 M. We 
have documented that NK cytotoxicity of PBM cells against 
K 562 targets was significantly reduced by cortisol at the above- 
reported range 11. Highly purified human IFN-y (generously 

provided by F. Dianzani, Institute of Virology, University of 
Rome,  Italy), diluted in RPM11640 was used in the range from 
5 to 30 IU/ml.  Preliminary experiments on the dose-response 
curve within this range showed the 15 IU/ml concentration to 
give an optimal enhancement of NK cell activity. The effects 
on NK cell activity of treatment with either cortisol or IFN-y 
require a relatively long period of time to become manifest. In 
the present series of experiments, PBM cells, resuspended in 
complete medium to a density of 3 x 106 cells/ml, were incub- 
ated for 20 h in the presence of cortisol and/or IFN-y at 37~ 
in a humidified atmosphere of 95 % air and 5% CO r We 
carried out the majority of experiments using cortisol at the 
concentration of 1• -6 M and IFN-y at the concentra- 
tion of 15 IU/ml. No significant differences in viability were 
observed after in vitro incubation of PBM cells with both 
agents, in comparison with untreated PBM cell preparations. 
NK cell activity was determined in a 4-h direct 51Cr-release as- 
say as previously described '2. The human cell line K 562 was 
used as the source of target cells. Percentages of NK cell-me- 
diated cytotoxicity were computed from the following formu- 
la: 

cpm (test) - cpm (spontaneous) 
%cytotoxicity = x 100 

cpm (total) - cpm (spontaneous) 

Test cpm, total cpm and spontaneous cpm represent the ra- 
dioactivity released in the supernatants from target cells incu- 
bated with effectors, in an equal aliquot of target cells in sus- 
pension and in supernatants from target cells incubated 
without effector cells, respectively. Spontaneous release never 
exceeded 10 % of the maximum release. The variations among 
triplicates were less than 5 %. 
Except where indicated, data were expressed as lytic units 
(LU)/107 effector cells. The L U  values were derived from 
equation y = A ( 1 - e  kx) where y = fractional chromium relea- 
se, A = a constant equal to the asymptote of the sigmoid 
curve, k = a constant proportional to effector cell activity for a 
given A and x = the E :T  ratio. In these experiments 1 LU 
represents the number of cells required to give a 30% 
cytotoxicity. 


