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Cutaneous fatty acid-binding protein (C-FABP) has been isolated from rat skin and its cDNA has been
identified. As C-FABP contains five cysteines,which is rare in other FABPs so far isolated, we examined
whether or not these cysteine residues are involved in the FABP function. Determination of the locations of
intramolecular disulfide bonds of native C-FABP revealed that two are present between Cys-67 and Cys-87.
and between Cys-120 and Cys-127. Native C-FABP purified from rat skin exhibited the ability to bind to stearic
acid whereas both native C-FABP reduced with dithiothreitol and bacterially expressed C-FABP showed little
binding activity. The reduced C-FABP after renaturation showed the partial recovery of the binding activity.
lon-Spray mass spectrometry of native,recombinant,or renaturated recombinant C-FABP revealed that two
exact disulfide bonds (between Cys-67 and Cys-87,and between Cys-120 and Cys-127), five free sulfhydryl
groups,or partial exact but not non-native disulfide bonds are present in each molecule.respectively.
Hypothetical three dimensional structure of C-FABP showedthat atomic distances between the sulfur atoms
of Cys-67 and Cys-87 and of Cys-120 and Cys-127 enable to form two intramolecular disulfide bonds. These
results suggest that two exact intramolecular disulfide bonds are required for its high binding activity toward
fatty acids. In situ hybridization and immunohistochemical analyses showed that C-FABP is expressed in the
epidermis and sebaceous glands of normal rat skin. Northern blot analysis revealed that C-FABP mRNA is
highly expressed in skin,tongue and eye. Interestingly, the C-FABP message was most abundant in eye, and
was present at lower levels in brain, testis and fat. These results indicate that C-FABP functions in various
tissues containing epithelial cells.
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Studies on a novel protein, cutaneous
fatty acid-binding protein, involved in
the action of bioactive lipids in the skin
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Fig. 1. Analysis of the bacterialy expressed recombinant
rat C-FABP after purification. Samples were analyzed
by a 10% Tricine/SDS/PAGE. The bands were stained
with Commassie brilliant blue. Lane 1, soluble frac-
tion of the transformant containing the pET3a control
vector (20 g of protein) ; lane 2, soluble fraction of the
transformant containing the C-FABP expression vec-
tor (20 p g of protein) ; lane 2, purified recombinant C-
FABP (1 ug of protein);lane 4, purified native C-FABP
(1 pg of protein).
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Fig. 2. Binding of radiolabeled stearic acid to the recom-
binant and native rat C-FABP. [1-'*C] Stearic acid was
incubated with 150 pmol recombinant or native C-FABP
at37 C for 1 h. Unbound fatty acid was separated
from bound fatty acid with Lipidex 1000. (@) Native C-
FABP without dithiothreitol;(O) native C-FABP with 2
mM dithiothreitol ; (&) recombinant C-FABP before
renaturation ; () recombinant C-FABP after renatur-
ation.
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(B) peak 8 : TTVFSXTLGE (residues 62-71)
TETVXTFTDGALVQHQ (residues 83-98)

peak 10: MVVE)EVMNNAIZ(TRVYE (residues 116-132)

peak 11 : PDCUTLDGNNLTYV (residues 41-54)

Fig. 3. Reverse-phase HPLC separation of peptides pro-
duced on lysyl endopeptidase digestion of C-FABP.

(A) Flow chart of HPLC separation of each peptide.
The separated peptides are numbered in the order of
theirelution. Column, Toyo Soda ODS (octadecylsilica)
120T (0.46 X 25 cm) ; buffer, 0.1% trifluoroacetic
acid; elution gradient, 1-45% acetonitrile (by vol.) in 40
min; flow rate, 1.0 ml/min.

(B) Amino acid sequence of each peptide fragment
after HPLC separation. X, not detected as cysteine
before reduction and subsequent S-carboxymethylation
of each peptide. (—) possible disulfide bond.
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Fig. 5. Comparison of the amino acid sequence of rat C-FABP with those of mouse keratinocyte lipid-binding protein and
human psoriasis-associated FABP. Amino acid residues are numberd. Rat, Mouse and Human stand for rat C-FABP,
mouse keratinocyte lipid-binding protein, and human psoriasis-associated FABP, respectively. ldentical cysteine resi-
dues found in rat, mouse and man are boxed. The amino acids identical to those in rat C-FABP are indicated by
asterisks.



BEREZEMIICE IS VESF T 7 72— DREERERE

Fig. 6. Immunohistochemical analy-
sis of C-FABP in normal rat skin.
Rat dorsal skin was biopsied and
stained with anti-C-FABP antiserum
(A, C and D) or preimmune serum
(B), as described under EXPERI-
MENTAL PROCEDURES.

(A) C-FABP was expressed in the
epidermis (arrow) and sebaceous
glands (arrow head).

(B) Staining with preimmune se-
rum was negative.

(C) Inepidermis, C-FABP was ex-
pressed in the upper prickle (p) and
granular (g) cell layers. (b), basal
cell layer; (h), horny cell layer.

(D) In sebaceous glands (arrow
head), C-FABP staining was seen
in all sebacytes. Bars; A and B, 80
pm; C and D, 40 pm .




Fig. 7. Localization of C-FABP
mRNA in normal rat skin. In situ
hybridization was performed us-
ing the digoxigenin-labeled
antisense (A, C and D) or sense
(B) riboprobe for C-FABP, as de-
scribed under EXPERIMENTAL
PROCEDURES.

(A) C-FABP mRNA was ex-
pressed in the epidermis (arrow)
and sebaceous glands (arrow
head).

(B) No signal was detected with
the sense RNA probe.

(C) In epidermis, C-FABP
mRNA was expressed in the basal
(b), prickle (p), and granular (g)
cell layers. (h) horny cell layer.

(D) In sebaceous glands (arrow
head), C-FABP mRNA was ex-
pressed in the sebocytes. Bars: A
and B, 80 um; C and D, 40 um .
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Fig. 8. Tissue distribution of rat C-FABP mRNA, as assessed by Northern blot analysis. Total RNA (20 pg) isolated from
various tissues of adult rats was subjected to Northern blot analysis as described under EXPERIMENTAL PROCE-
DURES. The mRNAs in the respective lanes are for: 1, skin; 2, cerebrum; 3, cerebellum; 4, eye; 5, tongue; 6, heart; 7,
lung; 8, adipose tissue; 9, liver; 10, spleen; 11, muscle; 12, kidney; 13, adrenal gland; 14, testis; 15, ovary: 16, stomach;

17, duodenum; 18, jejunum; 19, ileum; 20, caecum.
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