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During the came of studies on tha machanism regulating oyntharls of 

aikatina phosphataso in dispersed cell cultures, a striking induction of an- 

zylg activity was obm-ved in responm to increase in the osaolarfty of the 

nutrient msdfua. Aithacgh the relatton of this finding to inductiar of en- 

2~ activity by a&anal glucocorticoids (Cox and 13rcLeocl, 1%)) remafns ob- 

scure, these resuults may provide an alternative axpianatlon for certain affects 

ascribed to substrata Induction @a10 and De Carli, 1963). In addition, they 

eq&asize the importance of distinguishfng be&man affects related to changes 

in osmolarity or other machanism in studier of the responses of mmmslian 

ceils to alterations of the nutrient anvirommnt. 

Mathods: The cell Iinw empfoyad and the methods for growth aad praparation 

of &Is for enzyme assay have been described prevlausly (Nltanrky and Harz, 

1%)). Various inorganic salts, suer-, or prednisolone 2l-phosphate ware 

added 24 or 48 hours after cell transfer. AIkalim phosphatase activity of 

sanlcates was amasured with p-nitr@emyt phosphate in 2--i-22-arrthyl-l- 

prapanol (A@ buffer, pH 10.6, and specific activity was eqmmed as)raoles 

p-nitmphenol Iiberatod in 30 minutes per mg protein. The ratio of the spe- 

cific activity of tha 03qberimwtally traatad to thu control cultura was re- 

ferrad to as the Wductian ratId*, 
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Results: The induction of alkaline phosphatase in huaun ceil lines after 

growth for 6 days in Puck's rnedfuu containing added inorganic salts is shaJn 

in Table 1. Both ceil lines showed an increase in enzy~ activity with added 

NaCi or KCI. in saue experimnts, an increase in enzyua activity was discem- 

able with additions of as little as 5 In NaCi. With the sulfates and, in other 

experiasnts, the dibasic phosphates, siniiar changes in enrp activity were 

observed. Waiitativeiy similar alterations ware noted with added CaCi2 and 

LiCi, although the toxic effects of these salts, as msnifosted by sm inhi- 

bition of ceil proliferation and protein synthesis, wsre greater than with 

equilloiar concentrations of NaCi or KCI. 

EFFECT OF 1NCWME IN fMOLARITY o)( ALKALINE PHO5PMTASE ACTIVITY Table 1. 

control 302 0.46 --- 1.25 

21-r liver N&i 14 0.72 1.6 1.16 
time 24 

% 
1.13 

iit 1.18 1.18 

Control 302 4.06 --- 1.15 

NaCi 
E g 

9.87 1.26 
15.55 ;:i 1.07 

80 462 29.91 . 0.66 

YiEeitr Kc1 
El g is9:2 i:: 

1.25 
0.95 

W% E 362 
422 :irn:i . 2:: 

1.12 
0.95 

w4 g 
is 

11.40 
;:; 

1.07 
16.22 0.46 

The similar results with various inorganfc salts indicated a lack of 

specificity of either utiooic or anionic species in eliciting this response, 

%%a induction of ennrylps activity foilcuing addition of isosuotic quantities 

of sucrose, which is not metabolized by -iian ceUis in vitro (Eagle et al., 

1958). sha~J that the changes observed ware related to an osuxotic rather than 

an ionic affect (Table 2). The siuuitaneous addition of NaCi and sucrose 
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yielded an additive effect, as did various caabinations of Ma or K salts. 

Tabio 2. EFFECT OF VARIOUS AGENTS ON ALKALINE PHOSPMlASE ACTIVITY # HElA Sp 

Control 

t&Cl 
sucrose 
Haci + sucrose 

Prsdni~iUlO 
Prednisoione+Maci 
Pr8dnisoiona+~Sucrose 

d 

F!zP ?isfsP 

0.33 m-e 1.24 

0.85 1.22 
I.16 3:; 1.20 
2.93 8.9 I.00 

0.95 2.9 1.33 
I.80 
2.06 2:: 

1.19 
1.25 

NaCi +Purwycin 0.36 
Suer060 + Pummycin 0.19 i:: ::g 

* Substances added in foilWing concentrations: NaCi 42 M, sucrose 82 ~4, 
prednisoione i.O~g/mi, pumaycin O.S~hi. 

increase in aibiina phoaphrtasa was observed 24 hours after additiar 

of N&i, and the effect was maxinmi after 72 hours. Foiiaring return to reg- 

ular graJth msdium, the specific activity foil progressively, suggesting di- 

lution of enzyl# activity by ceil multiplication. Incubation of mixtures of 

cmii-free extracts excluded the possibiiity that the diffaremes were due to 

activators in the salt-treated cultures or to inhibitors in the controls. no 

changes in activity ware observed after pra-incubatim of non-grcming ceil 

suspensions with salts, and there was no effect of 80 M NaCi on the enzp 

reaction. Acid phosphatase mhmed no changes in specific activity foilawing 

growth of ceils with addmd NaCi. Noinpaimunt in synthesis of ceil protein 

was notad up to incrumnts of 80 Idl NaCi, although Stubblefield and Mueller 

(1960) mported scms inhibition of ceil proliferation at 1-r salt cancen- 

traticms. 

Studios were carried out on the induction of alkaline phosphatase in 

raspanse to the dined stimuli of increaw in osaoiarity and addition of 

prednisoiam. At a cancmntmtion of the latter of i.O~/mi, at which the 

response to the steroid ws miri , the addition of NaCi or sucrose resulted 

in an even grater enzyme induction (fabla 2), and the effects of the varfour 

ccunbinations of agentswere additive. These findings suggestad that different 
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mechanisms wfe involved in enzyme inductton by adrenal giucocortiooids and 

increase in osmoiarity. The inhibition of the response to N&i or sucrose 

addition by pummycin was similar to that observed in phosphatase induction 

with steroids (Nit-ky and tiorz, 1963) and sqqwted the conclusion that de 

novo protein synthesis was involved in these changes. 

SJnce the changa in alkaline phosphatase of IGI activity ceil lines with 

adrena! steroids differed fram that of high activity lines (Nitausky and Hart, 

1963), a similar cunparisan was made of the changes in phosphatase IR response 

to increase in osmoiarity (Table 3). In general, la, activity cei 1 1 ines re- 

sponded both to stamid and to added NaC1 by induction ef l ika~ine pfmphatase. 

Aithagh entyn induction by prednisoiane was muxiui and daar~teristic for 

e&l eel1 line at concentratiars of 0.5 to 1.0 rs/ni, the induction ratio rose 

with imre8se In osmiarity. 

Table 3. IMWCTION OF ALKALINE PHOSPHKTASE DP VADIWS CELL LllS 
BY STEDDID AIDB SALT 

SPECIPIC ACTIVITY 
law Activitv ceil Lines CoRttol 

HeLa s3 
Ziur liver clone 2A 
Chmg liver cl- 2 
Chang iivercIone6A 

Hiah ActivitY ceil Lims 

xi 
0.70 0.85 

0:46 
2.10 

2: 
1.68 

tg 
672 

oetroit 6 Heart 
Intestine 
H. Ep. II 

2: I";;' 
33:i (2) 

gi [:I 
22:i (20) 

12; 1;; 
1 

4!3:5 (10) 
39.9 (92) 60.8 (8s) 50.0 (87) 

* Parcent residual aettvity after incubatfar for 10 min. at %OC in 0.75 H 
AMP buffer, pH 10.6. 

With high activity ceil lines (Table 3). the changes in response to 

added steroid or D&i were qua1 itativeiy different. Although a striking de- 

crease in en2ym activity was seen after growth with prednlroionr,~t with 

H. Ep. II* the addition of 40 ti N&i produced an increase in phosphatase 

activity. These chnges supported the contenttan that the mwhanI8ws under- 

lying induction by adrenal steroids and w In osmoiarity differed. 
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lha alkalIno phosphataso of lcm activity co11 iiues is heat-stable (Her2 

aud Nitawsky, 1962) and no chauge in this property was obsarved in staroid or 

osmotiuliy induced cultures. in contrast, the enzyme in high activity ~011 

lines exhibits intracellular molecular haterogandty, consisting of a heat- 

labile and a heat-stable fraction. in resparse to added N&l there was an in- 

crease in heat-stable crctivity in tha iatter gmup (Table 3). These changes 

ressnbied those of prodnisolone-treated culturas,aithcwgh theincreasowas 

more markad Pollcaving steroid induction. Uniikb the stwoid offact, hauwer, 

there MS also a greater hwt-labile phosphatase activity following increase 

in osmoiarity, and this contributed to an imroase in the total specific actir 

I ty. Tha H. Ep. ii cell line, which differs fra other high activity lines 

in possessing a heat-stable anntyms, shwed an increase in total alkaline phos- 

phatase activity wlth steroid as well as with added salt. 

Chang liver clone 8A also differed from other high activity cell lines 

in that total phosphatase activity din4nished following grwth with added 

NaCi as ueii as with prednisolene (Table 4). In both instanues the heat- 

stable fraction increased. f'oilouing the silNitan6ais addittan of both salt 

and steroid an equivalent reduction in total phosphatase activity occurred. 

Hwaver, there was a greater increase in the heat-stable fraction, rapnsent- 

ing the swn of the contribution froar prednisolono and NsCi when addad inde- 

pendantiy. 

In contrast to the findings with estabiished iinas, recently isolated 

fibrobiast cell cultures from skin (grant In ainimsi EagWs mediu with 20% 

huvn serum and 5% bovine adwyo extract ultrafiltrate) had law alkaline 

phosphatasa activity but SW no change in response to steroid or to is 

crease In osmolarity. The fact that these ceil lines shwed practically no 

bat-stable activity may provide an explanation for the differences in rcupOnW 

to these stiauli. 

Little infomatlon is available concerning the cellular awkaboiic m- 

sponses to aiterattons In ornroiarity. Studies of the salt requlwnsnts of 
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Table 4. EFFECT W W T A)(I) STEROID ON NEAT-STABLE PHDSPRATME 
Oc CHAH6 LIVER CLDRE 8A 

Additiow 
EHg 

tbat-Stabio 
Fractian (a* 

Ccntroi 79.9 3 2.4 

Prednisoiona 47.6 17 8.3 

NaCi 45.0 16 7.2 

Prednisoime + Naci 49.2 40 19.6 

* Prednisoiam and R&i added in ConcentratiMs of o.5Jlg/ai and 40 Id4 
respectively. 

*k obtained by oxtrapoiation to zero tiao of first order rate of inactivo- 
tial of hoat-stable caPponsnt at 56% in w buffer. 

miian cei,i cultures heretofore have bean restricted iargaiy to the para- 

meters of ceil increase and gross nwphoiogic changes (Eagle, 19%) and have 

been considared in tams of specific ionic rather than osmotic effects. Re- 

cent studies (Stubbief ieid and kieiier, i%D) have revealed changes in caqw 

sition and rates of glucose utilization and iactato production of l+sLa ceils 

in response to high concantrations of R&i in the nutrient madium, Hanver, 

ionic and orarotic effects were not differantiated. inhibition of phagocytosis 

and tha respiratory and giycoiytic activities associated wlth this process 

foilwing the addition of various inorganic salts or glucose to guinaa pig 

poi~rphonuciear ieucocytes ware ascribed specifically to the effects of 

hyperosmolarity (Sbarra et al., 1%3). 

Tha inducticrsl of aikriina phosphatase Is tha first ewrpie of an en- 

zymatic alteration in luuiian ceils in response to increase in osmoiarity. 

Mile this alteration differs in certain respects from phosphatase induution 

by adrenal giucocorticoids, it rwy provide a basis for studies of possible 

mwhanisms Involved in the steroid effect. Furthemre, changes in metabolic 

and annsynmtic activity of ceils In vitro In response to changes of oslroiarity 

uy serve as a model for studies of the homaostatic responses to similar path- 

ologic events In viva. 
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