
Gantma Interferon Potently Induces Tryptophanyl
tRNA Synthetase Expression in Human Keratinocytes 

Alain Reano, * Marie-Helene Richard, * Luc Denoroy, t Jacqueline Viae, * Jean-Pierre Benedetto,:l: Daniel Schmitt* 
• Laboratoire de Recherche, Peau Humaine et Immunite, INSERM U. 346 affiliee CNRS, Hopital Edouard Herriot Pav. R; 
t Laboratoire d'Onirologie Moleculaire, INSERM u. 52, Lyon; and :j: Institut de Biochil11ie Cellulaire et Neurochil11ie du CNRS, 
Universite de Bordeaux II, 1 rue Camille Saint-Saens, Bordeaux Cedex, France 

Incubation of human keratinocytes with gamma interferon 
(Y-IFN) induces the synthesis of a 53-kDa protein of un
knoW"n nature and function. We report the identification of 
this protein through amino acid microsequencing. The 
NH2-terminal amino acid sequence of the 53-kDa antigen 
demonstrated that this protein was tryptophanyl-tRNA syn
thetase (Frolova et aI, Gene 109:291-296, 1991, Genbank 
accession number 61715). This result was validated by the 
sequencing of tryptic peptides. Identification of the 53-kDa 
y-IFN - induced protein was confirmed by immunoblotting 
with an antiserum directed against beef pancreas trypto-

G
amma interferon (y-IFN), which is synthesized and 
secreted by activated T lymphocytes, exerts a broad 
spectrum of biologic activities in target cells with 
properties similar to those of alpha and beta IFNs but 
with a greater efficiency (for review see [1 D. In the 

skin, y-IFN induces the synthesis and expression of HLA-DR anti
gens on keratinocytes [2,3] as well as with other molecules such as 
the intercellular adhesion molecule-l (ICAM-l) and the IP-I0 pro
tein [4 - 6]. In inflammatory dermatoses characterized by an acti
vated T-cell infiltrate, these molecules contribute to the direct acti
vation of keratinocytes by production of pro-inflammatory 
cytokines and can profoundly influence the course of the local im
mune response [7 - 9]. y-IFN interacts with keratinocytes in a bio
logicall y relevant fashion, because specific high-affinity receptors 
have been characterized on the keratinocyte cell membrane [10,11]. 

In vitro, y-IFN interferes with the biosynthesis of numerous prod
ucts of the keratinocyte metabolism with consequential effects on 
cell behavior. Modulations ofkeratinocyte antigens involved either 
in the differentiation process such as cell-surface glycoproteins 
[12,13] or in cell adhesion such as fibronectin [14], thrombospondin 
[1 5], and bullous pemphigoid antigens [16] are evidence of drastic 
modifications of the normal keratinocyte metabolism upon stimula
tion with y-IFN. Moreover, specific sets of proteins are induced by 
y-IFN in various cells including human keratinocytes [17 - 20], in
cluding in particular, the biosynthesis of a 53-kDa protein [20,21] . 
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phanyl-tRNA synthetase. Northern blot analysis using a syn
t1.1etic oligonucleotidic 32P-labeled probe evidenced a 3.1-kb 
transcript in y-IFN - treated cells indicating that the gene was 
regulated at the pre-translational level. 

These data show that y-IFN potently induces in keratino
cytes the expression of an enzyme directly involved in pro
tein biosynthesis. Elevated levels of tryptophanyl-tRNA syn
thetase in treated cultured keratinocytes might be involved in 
the cell-growth - inhibitory activity of gamma interferon. 
] InJlest DermatoI100:775 -779, 1993 

The model of expression of this component, which is localized in 
the cell cytoplasm, has been previously determined [21]. However, 
the nature and the biologic significance of this y-IFN -induced 
protein are still unknown [20,21]. In the experiments reported here 
we show that the 53-kDa protein is tryptophanyl-tRNA synthetase 
and that induction of tryptophanyl-tRNA synthetase protein by 
y-IFN reflects induction of specific mRNA. 

MATERIALS AND METHODS 

Cell Culture Human epidermal cell cultures were prepared from 
breast skin removed during plastic surgery. Primary cultures ofkera
tinocytes were grown on 3T3 feeder layers [22]. Subcultures were 
obtained by seeding culture dishes at 2 X 104 cells/cm2 on irradiated 
3T3 cells. Culture medium was as previously described [1 2], a 3 : 1 
mixture of Dulbecco's modified Eagle's medium and Ham's F-12 
medium, supplemented with 10% fetal calf serum, hydrocortisone 
0.4 J1g/ml, insulin 5 J1g/ml, triiodothyronine 2 X 10- 9 M, cholera
gen 10- 10 M, epidermal growth factor 10 ng/ml, and antibiotics. 
Cultures were maintained at 37 °C in 5% CO2 , Under these condi
tions, a confluent layer of epidermal cells was obtained within 1 
week. At this time, some cultures were maintained in the same 
medium; others were exposed to y-IFN (Amersham International 
Pic, Buckinghamshire, England , specific activity 1.7 X 107 lui 
mg), 100 IU/ml culture medium. Medium was changed daily. All 
experiments were carried out on first-passage cells. 

Protein Extraction and Polyacrylamide Gel Electropho
resis Epidermal cell cultures were rinsed with phosphate-buf
fered saline on ice, and the cells were scraped into extraction buffer: 
0.05 M Tris-HCl, pH 7.5, 0.15 M NaCl , 0.5% Nonidet P-40 (NP-
40),10 mM ethylenediaminetetraacetic acid, 1 mM phenylme~hyl
sulfonyl fluoride,S mM N-ethylmaleimide, and 1 J.lg/ ml aprotlI1ln. 
Cultures were ground at 4 ° C by 30 strokes in a Teflonl glass homo
genizer and the homogenate was briefly sonicated. After centnfuga-

0022-202X/93/S06.00 Copyright © 1993 by The Society for Investigative Dermatology, Inc. 

775 



776 REANO ET AL 

tion (13,000 Xg, 4°C, 15 min), the supernatant was collected and 
stored at -70°C. 

Sodium dodecylsulfate - polyacrylamide gel electrophoresis was 
performed on slab gels using the system of Laemmli [23] modified 
by the use of 5 - 15 or 8 -12% gradients of polyacrylamide [12]. 

N-Terminal Amino-Acid Sequencing NP-40 soluble pro
teins from 8-d y-IFN -treated cultures were run on 8 -12%, 1-
mm-thick gradient gels, then electrophoretically transferred onto 
polyvinylidene difluoride (PVDF) membranes (Immobilon, Milli
pore Corp., Bedford, MA) in 0.1 M CAPS pH 10, 10% methanol 
buffer. Proteins were visualized by Coomassie Brilliant blue R250 
staining (Serva, Heidelberg, Germany), and the 53-kDa band was 
carefully excised using a sharp blade. After further washings in 
H 20, the 53-kDa protein containing PVDF bands were stored at 
-70°C until N-terminal amino acid analysis. 

The N-terminal sequence determination was performed by 
Edman degradation using a 470-A Applied Biosystems gas phase 
sequencer. Phenyl thiohydantoin (PTH) amino acids were identi
fi ed on-line with a 120-A Applied Biosystems PTH-Analyzer. An 
IBM PC-AT microcomputer was connected to the PTH-Analyzer 
and was used to quantify the PTH amino acids by means of the 
System Gold software (B~kman). All the products and reagents 
used for sequencing were from Applied Biosystems (Foster City, 
CAl· 

Before sequencing, the Immobilon pieces were cut into 1 X 1 
mm pieces and placed into the cartridge of the sequencer; no poly
brene-treated glass fiber filters were used. The sequencing was per
formed using the 03RPTH program provided by Applied Biosys
terns, with slight modifications. Chemical delivery rates were 
carefully monitored during the sequence determination. 

The quantity of PTH-proline at the first cycle was 12-14 
pmoles; nevertheless, as the exact amount of material loaded on the 
sequencer was not known, the initial yield could not be calculated. 
The repetitive yield was determined through semi-logarithmic re
gression analysis of all identified PTH amino acids, except PTH
Ser, which· were recovered in low yield. The repetitive yield was 
between 88 and 93%. 

Internal Amino Acid Sequence Determination The 53-kDa 
protein contained on PVDF membranes was in situ digested by 
trypsin according to Bauw et a1 [24] . Briefly, pieces ofPVDF bands 
were treated for 30 min with 400 pi of a 0.2% polyvinylpyrrolidone 
solution 111 methanol; then an equal volume of water was added and 
the supernatant discarded after 10 min. PVDF pieces were washed 
four times with water and once with 0.1 M Tris HCI pH 8.5 buffer. 
They were replaced in 100 pi of the same buffer; 1 pi of a trypsin 
solution (1 mg/ml) was added and the digestion proceeded for 6 hat 
37°C. Then the supernatant was collected and the PVDF pieces 
were washed with 100 pi of 80% formic acid and four times with 
100 pi of water; all the washing solutions were added to the diges
tion mixture. 

The pep tides contained in the combined washing solutions were 
separated by reversed-phase high-performance liquid chromatogra
phy, using a C8 Aquapore RP300 column (22 X 0.4 cm; Browm
lee) and a linear gradient of acetonitrile in 0.1 % trifluoroacetic acid. 
Eluting peptides were detected by UV absorbance at 214 nm, col
lected in Eppendorf tubes, and stored at - 20°C prior to sequence 
analysis. 

Peptides were loaded on a polybrene-treated glass fiber filter and 
amino acid determinations were performed with the equipment 
described above. 

Computer Search for Identity The amino' acid sequence ho
mology searches were carried out using the Bisance computer pro
gram of CiTi 2 for screening protein databases [25]. The protein 
database was Genbank (release 73, September 1992). 

Immunoblotting The proteins from unstained gels were trans
ferred electrophoretically to nitrocellulose membranes (Schleicher 
& Schuell BA 86) essentially according to the immunoblot tech-
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nique described by Towbin et al [26]. In these assays, the polyclonal 
antibody to beef pancreas tryptophanyl-tRNA synthetase was di
luted to 1/50,000. Non-fat powdered milk 5% in Tris-buffered 
saline [10 mM Tris HCI, pH 7.6,140 mM NaCI (TBS)] was used to 
saturate the free-binding capacity of the nitrocellulose membrane. 

For immunodetection of the antigens, the sheets were incubated 
at room temperature for 2 h in diluted antibody, washed for 1 h in 
six changes of washing buffer (0.5% NP-40 in TBS), and incubated 
for 2 h with peroxidase-labeled Fab goat anti-rabbit IgG (Biosys, 
Compiegne, France). After further washings, the specific staining 
reaction was visualized with 3-3' diaminobenzidine (0.05 mg/ml) 
and 0.03% H 20 2 in 100 mM Tris HCl, pH 7.6. Controls were 
obtained by using the preimmune serum or by omitting the first 
layer antibody. 

RNA Isolation and Northern Blotting Analysis A single
strand oligonucleotide probe (30 mer) synthesized from the nucleo
tide sequence of the cDNA encoding for human tryptophanyl
tRNA synthetase (nucleotide + 1577 to + 1606) [27] was used to 
characterize mRN As specific for the protein by Northern blot analy
sis. A specific probe for human P actin was purchased from Onco
gene Science (Manhasset, NY). These probes were 5' end labeled 
with y32P ATP (3000 Ci/mmol, Amersham) using T4 polynucleo
tide Kinase (Appligene, Strasbourg, France). Oligolabeling was 
done according to Miyada's method [28] and labeled probes were 
purified on Sephadex G25 column (Pharmacia LKB Biotechno
logy, Uppsala, Sweden). Labeled oligoprobes were eluted using 
TNE buffer (10 mM Tris-HCI, pH 7.5 100 mM NaCI, 1 mM 
ethylemediaminetetraacetic acid) . Specific activity was typically in 
the range 2.5 to 5 X 108 cpm/pg. 

Total cellular RNA was prepared from keratinocytes grown with 
or without y-IFN (100 IU/ml) for 48 h, according to the method 
developed by Chomczynski and Sacchi [29] and estimated by absorb
ance at 260 nm. Isolated total RNA was electrophoresed in a 1.2% 
agarose gel with 6.5% formaldehyde and 48.5% formamide, then 
transferred onto a nylon membrane (Hybond-N, Amersham). The 
Hybond-N sheets were baked at 80°C for 30 min, then pre-hybri
dized at 65°C for at least 1 h. The pre-hybridization solution con
tained 10% Dextran sulfate, 1 % sodium dodecylsulfate, 100 pg/mJ 
of denatured non-homologous DNA (i.e. , salmon sperm DNA) in 
1 M NaCI, 50 mM Tris-HCI buffer, pH 7.5. Hybridization was 
performed overnight at 65 °C in the above mixture supplemented 
with the 32P-labeled oligonucleotide probe (1 X 106 cpm/ml hy
bridization buffer). The filters were washed 4 times with 2 X 
sodium citrate/sodium chloride buffer, 0.1 % sodium dodecylsulfate 
at room temperature; the last washing was done without sodium 
dodecylsulfate. The filters were then exposed to Amersham films in 
the presence of intensifying screens for 24 hand 3 d. 

RESULTS 

Identification of the y-IFN -induced 53-kDa Protein by 
Microsequencing Sodium dodecylsulfate - polyacrylamide gel 
electrophoresis analysis of NP-40 keratinocyte-stratified culture 
extracts revealed the presence of numerous protein bands distrib
uted over a wide range of M, (Fig la-d). Comparison of protein 
profiles from cultures grown with (Fig lc,d) or without (Fig la,b) 
y-IFN (100 IU /ml) showed subtle differences in the high and low 
M,s. However, the most prominent change was the large amount of 
a 53-kDa protein, which was selectively altered ill extracts from 
treated cultures. From NH2-terminal sequence analysis the follow
ing sequence was identified: PNSEPASLLELXNSIAXQ. Compari
son of this sequence with those available in databank revealed com
plete homology to human tryptophanyl-tRNA synthetase, EC 
number "6.1.1.2" (Frolova et ai, Gene 109:291-296, 1991, Gen
bank accession number 61715). 

The identity of the 53-kDa protein was further investigated by 
internal sequences determinations. Five pep tides produced during ill 
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a b c d 
Figure L Effect of y-IFN on keratinocyte protein profil e. NP-40 extracts 
from stra tified epidermal cel l cultures are separated by sodium 
dodecylsul fa te- polyacrylamide gel electrophoresis on 5- 15% gel and visu
alized by Coomassie Brilliant blue R250 staining. Extracts from control 
keratinocyte cultures (a,b) and y-IFN - treated cultures (c, d) ; asterisk, the 
53-kD a protein (see text). The M, of molecular mass ma.rkers XIOOO is 
shown o n the left: myosin, 205 kDa; B-ga lactosidase, 116 kDa; phosphoryl
ase B , 9 7 kDa; bovine serum albumin, 66 kDa; ovalbumin, 44 kDa; and 
carbonic a nhydrase, 29 kDa. 

situ trypsin digestion of the 53-kDa protein-containing PVDF 
band s W"e re subjected to microsequencing. As shown in T able I, the 
sequ ences of these five peptides match exactly partial internal se
quences of human tryptophanyl-tRNA synthetase, corresponding 
to fra gme nts 142 - 162, 205 - 220, 278 - 298, 350 - 366, and 433 -
448 , r e spectively [27]. 

ConfirlDation of the Identification of the y-IFN - induced 
Protein as Tryptophanyl-tRNA Synthetase by Immuno
blotting To confirm that tryptophanyl-tRNA synthetase is in
duced by y-IFN, w e raised an antiserum against beef pancreas tryp-

Table I. Partial Amino Acid Sequences of the 53-kDa Protein 

PVDF 
membra ne 

Peptide 1 
Peptide 2 
Peptide 3 
Peptide 4 
Peptide 5 

Amino Acid 
Sequences' 

PNSEP ASLLELXNSIAXQ 

MSASDPNSSIFLTDTAK 
DLTLDQAYSYAVENAK 
DMNQVLDA YEN KKPFYL YTGR 
AL?EVLQPLlAEHQAR 
I?FPAIQ?APSFSNSFPQIFR 

Residues in 
Identified 
Proteinb 

1- 18 

350 -366 
205 -220 
142- 162 
433- 448 
278 -298 

• T h e a m i no acid residues arc given in the onc·lettcr notation. X I no PTH-amino acid 
could be d e t ected. ?, the corresponding residue could not be identified due to a PTH
Ana lyzer failure. 

I NUlTle r a tion of residues corresponds to the sequence of human tryptophanyl-tRNA 
synthetase described by Frolova et al [271· 

205- . 

-
-

a b a' b' 

Figure 2. Immunoblot showing induction of tryptophanyl-tRNA synthe
tase by y-IFN. Keratinocytes were grown fo r 8 d in control medium (a,a') or 
100 IU/ ml y-IFN (b,b') . NP-40 soluble proteins were separated by sodium 
dodecylsulfate-polyacrylamide gel electrophoresis, electroblotted to 11Itro
cel lulose membrane and probed with a polyclonal serum raised against beef 
pancreas tryptophanyl-tRNA synthetase. Latles a and b: ponceau-S-red stain 
of electrotransferred proteins on nitrocel lulose sheet. Latles a' and b': corre
sponding immunoblot of these extracts reacted with the specific serum. The 
53-kDa y-IFN - induced protein strongly reacted, latle b'. The M, of molecu
lar mass markers Xl 000 is shown on the left. 

tophanyl-tRNA synthetase [30] and used it to probe a blotofNP-40 
soluble proteins from human keratinocytes treated with control 
medium or y-IFN (Fig 2) . In an immunoblot of extract from y
IFN - treated keratinocyte cultures, the antiserum strongly reacted 
with a protein band of molecular mass 53 kDa (Fig 2b' ). When 
blotted on extract from epidermal cel l cultures grown in the absence 
of y-IFN, the antiserum fai led to detect any protein (Fig 2a' ). 

Northern Blotting. T o charac terize the y-IFN - induced 53-kDa 
protein specific transcript in human keratinocytes. we performed 
Northern blot analys is. Because it w as demonstrated that this pro
tein is tryptophanyl-tRNA synthetase. we used a single-strand olt
go nucleotide probe synthesized from the sequence of the eDNA 
encoding for human tryptophanyl-tRNA synthetase [27] . In these 
experiments a - 3.1-kb transcript was found in y-IFN - treated cells 
(Fig 3d,e,f) . whereas it was not detected in keratinocytes grow.n 1Il 

control medium (Fig 3a,b,c). H owever, N orthern blot analYSIS of 
poly{A)+ RNA revealed a fa int expression of tryptophanyl-tRNA 
synthetase transcripts in control keratinocytes (results not shown). 

DISCUSSION 

W e demonstrate that the 53-kDa protein induced in human kerati
nocytes by y-IFN is t ryptophanyl-tRNA synthetase and that 1l1duc
tion of the protein is a consequence of induction of tryptophanyl-
tRNA synthetase mRNA. . 

It was recently reported that the )'2 protein induced by y-IFN 1Il 

transformed human amnion cells was highly homologous to rabbit 
peptide chain release factor and bovine tryptophanyl-tRNA synthe
tase [31] . T ryptophanyl-tRNA synthetase was also demonstrated in 
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-285 

-185 
----------------

-----------------

a b c d e f 
Figure 3. Northern blot ana lys is of trypmphanyl-tRNA synthetase mRNA 
in keratinocytes. Cells were cultured with (d,eJ) or without (a,b,c) y-IFN 
(100 IU/ml). Electrophoresis in a denaturing gel was done with 20 f.lg (a,d), 
40 f.lg (b,e) , and 60 f.lg (e,f) of total RNA. The probe was a single-strand 
oligonucleotide synthesized from the sequence of the cDNA encoding for 
human tryptophanyl-tRNA synthetase [27] 32P-labeled (top). This probe 
hybridized to a - ·3.1-kb mRNA transcript in y-IFN - treated keratinocytes. 
The binding of a p actin probe is shown at the bollom. 

human fibroblasts [32], macrorhages, and epithelial-like amnion
tissue - derived cell line [33,34 after y-IFN treatment. The cDNA
deduced amino acid sequences of these proteins were identical. It 
thus appears that y-IFN up-regulates the same protein product in 
various human cell types. This protein not only has sequence homol
ogy but also the enzymatic activity of tryptophanyl-tRNA synthe
tase [31- 33J. Our findings indicate that epidermal keratinocytes 
have to be added to the list of cells in which the gene that encodes 
tryptophanyl-tRNA synthetase is up-regulated by y-IFN. 

lndoleamine 2,3-dioxygenase, an enzyme involved in the degra
dation pathway of tryptophan, is also induced by y-IFN. Its induc
tion leads to a depletion of the cellular tryptophan pool and seems to 
represent an effective means of regulating cell growth [35 ,36] . 
However, demonstration of induction of indoleamine 2,3-dioxy
genase in keratinocytes by y-IFN has not yet been reported, al
though this cytokine is known to reduce epidermal cell prolifera
tion. 

As tryptophanyl-tRNA synthetase shows, near identity with 
peptide chain release factor [27,31-34,37] and has release-factor 
activity [34], we can therefore imagine that, within the cell, the 
53-kDa protein may function as a tryptophanyl-tRNA synthetase or 
as a release factor or possibly as both. Though it is as yet difficult to 
explain how the 53-kDa protein is involved in the biologic actions 
of y-IFN, we can envisage a role in the protein-synthesizing ma
chinery. In y-IFN - treated cells, the high release-factor activity 
might induce frequent detachment of premature polypeptides from 
the ribosomes, leading to accumulation of proteins with incomplete 
biologic functions. On the other ?and, tryptophanyl-tRNA synthe
tase is shown to be closely assoCIated with DNA polymerase [38]; 
moreover, aminoacyl-tRNA synthetases generate diadenosine 
5' ,Sill_Pi ,p4-tetraphosphate, which accumulates in cell contact 
growth-inhibited cells [39J. It is thus tempting to speculate about 
some involvement of tryptophanyl-tRNA synthetase in the potent 
antiproliferative action of y-IFN. However, in the skin, the kerati
nocyte metabolism and behavior depend on multiple signals that 
can operate in a synergistic or antagonistic way to modulate trypto
phanyl-tRNA synthetase expression. 

As autoantibodies against this enzyme have been reported in sera 
of patients bearing autoimmune diseases [40], this immune response 
might represent an interesting biologic parameter of inflammation 
in various diseases. . 

Finding out how the tryptophanyl-tRNA synthetase y-IFN-
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induced expression is regulated should help elucidate some mecha
nisms of y-IFN action on target cells that may be important in 
inflammatory processes. 

We aregratifulto Professor B. ROlJxfor researehillg Gellbal/k facilities alld to Dr. A. 
Garel for the sy"thesis of the oligonucleotide probe. Our thallks also to Dr. MJ. 
Carelli for revielllillg the Ellglish malli/script. 

REFERENCES 

1. Ijzermans JMN, Marquet RL: Interferon-gamma: a review. Immunobi
ology 179:456-473, 1989 

2. Basham TY, NickoloffB], Merigan TC, Morhenn VB: Recombinant 
gamma interferon differentially regulates class II antigen expression 
and biosynthesis on cultured human keratinocytes.] Interferon Res 
5:23 - 32, 1985 

3. Vole-Platzer B, Steiner A, Radaszkiewicz TH, WolffK: Recombinant 
gamma interferon and in vivo induction of HLA-DR antigens. Br] 
DermatoI11 9:155-160,1988 

4. Griffiths CEM, Voorrhees ]J, Nickoloff B]: Gamma interferon in
duces different keratinocyte cellular patterns of expression ofHLA
DR and DQ and intercellular adhesion molecule-1 (ICAM-1) anti
gens. Br] Dermatol 120: 1-7, 1989 

5. Barker J, Allcn MH, MacDonald DM: The effect of in vivo interferon 
gamma on thc distribution ofLFA-l and ICAM-l in normal human 
skin.] Invest Dermatol 93:439 - 442, 1989 

6. Luster AD, Ravetch JV: Biochemical characterization of a y inter
feron-inducible cytokine (IPI0).] Exp Med 166: 1084 -1097, 1987 

7. Aubock], Romani N, Grubauer G, Fritsch P: HLA DR expression on 
keratinocytes is a common feature of diseased skin. Br] Dermatol 
114:465 - 472, 1986 

8. Griffiths CEM, Voorrhees JJ, Nickoloff B J: Characterization of inter
cellular adhesion molecule-l in normal and inflamed skin: modula
tion by recombinant gamma interferon and tumor necrosis factor.] 
Am Acad Dermatol 20:617 - 629, 1989 

9. Walsh L], Lavker RM, Murphy GF: Biology of disease: determinants 
of immune cell trafficking in the skin. Lab Invest 63:592-600,1990 

10. Nickoloff B]: Binding of 1'25 interferon to cultured human keratino
cytes. ] Invest Dermatol 89: 132 -135, 1987 

11. Langer ]A, Petska S: Interferon receptors. 1m111unol Today 9:393-
399, 1988 

12. Reano A, Hesse S, Viac]: Effect of gamma interferon on lectin-binding 
glycoproteins in cultured human keratinocytes. Arch Dermatol Res 
282:246 - 252, 1990 

13. Brisk MM, Bell T, Hoida C, Tyring SK, Rajaraman S: Interferon-y 
modulates terminal differentiation and the express ion of desquam.in 
in cultured keratinocytes. Exp Cell Res 197:140-147, 1991 

14. NickoloffB], Mitra RS, Dixit VM, Varani]: Modulation ofkeratino
cyte motility, correlation with production of extracellular matrix 
molecules in response to growth promoting and antiproliferative 
factors. Am] Pathol 132:541- 543, 1988 

15. Riser BL, Varani], NickoloffB], Mitra RS, Dixit VM: Thrombospon
din binding by keratinocytes: modulation under conditions which 
alter thrombospondin biosynthesis. Dermatologica 180:60 -65, 
1990 

16. Su H, Reano A, Viae], ThivoletJ: Modulation of bullous pemphigoid 
antigens by gamma interferon in cultured human keratinocytes. ] 
Dermatol (Tokyo) 17:16 - 23, 1990 

17. Sedmak ]], Sabran JL, Grossberg SE: A unique set of polypeptides is 
induced by y interferon in addition to those induced in common 
with a and P interferons. Nature 301:437 -439, 1983 

18. Celis]E,Justesen J , Madsen PS, Lovmand J, Pedersen Ratz G, Celis A: 
Major protein induced and down-regulated by interferons in human 
cultured cells: identification of a unique set of proteins induced by 
interferon-a in epithelial, fibroblast, and lymphoid cell s. Leukem.ia 
1:800-813,1987 

19. Morhenn VB, NickoloffB], Mansbridge ]N: Induction of the synthe-



VOL. 100, NO.6 JUNE 1993 INDUCTION OF TRYPTOPHANYL-tRNA SYNTHETASE IN KERATINOCYTES 779 

sis of Triton-soluble proteins in human keratinocytes by gamma 
interferon. J Invest Dermatol 85:27 - 29, 1985 

20. Mansbridge IN, Nickoloff BJ, Morhenn VB: Induction of new pro
tei ns by gamma interferon in cultured human keratinocytes. ] Invest 
Dermatol 88:602-610, 1987 

21. Reano A, Viac J, Hesse S, Schmitt D: Immunological investigation of 
the expression of a gamma interferon induced 53 kDa protein by 
human keratinocytes. Eur J Dermatol 2:201-207, 1992 

22. Green H , Kehinde 0, Thomas J: Growth of cultured human epider
mal cells into multiple epithelia suitable for grafting. Proc Natl Acad 
Sci USA 76:5665 - 5668, 1979 

23. Laernmli UK: Cleavage of structural proteins during the assembly of 
the head of the bacteriophage T4. Nature 277:680-685, 1970 

24. Bauw G, DammeJV, Puype M, VandekerckhoveJ, Gesser B, Ratz GP, 
Lauridsen JB, Cel is JE: Protein-electroblotting and -microsequenc
i ng strategies in generating protein data bases from rwo-dimensional 
gels. Proc Natl Acad Sci USA 86:7701- 7705, 1989 

25. Dessen P, Fondrat C, Valencien C, Mugnier C: Bisance: a French 
service for access to biomolecular sequence databases. Com put Appl 
Biosci 6:355 - 356, 1990 

26. Towbin HT, Staehelin T , Gordon J: Electrophoretic transfer of pro
teins from polyacrylamide gels to nitrocellulose sheets: procedure 
and some applications. Proc Natl Acad Sci USA 76:4350- 4354, 
1979 

27. Frolova LY, Sudomoina MA, Grigorieva AY, Zinovieva OL, K.isselev 
LL: Cloning and nucleotide sequence of the structural gene encod
ing for human tryptophanyl-tRNA synthetase. Gene 109:291 -296, 
1991 

28. Miyada CG, Wallace RB: Oligonucleotide hybridization techniques. 
Methods Enzymol 68:4 19 - 428, 1987 

29. Schomczyski P, Sacchi N: Single-step method of RNA isolation by 
acid guanidinium thiocyanate-phenol-chloroform extraction. Anal 
Biochem 162:156-159, 1987 

30. Sallafranque ML, Garret M, Benedetto JP, Fournier M, Labouesse B, 
Bonnet J: Tryptophanyl-tRNA synthetase is a major soluble protein 
species in bovine pancreas. Biochim Biophys Acta 882:192-199, 
1986 

31. Fleckner J, Rasmussen HH, Justesen J: Human interferon y potently 
induces the synthesis of a S5-kDa protein (y2) highly homologous to 
rabbit peptide chain release factor and bovine tryptophanyl-tRNA 
synthetase. Proc Natl Acad Sci USA 88:11520- 11524, 1991 

32. Rubin BY, Anderson SL, Xing L, Powell RJ, Tate WP: Interferon 
induces tryptophanyl-tRNA synthetase expression in human fibro
blasts. J Bioi Chem 266:24245-24248, 1991 

33. Bange FC, Flohr T, Buwitt U, Bottger EC: An interferon-induced 
protein with release factor activiry is a tryptophanyl-tRNA syntlIe
tase. FEBS Lett 300: 162 - 166, 1992 

34. Buwitt U, Flohr T, Bottger EC: Molecular cloning and characteriza
tion of an interferon induced cDNA with sequence homology to a 
mammalian peptide chain release factor. EMBO J 11 :489-496, 
1992 

35. Ozaki Y, Edeltein MP, Duch OS: Induction of indole amine 2,3-dioxy
genase: a mechanism of the antitumor activiry of interferon y. Proc 
Nat! Acad Sci USA 85: 1242-1246, 1988 

36. Yoshida R, Imanishi J, Oku T, K.ishida T, Hayaishi 0: Induction of 
pulmonary indoleamine 2,3-dioxygenase by interferon. Proc Natl 
Acad Sci USA 78:129-132,1981 

37. Garrett M, Pajot B, Trezcguet V, Labouesse J, Merle M, Gandar JC, 
Benedetto JP, Sallafraque ML, Alterio J, Guegen M, Sarger C, 
Labouesse B, Bonnet]: A mammalian tryptophanyl-tRNA synthe
tase shows little homology to prokaryotic synthetase but ncar iden
tlry With mammalian peptide chain release factor. Biochemistry 
30:7809-7817,1991 

38. Ra~aport E, Zamecnik PC, Barl EF: Hela cell DNA polymerase a is 
tightly associated with tryptophanyl-tRN A synthetase and diadeno
S111e 5',S"'_pI, p4-tetraphosphate binding activities. Proc Natl Acad 
Sci USA 78:838-842,1981 

39. Segal E, Le Pecq J-B: Relationship berween cel lular diadenosine 
5' ,5'" _Pi, p4-tetraphosphate level, cell densiry, ce ll growth stimula
tion and toxic stresses. Exp Cell Res 167:119 - 126, 1986 

40. Vartanian DA: Detection of autoantibodies against phenylalanyl-ryro
syl-, a~ld tryptophanyl-tRN A-synthetase and anti-idiorypic antibod
Ies to It 111 the serum from patients with autoimmune diseases. Mol 
BioI (Mosk) 25: 1033 -1039, 1991 




