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SUEIMAIIY: Since a lysoscmal arylsulfatase B has been shm to be 
phosphorylated by a CAMP-dependent protein kinase (CAMP-PK) in 
transplantable human lung tumor, protein kinase isozymes were 
investigated in the ixmor. Although the kinase of normal human lung 
cmprised both type I and II isozyn-es at 1-r level, the Thor kinase 
was elevated in the activity andoccupied almost exclusively by the 
type II which was responsible for the phosphorylation of arylsulfatase 
B. The isozyme deviation was also &served in the casein kinase of the 
tumor with predominance of type II in the tumor in contrast to the 
coexistence of both types I and II in normal lung. B 1988 Academic Press, mc. 

A lysosanal arylsulfatase B (ASB . EC 3.1.6.12) catalyzes 

desulfation of a physiological substrate, N-acetylgalactosamine- 

I-sulfate, resided in non-reducing tennini of glycosaminoglycws of 

which accumulation (Maroteaux-Laxry syndrome) is caused by deficient 
activity of the hydrolase (reviewed in ref. 1). Previous studies from 
this laboratory have demonstrated that an increased ASB activity in 

transplantable human lung tumors was largely cccupied by an acidic 

variant form of the hydrolase (2), which was highly phosphorylated b&h 

on its carbohydrate and protein moieties (3). ASB was found to be 

phosphorylated in vitro by a CAMP-PK of which activity toward ASB was -- 
considerably enhanced in the traxplantable tuner (4). mreover, ASB 

from the tumor and normal lung was differently phosphorylated in viva -- 
and in vitro, respectively (4). -- These observations prcqted us to 
investigate protein kinases, especially the kinase toward ASB, in the 

lungtmr. 

R 
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Abbreviations: ASB, arylsulfatase B; CAMP-PK, CAMP- dependent protein 

kinase; CK, casein kinase; HEPES, N-2-hydroxyethylpipsrazine*'-2-ethane 
sulfonic acid; SDS-PAGE, polyacrylamide gel electrcphoresis in the 
pre,wce of sodium dcdecyl sulfate. 
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EXPEPzMlmmLP~uREs 

Materials --Purified human liver ASB and rabbit anti-ASB IgG were 
prepared as in (4). Transplantable hman lung cancer of sguarrous cell 
carcinm type was maintained in nude mice (4) and human lung tissues 
obtained at surgeq were stored at -80°C until use. Caseinkinase 
isozymes were prepared frcm rat ascites hepat~2cells (5). Protein 
A-Sepharo 
and S-E3- 

2CL-4B was purchased frcm Sigm; b- PylTp (3,000 Ci/mml) 
PIcAMP (50.7 Ci/mml) frcxn Amershml and ICE Radiochemicals, 

respectively. All reagents were of analytical grade. 
Subcellular Fractionation of Tissue ---Normal human lung (1.5 g) and 
transplanted human lung tumor (7 g) were separately honogenized in a 
Potter-Elvehjem's teflon homgenizer with 7 volumes of 10 r&f HEPES 
buffer, pH 6.8, containing 0.2 r#l m and 0.1 KM dithiothreitol (MT) 
(buffer A). The hcmgenate was ccntxifuged for 15 n-tin at 2,000 x 9 to 
obtain a particulate fraction (designated Pl). The supernatmt was 
centrifuged for 1 h at 105,000 x CJ to prepare a second particulate 
traction (P2) and cytosol. P and P fractions were hcatogenized with 
buffer A coritaining 0.15% Tri on X-l 4 i; 0 and centrifuged. The 
detergent-solubilized proteins were employed for protein kinase 
experiments. 
Protein Kinase Assay and Phosphorylation of ASB---cAMPWE: activity was 
assayed as described previously (4) in a fiml volume of 0.2 ml. The 
reaction mixture contained 50 nW FFS buffer, p5 6.8, 10 ti3 
m3 c-$w 7 I 1 JAM CAMP, 20 /.&I [y- 
proteink&se. 

P]ATP (5 x 10 cpm), substrate and 
Human liver ASB (2,000 units) AS a substrate was 

phosphorylatei3 at 3O'C for 15 min, imnunoprecipitated with 50 I;g of 
anti-ASB TgG and adsorbed onto 60 ~1 of Protein A-Sepharose beads and 
subject& to SDS-PACE using a gradient (10 to 20%) slab gel followed by 
fluorography as in (6). Histone II AS (100 ug) was phosphorylated as 
above, precipitatd with trichlorcacetic acid (%?A) following the 
addition of 500 $g of bovine serum albumin and processed as in (4). 
cAMP-independent protein kinase (casein kinase) activity was assayed as 
described before (5) in a reaction mixture contai@ng 50 n-N Tris-HCl 
buffer, pH 7.5, 0.1 M NaCl, 5ti1 Nq.Z12, .O.l rrEl [y- P]ATP (12,00C 
qxn/nml), protein kinase and 400 ug of casein which had been 
dephosphorylated, in a final volume of 0.i nl. The reaction was32 
carried out at 37T for 5 min, stopped with ICA and asrayed for P as 
described above. All assays were done in triplicate determinations. 
Other n&hods employect wzre those described previously (4). 
DE52 Chrmatcgraphy of Protein Kinases---Qtosol fraction frm no-1 
lung or transplanted tumor was applied onto a DE52 column equilibrated 
with buffer A without IYIT. After washing the column with the sam 
buffer, protein kinases were eluted with a gradient of 0 to 0.4 M NaCl 
in the same buffer. 
Photoaffinity Labeling of Regulatory Subunits of CAMP-PK--- This was 
done as described previously (7). The reaction mixture (50 
containedcAMP-PK, 1mNgCl 0.1 m ATP, and 0.7 * 8-N - 

3) 
-PI-CAMP in 

the presence or absence of O?i ~IW CAMP (see figure legend?. The 
labeled materials were separated on SDS-PAGE follcmed by 
autoradiography. 

Activities and Subcellular Distribution of Lung Tmmr Protein 

KinaSeS --Transplantablehumanlungtumorhasmarkedlye~~ 

activities of CAMP-PK toward histone and CK measuring 51.9 and 5.0 pool 
of phosphate/min/n-g protein, respectively, as ccqared to those 
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A 

100 h B 150 

FRACTION NUMBER 

Fig. 1. Fractionation of protein kinases in cytosols of normal 
humanlungandthetmmr. ~,Tumorcytosol (38mgprotein) was 
chrmatcgraphed on a DE52 calm (2.2 x 6.5 an). A 50 ~1 of each 
fraction (1.5 ml.) was assayed for CAMP-m< activity tmard ASB. EJ, The 
sam fractions as Awere assayed for CAMP-m< activity tmard histme (m) 
and for casein kinase activity (0). C, Cytosol (10 mg protein) of 
nom1 lung was fractionated on a DE52 c&mm (1.2 x 2 an). A 50 bl of 
each fraction (0.5 ml) was assayed for CAMP-PK tcward histone (01 and 
for casein kinase (0). 

(respective 6.2 and 0.04 p-ml/min/n~~) of rxxmal lung, similarly to the 

increased activity of CAMP-PK tamrd ASB (4). Eighty three % of the 

totalactivityof CAMP-PK t.cmrdAS~islocated in the tumr cytosol, 

17% in P1 fraction and no activity in P3 fraction. 
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Pig. 2. Autoradiograms of photoaffinity-labeled regulatory subunits 
of CAMP-PK on SDS-PAGE. A, Aliquos2(40 ~1) frcan fractions in Fig. le 
was labeled using 0.7 UM of 8-N -[ PIcAMP follcwed by SIX-PAGE (12.5% 

h Fig. 1C was used for the labeling by 
PIcAMP (12.5% gel). c: 200 ug protein (lane 1) and 

flane 2) of whole cytosol frcm the lung tumor and 90 pg 
of whole cytosol fran norml lung were labeled with 0.7 

PJcAMP follmed hy SDS-PAGS (5 to 20% gradient gel). 
parallel labelings were performed in the presence of 

cAMP for the confirmation of specific detection of FU and RII, and 
autoradiography was done for 2 days. 

Characterization of Protein Kinases in Lung Tumor--- As sham in Fig. 

1, the elution profiles of protein kinases fran lung tumor was 

oosiderably different fran that of nom1 lung. The same elution 

profiles of protein kinases wre obtained in the other experiments on 

another tumor and normal lung, respectively. CAMP-PK frcxn the tumor 

tmard ASB shmed two enzym-active peaks (peak I including fraction 

Nos. 11 to 21 and peak II frm Nos. 27 to g), (Fig. IA). CAMP-PK - - - 

Fr. No. 29 31 33 35 37 

Fig. 3. Fluorogram of ASB phosphorylated by CAMP-PK fran the lung 
tumor. Purified ASB was phosphorylated by CAMP-PK in eluates (50 ul of 
each) at fraction Nos. 29 to 37 in Fig. I&, inmmoprecipitated and 
subjected to SDS-PACE and flu?&qraphy for one week. 
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toward histone (Fig. 1B) appeared to be aIRK& occupied by type II 

isozyma which shmed. some activity shoulders at higher NaCl 

concentrations. Smmhat different ehrmatcgraphic profiles between 

ASB and histone as substrates are most probably ascribed to that 

protein kinases other than c%M?-m< also act on histone. To confirm 

CAMP-PK type I and II isozymes, 8-N3- I!" PlcAMPlabelingoftm 

regulatory subunits (RI and RII, respectively) was carried out on the 

chrcmatographic fractions. As shmn in Fig. ?!, most of the fractions 

of cAWP-PK at peak II ccxnprised exclusively PII (Mr 55,000). RI (Mr 
48,COO) was slightly detect& in some fractions of peak I (data pot 

slim). On the other hand, Ma?-PK of normal lung shcwed the 

coexisterxe of both types I and II (Fig. 2B). These obsemations were 

also verified in whole cytosols frcm the two sources (Fig. 2C). Data 
in Fig. 3 confirm that fractions of type II CAMP-PK fmn the tmr 

phosphorylate ASB. 

Lung cancer had also considerably elevated activity of CK ccqxmad 

to norm1 lung (see above). Pefering to the elution profile of CK on 

DE52 chrcmatcgraphy (5), the activities eluted at 1-r and higher NaCl 

concentrations will be type I and type II, respectively, in nom& and 

tumr tissues (Fig. 1B and 1C). Bothtype I andtype IICKwereat 
very low level in normal lung tissue (Fig. lC), whereas CK in the lung 

tumr had markedly enhanced typs II CK (Fig. 1B). Thus, the elevated 

activity of CK in the lung tumor can be ascribed largely to selective 

increase of type II CK. 
MB was phosphorylated at two sites of the hydrolase in the lung 

tumor, and one of them was phosphorylat~ by cWP-PK (4). It was 
emmined whether or not another site is phosphorylated by CK. Hmaver, 

two CK isozymss did not act on ASB of both the native and alkaline 

phosphatase-treat& forms. 

DISCUSSION 

The present study shmed that CAMP-PK of normal human lung tissue 

consisted of type I and II isozynes, similarly to the previous 
observations on normal human lung fibrcblasts (8) as well as normal 

muse lung tissue (9). In contrast, CAMP-PK in the transplantedl~g 
tumr was alnost exclusively type II, which is most probably 

responsible for the occurrenoe of a highly phosphorylated ASB form 

t2,3). Altered cAm-PK isozyms ccqmsitim has bem noted in scm 

human turmrs such as renal cell carcinoma (10) and gastric 

ad-c&ma (11) in which type I isozyma of CAMP-PK was elevated 

167 



Vol. 150, No. 1, 1988 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

mnpared to the respective nom1 controls. On the 0th~ hand, humm 
glioblastcma was predminant in type II isozym (12) similar to the 

observation in the present mrk. These inconsistent observations will 
explain that selective increase either of typr I or type II isozyma 

arises frm difference of the tissues frcnn which tars are derived. 

The present study also demonstrated enhanced CK activity and the 

isozyme deviation in the lung tumr. Although CK was not responsible 
for the phosphorylation of ASB and the role of CK in cancer is not ~11 

understood at present, i@ication of this kinase in cancer has been 

noted. A hepatma ascites cell line, ccqared to norm1 rat liver, had 
several cytosolic pmteins heavily phosphorylated by CK in which type 

II was predaninmt (13). Also, stimulation of type II was reported in 

human glioblastcma cell cultures (14). Since immrtalization of tmwr 

cells cultured frm human brain tumors was noted to accrmpany increased 

activity of CK II (14), the marked enhancemnt of this isozyme my 

associate with established trmsplantability of human lung tutmr. 

Acknmledgemnts---We are indebted to Prof Y. Nakamra andDr. S. 
Nakajo, School of Pharmaceutical Science , Shwa University for qenerous 
gift-of the purified casein kinase and to Dr. M. Hash&mot%, Department 
of Surgery, Hokkaido University School of Medicine for supply of human 
lung tissue. This work was supported in part by Grants-in-Aid from 
Ministry of Fducation, Science and Culture, the Daiwa Health Science 
Fund and the Akiyama Foundation of Japan. 

1. McKusick, V. A., and Neufeld, E. F. (1983) in 
The Metabolic Basis of Inherited Disease (Stanbury, 
J. B., Wyngaarden, J. B., Fredrickson, D. S., Goldstein, 
J. L., and Brawn, M. S., eds.) pp. 751-777, M&raw Hill, 
NE% Ycrk. 

2. Gasa, S., Makita, A., Kameya, T., Kcdaaa, T., Koide, T., 
Tsumuraya, M., and Karai, T. (1981) Eur. J. Biochein. 
116, 497-503. 

3. Gasa, S., and Makita, A. (1983) J. Biol. Chem. 258, 
5034-5039. 

4. Gasa, S., Balbaa, M., Nakamura, M., Yonemori, H., and 
Makita, A. (1987) J. Biol. Q?em. 262, 1230-1238. 

5. Nakajo, S., Shirkma, K., Shtizu, T., Nakaya, K., and 
Nakamra, Y. (1984) J. Bicchsrn. 96, 1575-1585. 

6. Gasa, S., and Kornfeld, S. (1987) Arch. Biochem. 
Biq+ys. 257, 170-176. 

7. Hunzxke~?Dunn, M. (1981) J. Biol. &am. 256, 
12185-12193. 

8. Liu, A. Y.-C., Chang, Z.-F., and Chm, K. Y. (1986) & 
Cell. Physiol. 128, 149-154. 

168 



Vol. 150, No. 1, 1988 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

9. 

10. 

11. 

12. 

13. 

14. 

Butley, M. S., Beer, D. G., and Malkinson, A. M. (1984) 
Cancer Res. 44, 2689-2697. 
r-7. M., Doskeland, S. O., and Ueland, P.M. 
(1978) Arch. Biochm. Biophys. 189, 372-381. 
Yasui, W., Sumiyoshi, H., Cchiai, A., Yamahara, M., and 
Tahara, E. (1985) Cancer Res. 45, 1565-1568. 
Frattola, L., Canal, N., Ferrarese, C., Tonini, C., 
Tonon, G., Millani, R., and Trabucchi, M. (1983) Cancer 
Iies. 43, 1321-1324. 
Nakaya, K., Shimizu, T., Segawa, Y., Nakajo, S., and 
Nakamura, Y. (1983) Cancer l&s. 43, 3778-3782. 
Prcwald, K., Fischer, H., and Issinger, O.-G. (1984) 
FEES L&t. 176, 479-483. 

169 


