
Pr ot ei ns Synt hesi zed and Secr et ed

dur i ng Rat Pancr eat i c Devel opment

ABSTRACT The synt hesi s and secr et i on of pr ot ei ns dur i ng devel opment of t he pancr eas was
anal yzed usi ng t wo- di mensi onal gel el ect r ophor esi s . The pat t er n of synt hesi s of t he t ot al
pr ot ei ns of t he pancr eas was f ound t o change ver y l i t t l e f r om 14 t o 18 d gest at i on . I n addi t i on,
t he pr ot ei n synt het i c pat t er n of t he embr yoni c pancr eas was ver y si mi l ar t o t he pr ot ei n pat t er ns
of sever al ot her embr yoni c t i ssues ( gut , l ung, and mesenchyme) . Bet ween 18 d gest at i on and
t he adul t st age, t he synt hesi s of t he maj or i t y of pr ot ei n speci es f ades as t he synt hesi s of t he
secr et or y ( pr o) enzymes becomes domi nant . Thus, t he t er mi nal di f f er ent i at i on of t he pancr eas
appear s t o i nvol ve t he domi nant expr essi on of a l i mi t ed set of genes ( codi ng, i n par t , f or t he
di gest i ve [ pr o) enzymes) whi l e t he pat t er n of expr essi on of t he r emai ni ng domai n r emai ns
r el at i vel y unchanged . Many of t he secr et or y ( pr o) enzymes wer e i dent i f i ed and t hei r synt hesi s
dur i ng devel opment was moni t or ed . The synt hesi s of sever al secr et or y pr ot ei ns was det ect ed
bet ween 15 and 18 d gest at i on ( e . g . , amyl ase and chymot r ypsi nogen) , wher eas t he synt hesi s of

ot her s was not det ect ed unt i l af t er 18 d gest at i on ( i . e . , t r ypsi nogen, r i bonucl ease, pr oel ast ase,
and l i pase) . Bet ween 18 d gest at i on and t he adul t st age, t he synt hesi s of t he di gest i ve
( pr o) enzymes i ncr eases t o >90% of pancr eat i c pr ot ei n synt hesi s . The secr et i on of di gest i ve

( pr o) enzymes was det ect ed as ear l y as 15 d gest at i on . The sel ect i ve r el ease of a second set of
pr ot ei ns was det ect ed i n t he ear l y embr yo . These pr ot ei ns ar e not det ect ed i n t he adul t
pancr eas or i n zymogen gr anul es but ar e al so r el eased by sever al ot her embr yoni c t i ssues . The

f unct i on of t hi s set of pr ot ei ns i s unknown .

Pancr eat i c di f f er ent i at i on has been ext ensi vel y st udi ed at bot h
mor phol ogi cal ( 18, 19) and bi ochemi cal l evel s ( 5, 14, 23, 25) .
Nor mal devel opment r equi r es i nt er act i on bet ween epi t hel i al
and mesenchymal t i ssues ( 8, 25) . Ear l y i nvest i gat i ons suggest ed
t hat pancr eat i c di f f er ent i at i on i s a mul t i phasi c pr ocess ( 4, 21,
23) . I n t he r at , t he f or mat i on of t he pancr eat i c r udi ment f r om
t he gut at - 11 d gest at i on i s coupl ed t o t he appear ance of ver y
l ow l evel s of exocr i ne pr ot ei ns and i nsul i n ( t he pr i mar y t r an-
si t i on) . Dur i ng t he next 3- 4 d, aci nar st r uct ur es f or mand t he
l ow l evel s of exocr i ne secr et or y pr ot ei ns and i nsul i n ar e mai n-
t ai ned ( " pr ot odi f f er ent i at ed st at e" ) ( 22, 23) . A second di f f er -
ent i at i ve t r ansi t i on i s det ect abl e begi nni ng at 14- 15 d gest at i on
when t her e i s a r api d i ncr ease i n r ough endopl asmi c r et i cul um,
a 103- t o 10' - f ol d i ncr ease i n t he accumul at i on of t he speci f i c
exocr i ne enzymes and i nsul i n, coupl ed wi t h t he appear ance of
zymogen gr anul es i n aci nar cel l s and, 8 gr anul es i n B cel l s ( 4,
21, 23) . The messenger RNAs codi ng f or t he exocr i ne pr ot ei ns
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accumul at e i n a par al l el f ashi on but sl i ght l y pr ecedi ng t he
secr et or y pr ot ei ns ( 10, 11, 20) .

We have now used t wo- di mensi onal gel el ect r ophor esi s t o
moni t or pr ot ei n synt hesi s and secr et i on dur i ng devel opment of
t he embr yoni c pancr eas . Thi s met hod al l ows anal ysi s of bot h
t he pancr eas- speci f i c pr oduct s ( t he secr et or y ( pr oj enzymes) and
t he synt het i c pat t er ns of t he t ot al pr ot ei ns . Sever al of t he
secr et or y pr ot ei ns have been i dent i f i ed and t hei r synt hesi s and
accumul at i on dur i ng t he secondar y t r ansi t i on ( 14, 23, 26) have
been conf i r med. The secr et i on of t hese pr ot ei ns at embr yoni c
st ages has been demonst r at ed . We f ur t her demonst r at e t hat
whi l e t he synt hesi s of t he secr et or y pr ot ei ns i ncr eases dr amat -
i cal l y bet ween 14 and 18 d gest at i on, ver y l i t t l e change occur s
i n t he synt het i c pat t er n of t he t ot al pr ot ei ns . Fur t her mor e, at
ear l y st ages of di f f er ent i at i on, t he pr ot ei n synt het i c pat t er ns of
t he pancr eas and var i ous ot her t i ssues ar e st r i ki ngl y si mi l ar .
These st udi es suggest t hat pancr eat i c di f f er ent i at i on i nvol ves
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t he synt hesi s of a ( smal l ) subset of pr omi nent pr ot ei ns, whi l e
t he expr essi on of t he maj or i t y of t he pr ot ei ns r emai ns un-
changed .

MATERI ALS AND METHODS

I n Vi t r o Label i ng of Ti ssues

Adul t or embr yoni c or gans wer e di ssect ed f r om Spr ague- Dawl ey r at s . Pr eg-
nanci es wer e t i med and di ssect i ons wer e per f or med as descr i bed pr evi ousl y ( 18) .
Fr eshl y di ssect ed adul t pancr eat i c l obul es, i nt act embr yoni c pancr eases and l ungs,
sect i ons of embr yoni c gut and i ndi vi dual l obes of embr yoni c l i ver wer e i ncubat ed
i n a HEPES- buf f er ed Kr ebs- Ri nger ' s sol ut i on ( 28) suppl ement ed wi t h mi ni mal
essent i al medi um( MEM) ami no aci ds ( Gr and I sl and Bi ol ogi cal Co . , Sant a Cl ar a,

Cal i f ) ( wi t hout l euci ne) , 2 mMgl ut ami ne, I g/ l i t er gl ucose, 50 ug/ ml bovi ne
ser um al bumi n, 0. 1 mg/ ml soybean t r ypsi n i nhi bi t or , 100 U/ ml peni ci l l i n, 100

l +g/ ml st r ept omyci n, and 125, uCi / ml [ ' HJl euci ne ( 60 Ci / mmol , New Engl and
Nucl ear , Bost on, Mass . ) . I n some cases t he l abel i ng was done i n suppl ement ed
MEM ( GI BCO) ( wi t hout l euci ne) wi t hout HEPES- buf f er ed Kr ebs- Ri nger ' s .
Typi cal l y, i ncubat i ons i ncl uded, r espect i vel y, 30 adul t l obul es, 10- 40 embr yoni c
pancr eases ( dependi ng on age) , 20 16- d embr yoni c l ungs, 10 16- day embr yoni c
l i ver l obes and 20 - l - cm- l ong pi eces of 16- d embr yoni c gut . I n cases i n whi ch
r el eased pr ot eases wer e t o be assayed, soybean t r ypsi n i nhi bi t or was omi t t ed and
bovi ne ser um al bumi n was i ncr eased t o 100 ug/ ml . The t i ssues wer e i ncubat ed
f or 6 h at 37° C wi t h shaki ng. A cont i nuous st r eam of 100%oxygen was passed
over t he HEPES- buf f er ed medi um, and 95%oxygen, 5%car bon di oxi de was used
wi t h t he MEM. 14- d pancr eases cul t ur ed as descr i bed pr evi ousl y ( 18) wer e
l abel ed as descr i bed above .

FI GURE 1

	

Two- di mensi onal gel el ect r ophor et i c anal ysi s of pr ot ei ns r el eased by embr yoni c and adul t pancr eases . Nonequi l i br i um

pH gr adi ent el ect r ophor esi s i s i n t he hor i zont al di r ect i on wi t h t he basi c end at t he l ef t and t he aci di c end at t he r i ght . SDS

el ect r ophor esi s i s i n t he ver t i cal di r ect i on . a, 14- d r el eased pr ot ei ns ; b, 15- d ; c, 16- d ; d, 17- d ; e, 18- d ; f , adul t . Ar r ows i ndi cat e

pr ot ei ns r el eased by embr yoni c pancr eas as wel l as sever al ot her embr yoni c or gans ( see t ext ) but not by adul t pancr eas . The scal e

at t he r i ght i ndi cat es mol ecul ar wei ght x 10 - 4 based on t he mi gr at i on of i dent i f i ed zymogens of known mol ecul ar wei ght

( r i bonucl ease, 13, 000; chymot r ypsi nogen, 26, 000 ; pr ocar boxypept i dase B, 45, 000 ; and amyl ase, 54, 000) .

VAN NEST, MACDONALD, RAMAN, AND RUTTER

	

Rat Pancr eat i c Devel opment

	

785



Two- di mensi onal Gel El ect r ophor esi s

The l abel i ng medi a wer e cent r i f uged f or 10 mi n at 16, 000 g t o r emove t i ssue

debr i s and di al yzed exhaust i vel y agai nst di st i l l ed wat er at 4° C. The di al yzed

sampl es wer e f r ozen, l yophi l i zed, and r edi ssol ved i n smal l vol umes of NEPHGE

( nonequi l i br i umpH gr adi ent gel el ect r ophor esi s) sampl e buf f er ( 9. 5 Mur ea, 2%

pH 3. 5- 10 amphol yt es ( LKB, Uppsal a, Sweden) , 5%ß- mer capt oet hanol , and 2%

Noni det P- 40 1NP- 401) ( 17) . Label ed embr yoni c or gans and adul t pancr eat i c

l obul es wer e washed t hr ee t i mes wi t h Ear l e' s bal anced sal t sol ut i on ( GI BCO)

and pl aced i n soni cat i on buf f er ( 0 . 01 MTr i s, 5 mMCaCh, 0. 1 mg/ ml soybean

t r ypsi n i nhi bi t or , 401<g/ ml mi cr ococcal nucl ease) ( 16) . The or gans wer e homog-

eni zed wi t h 10 st r okes of a gl ass Tef l on homogeni zer , soni cat ed, and i ncubat ed

f or 5 mi n at r oom t emper at ur e . The homogenat es wer e t hen made up t o 9 M

ur ea and mi xed wi t h an equal vol ume of NEPHGE sampl e buf f er , The sampl es

( up t o 25 l l l ) wer e anal yzed by NEPHGE- SDS t wo- di mensi onal gel el ect r opho-

r esi s as descr i bed by O' Far r el l et al . ( l 7) . The f i r st - di mensi on el ect r ophor esi s was

per f or med at 400 V f or 4 h. The gel s wer e ext r uded f r om t he t ubes and

equi l i br at ed f or 2 h i n SDS sampl e buf f er ( 10%gl ycer ol , 596 ß- mer capt oet hanol ,

2. 3%SDS, 0. 063 MTr i s, pH6. 8) . A 12%acr yl ami de r esol vi ng gel and a 3. 75%

st acki ng gel wer e used f or t he second- di mensi on el ect r ophor esi s. Fi ni shed gel s

wer e t hen pr epar ed f or f l uor ogr aphy as descr i bed by Bonner and Lasky ( 2) and

aut or adi ogr aphed on Kodak X- Omat f i l m at - 70° C.

Fl at - bed l soel ect r i c Focusi ng

Fl at - bed i soel ect r i c f ocusi ng was per f or med i n a 20- cmx 25- em bed of Bi o-

Gel P- 60 ( Bi o- Rad, Ri chmond, Cal i f . ) cont ai ni ng 296 pH 3 . 5- 10 amphol yt es

( LKB) . Buf f er st r i ps at each end of t he Bi o- Gel mat r i x consi st ed of 3 0. 8- cm x
20- cmst r i ps of What man 3MMpaper ( What man I nc. , Cl i f t on, N. J . ) soaked i n

2% amphol yt es . I dent i cal st r i ps soaked i n ei t her l MH2S0, ( anode) or 2 M

NaOH ( cat hode) wer e pl aced di r ect l y on t op of t he buf f er st r i ps . Pl at i num

el ect r odes wer e l ai d acr oss t he el ect r ode st r i ps . The syst em was pr er un at 10- 20

mA f or 2 h . The sampl es wer e spot t ed ont o t he Bi o- Gel mat r i x and r un at 400 V

f or 24 h. Sampl e l anes wer e cut i nt o 0. 5- cm sect i ons, suspended i n 0 . 1 MNaCI ,

and anal yzed f or r adi oact i vi t y and enzyme act i vi t y .

Enzyme Act i vat i on and Assay

Tr ypsi nogen, chymot r ypsi nogen, and pr ocar boxypept i dase A and B wer e

act i vat ed as pr evi ousl y descr i bed ( 26, 28) . Tr ypsi n and chymot r ypsi n act i vi t i es

wer e measur ed by t he met hod of Hummel ( 12) . car boxypept i dase B by t he

met hod of Fol k et al . ( 7) , amyl ase by t he met hod of Ber nf el d ( 1) , and r i bonucl e-

ase by t he met hod of Kal ni t sky et al . ( 13) .

RESULTS

Pr ot ei ns Secr et ed by t he Adul t Rat Pancr eas

Fi g . 1f shows t he pr ot ei ns secr et ed by adul t pancr eat i c
l obul es i n cul t ur e. At l east 12 maj or pr ot ei ns ar e r esol ved by
t wo- di mensi onal gel el ect r ophor esi s ( number ed 1- 12) . These
pr ot ei ns ar e t he exocr i ne enzymes or pr oenzymes f ound i n
zymogen gr anul es and ar e secr et ed i n r esponse t o secr et agogues
( 9, 28, 29) . Sever al of t he pr ot ei ns ( e . g. , 2, 5, 6, 8) appear as
mul t i pl e spot s i n t he hor i zont al di mensi on of t he gel s . Al t hough
i t i s i n pr i nci pl e possi bl e t hat t hese ar e a r esul t of i nt r i nsi c
ar t i f act s, numer ous cont r ol s car r i ed out by ot her s ( 16, 17) and
by our sel ves ( see st udi es i n pr ot ei n 2, bel ow) suggest t hi s i s not
t he case . These spot s ar e pr obabl y mol ecul es wi t h si ngl e- uni t

char ge di f f er ences caused by modi f i cat i on such as gl ycosyl at i on

and phosphor yl at i on ( 16) . I n t hi s r epor t such het er ogeneous
set s ar e consi der ed si ngl e pr ot ei ns.

Sever al of t he adul t secr et or y pr ot ei ns wer e i dent i f i ed by use
of pr epar at i ve f l at - bed i soel ect r i c f ocusi ng. Unl abel ed adul t
zymogen gr anul e cont ent s wer e r un i n par al l el and used f or
some i dent i f i cat i ons . Tar t akof f et al . ( 29) have shown t hat adul t
secr et i ons and zymogen gr anul e cont ent s ar e si mi l ar ( al so cf .
Fi gs . 1f and 3 a) . The r adi oact i vi t y and t he amyl ase act i vi t y of
each f r act i on of t he adul t secr et i ons, as wel l as t he l ocat i on of
car boxypept i dase B, chymot r ypsi n, t r ypsi n ( af t er act i vat i on) ,
and r i bonucl ease act i vi t i es f r om t he zymogen gr anul e l ysat e
r un i n par al l el , ar e shown i n Fi g . 2. Amyl ase has t wo mai n
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FI GURE 2

	

Fl at - bed i soel ect r i c f ocusi ng of adul t pancr eat i c secr et or y
pr ot ei ns . i 3H] l euci ne- l abel ed adul t pancr eat i c secr et i ons and unl a-
bel ed zymogen gr anul e l ysat e wer e r un si de by si de on f l at - bed
i soel ect r i c f ocusi ng ( see Mat er i al s and Met hods) . The r adi oact i vi t y
i n 3Hcpm x 10 - 3 ( O) , amyl ase act i vi t y i n mi l l i gr ams of mal t ose per
mi nut e per f r act i on ( 0) , and pH ( - - - ) of each f r act i on of t he adul t
secr et i ons i s shown . Fr act i ons of t he zymogen gr anul e l ysat e l ane
t hat cont ai ned r i bonucl ease ( RNase) , and, af t er act i vat i on, chymo-
t r ypsi n ( CHVMO) , t r ypsi n ( TRVP) , and car boxypept i dase B ( CPB)
act i vi t i es ar e i ndi cat ed .

i soel ect r i c f or ms i n Fi g. 2 t hat co- mi gr at e as pr ot ei n 1 i n t he
NEPHGE syst em ( Fi g . I f ) . The i dent i f i cat i on of pr ot ei n 1 as
amyl ase was conf i r med by i mmunopr eci pi t at i on wi t h r abbi t
ant i r at amyl ase ant i ser um( r esul t s not shown) . Spot 4 appear s
t o be a compl ex of t hr ee speci es of sl i ght l y di f f er ent char ge and
mol ecul ar wei ght ( Fi g. I f ) . Pr ocar boxypept i dase B i sol at ed by
f l at - bed i soel ect r i c f ocusi ng mi gr at es wi t hi n t he spot 4 compl ex
on t wo- di mensi onal gel el ect r ophor esi s . Two f or ms of chymo-
t r ypsi nogen wer e i sol at ed by f l at - bed i soel ect r i c f ocusi ng, an
aci di c f or m ( pl 4. 9) and a basi c f or m ( pI 9. 1) . The aci di c f or m
r uns i dent i cal l y t o spot 8 and t he basi c f or m appear s t o be spot
10.

Tr ypsi nogen mi gr at ed wi t h a pI of - 7 . 8 at t he aci di c edge of

t he amyl ase act i vi t y on f l at - bed i soel ect r i c f ocusi ng . Fr om i t s
i soel ect r i c poi nt as wel l as i t s si ze r el at i ve t o chymot r ypsi nogen,
we concl ude t hat spot 9 i s t r ypsi nogen. Ri bonucl ease act i vi t y
exhi bi t ed an i soel ect r i c poi nt of 8. 8 i n f l at - bed i soel ect r i c
f ocusi ng; we concl ude spot 11 i s r i bonucl ease on t he basi s of i t s
i soel ect r i c poi nt and si ze. Pr ot ei n 2 has yet t o be i dent i f i ed ( see
bel ow) . By compar i ng t he r el at i ve mi gr at i on of t he r emai ni ng
pr ot ei ns ( number s 3, S, 6, and 7) i n t he SDS di mensi on t o
t hose i dent i f i ed by Scheel e ( 27) i n gui nea pi g pancr eat i c secr e-
t i ons, i t appear s t hat pr ot ei n 3 i s l i pase ( sl i ght l y smal l er t han
amyl ase) and t hat pr ot ei ns S, 6, and/ or 7 may be pr oel ast ase
( sl i ght l y l ar ger t han chymot r ypsi nogen) , Scheel e ( 27) demon-
st r at ed t wo pr oel ast ase f or ms i n gui nea pi g, di f f er i ng sl i ght l y
i n mol ecul ar wei ght and i soel ect r i c poi nt .

Pancr eases of embr yos at 14- 18 d gest at i on wer e di ssect ed
and i ncubat ed i n a medi umcont ai ni ng [ 3H] l euci ne as descr i bed
i n Mat er i al s and Met hods. A subset of t he t ot al pr ot ei ns
synt hesi zed ( compar e wi t h Fi g . 5) i s r el eased i nt o t he medi um
( Fi g. 1 a- e) . At ear l y ages a l ar ge number of pr ot ei ns ar e
r el eased, but wi t h i ncr easi ng embr yoni c age, a smal l er di st i nct
subset can be r ecogni zed. Thr ee gr oups of pr ot ei ns accumul at e
i n t he medi um: ( a) pr ot ei ns f ound i n adul t secr et i ons and



FI GURE 3

	

Compar i son of t he pr ot ei ns of adul t and 18- d zymogen gr anul e l ysat es . [ 3 H] l euci ne- l abel ed zymogen gr anul es wer e

i sol at ed and l ysed, and t he l ysat e was appl i ed t o t wo- di mensi onal gel el ect r ophor esi s as i n Fi g . 1 . a, Adul t zymogen gr anul e l ysat e ;

b, 18- d zymogen gr anul e l ysat e. Number ed adul t pr ot ei ns cor r espond t o t hose number ed i n Fi g . 1 f .

FI GURE 4 Compar i son of t he pr ot ei ns r el eased by embr yoni c gut , l ung, l i ver , and mesenchymal t i ssue . El ect r ophor esi s was

per f or med as i n Fi g . 1 . a, 16- d gut r el eased pr ot ei ns ; b, 16- d l ung; c, 16- d l i ver ; d, 14- d mesenchyme . Ar r ows i ndi cat e pr ot ei ns

r el eased i n common by embr yoni c pancr eas, gut , l ung, and mesenchyme .

zymogen gr anul es, i . e . , secr et or y ( pr o) enzymes ( pr ot ei ns 1, 2,

4, and 8) ( we t er m t hese t he secr et or y subset ) ; ( b) pr ot ei ns

det ect ed dur i ng embr yoni c devel opment but not det ect abl e i n

ei t her adul t secr et i ons or i n gel s of t ot al pr ot ei ns synt hesi zed

by t he embr yoni c pancr eas ( ar r ows, Fi g. 1 a- e) ( we t er m t hese

t he r el eased subset ) ; and ( c) t hose pr ot ei ns pr omi nent i n gel s of

t ot al cel l ul ar pr ot ei ns ( compar e wi t h Fi g. 5) . The l at t er set i s

det ect ed pr i mar i l y at days 14 and 15 and may be t he r esul t of

cel l damage or l eakage f r om t he ear l y embr yoni c cel l s . None

of t he secr et or y ( pr o) enzymes ar e det ect ed at 14 d gest at i on by

t hi s anal ysi s . Pr ot ei n 2 i s f i r st det ect ed at day 15, pr ot ei n 8

( chymot r ypsi nogen) i s f i r st det ect ed at day 16, and pr ot ei n 1

( amyl ase) i s f i r st det ect ed at day 17 . Pr ot ei n 4 may be secr et ed

at embr yoni c st ages, but i t i s obscur ed by at l east t wo ot her

domi nant pr ot ei ns at al l st ages . Sever al pr ot ei ns pr esent i n

adul t secr et i ons ar e not r el eased at det ect abl e l evel s by embr y-

oni c pancr eases of 14- 18 d gest at i on, i ncl udi ng pr ot ei ns 3

( l i pase) , 7 ( pr oel ast ase) , 9 ( t r ypsi nogen) , 10 ( chymot r ypsi nogen

11) , and 11 ( r i bonucl ease) . When t he pr ot ei ns r el eased by

embr yoni c pancr eases of 20 d gest at i on wer e anal yzed ( dat a
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FI GURE 5

	

Two- di mensi onal gel el ect r ophor esi s of adul t and embr yoni c t ot al pancr eas pr ot ei ns . El ect r ophor esi s was per f or med as

i n Fi g. 1 . a, 14- d pancr eas pr ot ei ns ; b, 15- d ; c, 16- d ; d, 17- d ; e, 18- d ; and f , adul t . Ar r ows poi nt i ng up i ndi cat e new pr ot ei ns t hat

appear bet ween day 14 and day 18 of gest at i on and ar e i ndi cat ed on t he f i r st day det ect abl e . Ar r ows poi nt i ng down i ndi cat e ear l y

pancr eas pr ot ei ns whose synt hesi s i s shut of f bet ween day 14 and day 18 of gest at i on . Ci r cl ed spot s i ndi cat e common r ef er ence

pr ot ei ns t o assi st compar i son bet ween f i gur es . The scal e at t he r i ght i ndi cat es mol ecul ar wei ght x 10 - ° as i n Fi g . 1 .
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not shown) pr ot ei ns 3, 7, 9, 10, and 11 can be det ect ed at l ow
l evel s . Bet ween 20 d gest at i on and t he adul t st age t he secr et i on
of t hese pr ot ei ns i ncr eases dr amat i cal l y .

Pr ot ei n 2, a member of t he secr et or y subset , has not been
i dent i f i ed, but i t i s pr esent i n zymogen gr anul es ( 18 d and
adul t ; see Fi g. 3) as wel l as i n secr et or y pr oduct s f r om pan-
cr eases ol der t han 15 d gest at i on. Thi s component r eaches
maxi mal r el at i ve l evel s at about day 18. At day 20 and i n
newbor n pancr eases i t s synt hesi s i s di mi ni shed r el at i ve t o
amyl ase and chymot r ypsi nogen ( dat a not shown) ; i n adul t
secr et i ons i t i s a compar at i vel y mi nor pr ot ei n . The embr yoni c
f or m shows a hi gh degr ee of char ge het er ogenei t y, whi ch
decr eases i n t he adul t f or m. Tr eat ment of t he pr ot ei ns r el eased
by 18- d pancr eases wi t h a mi xt ur e of gl ycosi dases f r om Di pl o-
coccus pneumoni ae ( cont ai ni ng neur ami ni dase, ß- gal act osi dase,
hexosami ni dase, and endogl ycosi dase D act i vi t y) r educes t he
het er ogenei t y of t hi s component , si mi l ar t o t he r educt i on i n
het er ogenei t y seen i n adul t secr et i ons . D. pneumoni ae gl ycosi -
dase t r eat ment has no det ect abl e ef f ect on t he ot her secr et or y
pr ot ei ns . Thus, gl ycosyl at i on account s f or most of t he het er o-
genei t y of component 2 but does not account f or t he het er o-
genei t y seen i n ot her secr et ed pr ot ei ns ( e . g. , pr ot ei n 8) . Com-
par i son of t he het er ogenei t y of component 2 secr et ed by em-
br yos of di f f er ent ages ( Fi g . 16- e) and i n t he adul t ( Fi g . 1 . I )
suggest s t hat i t s pat t er n of gl ycosyl at i on changes dur i ng pan-
cr eat i c devel opment . Because pr ot ei n 1 can be pr eci pi t at ed
wi t h gl ycogen and bi nds t o Sephar ose ( a subst r at e anal og) , i t
seemed possi bl e t hat i t i s an amyl ase . However , i t i s not
pr eci pi t at ed wi t h ant i amyl ase ant i body, and we have been
unabl e t o det ect amyl ase act i vi t y associ at ed wi t h t hi s compo-
nent ( dat a not shown) .

We have compar ed pr ot ei ns secr et ed f r om pancr eases t o
t hose pr esent i n zymogen gr anul es . 25 18- d pancr eases and 30
adul t pancr eat i c l obul es wer e l abel ed wi t h [ 3H] l euci ne, and
zymogen gr anul es f r omeach wer e pr epar ed by t he met hod of
Mel dol esi et al . ( 15) . The i sol at ed gr anul es wer e t hen l ysed, t he
membr anes wer e r emoved by cent r i f ugat i on at 100, 000 g f or
60 mi n, and t he super nat ant sol ut i ons wer e anal yzed by t he
t wo- di mensi onal gel syst em. Aut or adi ogr aphs of t he l abel ed
18- d zymogen gr anul e l ysat e show onl y pr ot ei ns 1 ( amyl ase) ,
2, 4, and 8 ( chymot r ypsi nogen) , t he secr et or y subset ( Fi g . 3 b) .
Si mi l ar l y, t he adul t zymogen gr anul e pr ot ei ns r esembl e t he
pr ot ei ns secr et ed by t he adul t pancr eas ( Fi g . 3 a) . Ther e ar e
sever al not abl e except i ons such as pr ot ei ns 5 and 6 and t he
basi c pr ot ei ns 10 and 11 i n t he zymogen gr anul e l ysat e . The
l oss of t he basi c pr ot ei ns may be t he r esul t of pr ef er ent i al
bi ndi ng t o ani oni c ( membr ane) component s dur i ng zymogen
gr anul e i sol at i on and l ysi s.

The gr oup of pr ot ei ns r el eased by t he embr yoni c pancr eas
( ar r ows, Fi g. 1 a) ar e det ect ed t hr oughout embr yoni c devel op-
ment but ar e absent f r om adul t secr et i ons ( Fi g. 1f ) . These
pr ot ei ns ar e al so not det ect ed i n zymogen gr anul es ( cf . Fi g. 1 e

wi t h Fi g. 3 a and b) . Sever al of t hese pr ot ei ns r el eased by ear l y
embr yoni c pancr eases ar e absent or r el eased at l ower l evel s by
day 18. Most of t hese pr ot ei ns ar e al so r el eased by sever al of
t he ot her embr yoni c or gans exami ned. Fi g. 4 shows t he pr ot ei ns
r el eased by 16- d gut , l ung, and l i ver and by mesenchymal
t i ssue di ssect ed f r om 14- d pancr eas. ( At t hi s st age, t he epi t hel i al
and mesenchymal component s of t he pancr eas ar e not i nt e-
gr at ed, and can be easi l y separ at ed. ) The pancr eat i c pr ot ei ns

' Per sonal communi cat i on f r omDr . Wi l l i amJ . Gr i mes, Depar t ment of
Bi ochemi st r y, Uni ver si t y of Ar i zona .
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f ound i n zymogen gr anul es and i n adul t secr et i ons ( t he secr e-
t or y subset , pr ot ei ns 1, 2, 4, and 8) ar e not r el eased by t hese
ot her t i ssues, consi st ent wi t h t he demonst r at i on t hat t hi s gr oup
consi st s of pancr eat i c di gest i ve ( pr o) enzymes . Most of t he ot her
pr ot ei ns r el eased by t he embr yoni c pancr eas ar e al so r el eased
by t he gut , l ung, and pancr eat i c mesenchyme . I n cont r ast , t he
16- d l i ver r el eases none of t he pr ot ei ns common t o t he ot her
embr yoni c t i ssues ; i t r el eases onl y a l i mi t ed set of speci f i c
pr ot ei ns t hat may i ncl ude al bumi n ( 68, 000 mol wt ) and t r ans-
f er r i n ( 68, 000 mol wt ) ( 3) . Because t he l i ver demonst r at es
di f f er ent i at ed f unct i ons ear l i er t han t he ot her or gans st udi ed
( 24) , 16- d l i ver may al r eady be past t he st age at whi ch t he
r el eased subset of pr ot ei ns ar e det ect abl e . The f unct i on of t hi s
cl ass of r el eased pr ot ei ns i s unknown.

Tot al Pr ot ei ns Synt hesi zed by t he Embr yoni c

Pancr eas

Fi g. 5 shows t he t wo- di mensi onal gel pr of i l es of t ot al pr ot ei ns
synt hesi zed i n 14- t hr ough 18- d embr yoni c and adul t pan-
cr eases dur i ng a 6- h i ncubat i on wi t h [ 3H] l euci ne . The over -
whel mi ng commi t ment of t he adul t t i ssue t o t he synt hesi s of
di gest i ve ( pr o) enzymes i s i l l ust r at ed by t he si mi l ar i t y of t he
pr of i l es of t he t ot al pr ot ei ns synt hesi zed ( Fi g . 5J) and t he
pr ot ei ns secr et ed ( Fi g. I f ). I t i s est i mat ed t hat >90%of t ot al
adul t pr ot ei n synt hesi s i s dedi cat ed t o t he synt hesi s of secr et or y
pr ot ei ns ; onl y a f ew nonsecr et or y pr ot ei ns ar e det ect ed. How-
ever , i f t he same gel shown i n Fi g . 5f i s exposed t o t he f i l m 20
x l onger , many ot her pr ot ei ns appear ( not shown) ; t hus nu-
mer ous ot her pr ot ei ns ar e synt hesi zed at ver y l ow l evel s. I n
cont r ast , i n t he embr yoni c pancr eas t he synt hesi s of l ar ge
number s of pr ot ei ns ( >200 speci es) i s det ect abl e at shor t ex-
posur e t i mes. The pat t er ns of t he nonsecr et or y pr ot ei ns, bot h
i n t er ms of t he number and t he r el at i ve i nt ensi t y of spot s,
change ver y l i t t l e f r om 14 t o 18 d gest at i on. The f ew changes
det ect abl e ar e i ndi cat ed by ar r ows i n Fi g . 5 . The synt hesi s of
secr et or y pr ot ei ns, however , gr adual l y i ncr eases unt i l i t be-

comes t he domi nant synt het i c act i vi t y ( 20 d gest at i on and
t her eaf t er ) . A maj or quant i t at i ve and qual i t at i ve change i n
pr ot ei n synt hesi s occur s bet ween t he l at e embr yoni c and t he
adul t st age . A r educt i on i n synt hesi s of nonsecr et or y pr ot ei ns
i s accompani ed by an i ncr ease i n t he synt hesi s of t he speci f i c
secr et or y pr ot ei n r eper t oi r e.

When pancr eat i c pr ot ei n synt hesi s i s exami ned i mmedi at el y
af t er di ssect i on f r om t he embr yo, t he synt hesi s of amyl ase and
chymot r ypsi nogen i s not det ect ed unt i l day 18 ( Fi g . 5) . When
t he pr ot ei ns secr et ed f r om 14 t o 18 d gest at i on ar e anal yzed
( Fi g. 1) , chymot r ypsi nogen i s det ect ed as ear l y as day 16, but
amyl ase i s not appar ent unt i l day 17 . These r esul t s ar e i ncon-

si st ent wi t h ear l i er r epor t s ( 14, 23, 26) showi ng l ar ge i ncr eases
i n t he synt hesi s and accumul at i on of amyl ase and chymot r yp-
si nogen begi nni ng about day 15 . I t was f ound, however , t hat
when embr yoni c pancr eases ar e cul t ur ed i n vi t r o t he synt hesi s

of amyl ase and chymot r ypsi nogen i s det ect ed ear l i er , about t he

same t i me pr edi ct ed by t he ear l i er st udi es . Fi g . 6 shows ex-
panded aut or adi ogr aphs of t he amyl ase, pr ot ei n 2, and chy-
mot r ypsi nogen r egi ons of t he t wo- di mensi onal get s f or 14- d
pancr eases and 14- d pancr eases cul t ur ed f or 1, 2, or 4 d. The
synt hesi s of amyl ase and chymot r ypsi nogen can f i r st be de-
t ect ed af t er 1 d i n cul t ur e ( equi val ent t o day 15) and pr ot ei n 2

af t er 2 d i n cul t ur e . Thus, t her e i s a di f f er ence i n pr ot ei n
synt hesi s i n pancr eases i mmedi at el y af t er di ssect i on and af t er
cul t ur e f or sever al days i n vi t r o . Thi s di f f er ence i s pr i mar i l y i n



FI GURE 6 Det ect i on of amyl ase, pr ot ei n 2, and chymot r ypsi nogen i n cul t ur ed embr yoni c pancr eases. Tot al pr ot ei ns of 14- d

pancr eas, 14- d pancr eases gr own f or 1 ( 14 + 1) , 2 ( 14 + 2) , and 4 ( 14 + 4) d i n cul t ur e wer e l abel ed and r un on t wo- di mensi onal

gel el ect r ophor esi s as i n Fi g. 1 . The aut or adi ogr aph r egi on cont ai ni ng ( a) amyl ase, ( b) pr ot ei n 2, and ( c) chymot r ypsi nogen ar e

shown f or each day . Ar r ows i ndi cat e t he speci f i c pr ot ei n of each r egi on ( amyl ase, pr ot ei n 2, or chymot r ypsi nogen) .

t he synt hesi s of t he pancr eat i c secr et or y pr ot ei ns, as t he syn-
t hesi s of most ot her pr ot ei ns appear s si mi l ar i n bot h cases.

Tot al Pr ot ei ns Synt hesi zed by Ot her Embr yoni c

Ti ssues

To det er mi ne t he l i mi t s of t he pancr eat i c di f f er ent i at i ve
pr ogr am, we have exami ned t he r eper t oi r e of pr ot ei ns synt he-
si zed i n a number of embr yoni c cel l t ypes i ncl udi ng gut , l ung,
l i ver , and mesenchyme . The t wo- di mensi onal pat t er ns of t he
pr ot ei ns synt hesi zed by t he 16- d gut and l ung and t he 14- d
mesenchyme ( Fi g . 7a, b, and d) ar e st r i ki ngl y si mi l ar t o t he
pr ot ei n pat t er ns of t he embr yoni c pancr eas ( Fi g . 5) . I n cont r ast ,
at 16 d gest at i on i n t he l i ver t her e i s al r eady subst ant i al
synt hesi s of what appear t o be speci f i c pr ot ei ns ( e . g. , al bumi n
and t r ansf er r i n ( 3) , and gl obi ns, as t he ear l y l i ver i s known t o
be hemopoi et i c) ( Fi g. 4 c) . Thi s i s consi st ent wi t h pr evi ous
r epor t s showi ng ear l y synt hesi s of di f f er ent i at i ve pr ot ei ns i n
t he l i ver ( 24) and our demonst r at i on of t he speci f i c secr et i on of
some of t hese pr ot ei ns ( Fi g. 4) .

The si mi l ar i t y of t he pr ot ei n synt het i c pat t er n of t he pan-
cr eas, gut , l ung, and mesenchyme i s obvi ous f r om t he r emar k-
abl e const ancy i n bot h t he number and r el at i ve i nt ensi t y of
spot s det ect ed when equal amount s of l abel ed mat er i al ( 200, 000
cpm) f r om each t i ssue ar e appl i ed t o t he gel s . To i l l ust r at e

t hese si mi l ar i t i es, we phot ogr aphi cal l y enl ar ged aut or adi -
ogr aphs of Fi g. 4a ( pancr eas) and Fi g . 7 a ( gut ) , b ( l ung) , and
c ( mesenchyme) and t r aced t he maj or pr ot ei n spot s of a cent r al
r egi on ( encl osed wi t hi n t he bor der s, Fi g. 7 a) so t hat di r ect
compar i sons coul d be made among t he var i ous t i ssues . I n t he
compar i son of gut and pancr eas ( Fi g . 8 a) , 82% of t he pr omi -
nent gut pr ot ei ns ar e shar ed wi t h t he pancr eas and, conver sel y,
95%of t he pr omi nent pancr eat i c pr ot ei ns ar e shar ed wi t h t he
gut ( of 158 t ot al pr ot ei ns, 124 ar e common, 27 ar e onl y i n gut ,
and 7 ar e onl y i n pancr eas) . Si mi l ar l y, i n t he l ung ( Fi g. 8 b)
83% of t he pr omi nent pr ot ei ns ar e shar ed wi t h t he pancr eas
and 92%of t he pancr eat i c pr ot ei ns ar e shar ed wi t h t he l ung ( of
154 pr ot ei ns, 122 ar e common, 22 ar e onl y i n t he l ung, and 10
ar e onl y i n t he pancr eas) . I n t he 14- d pancr eat i c mesenchyme
( Fi g . 8 c) , 98%of t he pr ot ei ns ar e shar ed wi t h t he pancr eas and
92% of t he pancr eat i c pr ot ei ns ar e shar ed wi t h mesenchyme
( of 132 pr ot ei ns, 118 ar e common, 3 ar e onl y i n mesenchyme,
and 11 ar e onl y i n t he pancr eas) . Ther e ar e ver y f ew t i ssue
speci f i c pr ot ei ns det ect abl e i n t hese t i ssues at t hi s devel opmen-
t al st age. I n t he gel r egi ons anal yzed i n Fi g . 8, t her e ar e onl y
si x gut pr ot ei ns, one l ung pr ot ei n, t hr ee mesenchymal pr ot ei ns,
and t hr ee pancr eat i c pr ot ei ns not det ect ed i n t he ot her t i ssues
( ar r ows, Fi g. 8 a- c) . Thi s qual i t at i ve compar i son does not
i l l ust r at e t he si mi l ar i t y al so seen i n t he r el at i ve i nt ensi t y of t he
spot s i n t hese t i ssues . I n t he t i ssues exami ned, bot h t he number
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FI GURE 7

	

Two- di mensi onal gel el ect r ophor esi s of t ot al pr ot ei ns of embr yoni c gut , l ung, l i ver , and mesenchymal t i ssue . El ect r o-

phor esi s was per f or med as descr i bed i n Fi g. 1 . a, 16- d gut pr ot ei ns ; b, 16- d l ung ; c, 16- d l i ver ; d, 14- d pancr eat i c mesenchyme .

Bor der s i n a i ndi cat e r egi on t hat i s compar ed i n Fi g . 8 . Ci r cl ed spot s ar e t he same r ef er ence pr ot ei ns ci r cl ed i n Fi g . 5 . The scal e at

t he r i ght i ndi cat es mol ecul ar wei ght x 10 - ° as i n Fi g . 1 .

of spot s and t hei r r el at i ve i nt ensi t i es i ndi cat e t he si mi l ar i t y of

t he basi c synt het i c pr ogr am f or t hi s set of det ect ed pr ot ei ns .

DI SCUSSI ON

The t wo- di mensi onal gel el ect r ophor et i c anal ysi s of pr ot ei ns

synt hesi zed dur i ng pancr eat i c devel opment i s an i mpor t ant

adj unct t o our pr evi ous st udi es of t he devel opi ng pancr eas ( 5,

10, 11, 14, 20, 23, 26) , because i t al l ows i ndependent anal ysi s

of speci f i c mol ecul ar speci es as wel l as det ect i on of a l ar ge

f r act i on of t he pr ot ei ns synt hesi zed by t he t i ssue. The

NEPHGE gel syst em det ect s pr ot ei ns r egar dl ess of t hei r i soe-

l ect r i c poi nt ( 17) . Bet ween 200 and 300 pancr eat i c pr ot ei ns ar e

r eadi l y det ect ed usi ng t hi s syst em; t he sensi t i vi t y can be est i -

mat ed by t he det ect abi l i t y of amyl ase at ear l y st ages of devel -

opment . Amyl ase i s f i r st det ect ed i n 14- d embr yoni c pancr eases

cul t ur ed 1 d i n vi t r o ( equi val ent t o 15 d gest at i on) . Amyl ase

synt hesi s at t hi s t i me ( cal cul at ed f r om ear l i er dat a [ 11, 20] )

account s f or 0. 1- 0 . 3%of t ot al pr ot ei n synt hesi s . We est i mat e

t he pr ocedur e i s - 10 x mor e sensi t i ve by measur ement of spot

i nt ensi t y at di f f er ent exposur e t i mes . Thus pr ot ei ns account i ng

f or >_. Ol % of t ot al pr ot ei ns ar e det ect abl e by t hi s syst em.

Wher eas t he gr eat maj or i t y of pr ot ei ns ar e det ect ed, undet ect ed

pr ot ei ns may pl ay cr uci al r egul at or y r ol es i n di f f er ent i at i on .

Many of t he pr ot ei ns secr et ed by t he adul t pancr eas and

pr esent i n zymogen gr anul es wer e i dent i f i ed ei t her by di r ect

measur ement of enzyme act i vi t y and/ or by compar i son wi t h
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i soel ect r i c poi nt s and mol ecul ar wei ght s of known pr ot ei ns

( MacDonal d and Rut t er , unpubl i shed obser vat i ons ; see al so

r ef er ence 27) . The t i me at whi ch t he synt hesi s of t hese pr ot ei ns

i s i ni t i al l y det ect ed i n embr yoni c devel opment i n gener al con-

f i r ms our ear l i er r esul t s ( 14, 23, 26) , wi t h one si gni f i cant

except i on . When t he pancr eases wer e di ssect ed at 14 d gest at i on

and cul t ur ed i n vi t r o f or var i ous per i ods ( t he pr ocedur e f ol -

l owed i n ear l i er exper i ment s [ 14, 23, 26] ) , amyl ase and chy-

mot r ypsi nogen synt hesi s was det ect ed af t er 1 d i n cul t ur e ( . ~ 15

d gest at i on) . However , t hese pr ot ei ns wer e not det ect ed unt i l

sever al days l at er when t he pancr eases wer e l abel ed di r ect l y

af t er di ssect i on . Ther ef or e t he synt hesi s of t he cel l - speci f i c

pr ot ei ns i s sel ect i vel y af f ect ed by t he cul t ur e condi t i ons . Sever al

of t he ( pr o) enzymes, i ncl udi ng t r ypsi nogen, r i bonucl ease, and

what appear t o be l i pase and pr oel ast ase, wer e not det ect ed i n

embr yoni c pancr eases unt i l 20 d gest at i on. These pr ot ei ns,

however , wer e demonst r at ed by use of mor e sensi t i ve t ech-

ni ques ( enzyme assays and ant i body pr eci pi t at i on [ 14, 23, 26] )

t o be synt hesi zed sever al days ear l i er .

The pr esent dat a emphasi ze t he maj or changes i n synt hesi s

occur r i ng dur i ng t er mi nal di f f er ent i at i on . These changes occur

r el at i vel y ear l y f or some genes ( e . g . , amyl ase and chymot r yp-

si nogen) but ar e del ayed f or ot her s ( e . g . , t r ypsi nogen, r i bonu-

cl ease, l i pase, et c . ) . Thi s pat t er n of ear l y and l at e gene expr es-

si on dur i ng t he secondar y t r ansi t i on was al so det ect ed i n

exper i ment s of cel l f r ee t r ansl at i on of mRNA f r om embr yoni c

pancr eases ( 11) . I t i s possi bl e t hat di f f er ent pr ocesses af f ect t he
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FI GURE 8

	

Det ai l ed compar i son of t ot al pr ot ei ns of t he embr yoni c
pancr eas and t ot al pr ot ei ns of embr yoni c gut , l ung, and mesen-
chyme . The cent r al r egi ons ( i ndi cat ed by bor der s i n Fi g. 7a) of t he
t ot al pr ot ei n gel s f r om 16- d pancr eas, 16- d gut , 16- d l ung, and 14- d
mesenchyme wer e phot ogr aphi cal l y enl ar ged and t he maj or pr o-
t ei ns of each r egi on wer e t r aced . a, gut and pancr eas pr ot ei ns ; b,
l ung and pancr eas pr ot ei ns ; c, mesenchyme and pancr eas pr ot ei ns .
Shaded spot s i ndi cat e pr ot ei ns det ect ed i n t he pancr eas but not i n
t he ot her t i ssue wi t h whi ch i t i s bei ng compar ed . Cr oss- hat ched
spot s i ndi cat e pr ot ei ns det ect ed i n t he ot her t i ssue but not i n t he
pancr eas . Open spot s i ndi cat e pr ot ei ns common t o t he pancr eas
and t he ot her t i ssues . Ar r ows i ndi cat e pr ot ei ns speci f i c t o onl y one
of t he t i ssues anal yzed . R, r ef er ence pr ot ei ns ci r cl ed i n Fi gs . 5
and 7 .

expr essi on of t he ear l y and l at e set s of pancr eas speci f i c genes.
Dur i ng t he cour se of t hese st udi es we f ound t hat embr yoni c

pancr eases cul t i vat ed i n vi t r o r el ease a di st i nct subset of pr o-
t ei ns i nt o t he cul t ur e medi um. I n t he l at e embr yoni c and adul t
st ages t hese ar e pr i mar i l y f ound i n zymogen gr anul es and
r epr esent i dent i f i ed secr et or y pr ot ei ns . The sel ect i vi t y of t he
pr ocess i n t he ear l y embr yos i s mani f est , because t he maj or

speci es of t he r el eased pr ot ei ns ar e not det ect ed i n gel s of t ot al
cel l pr ot ei ns . Thus i t i s obvi ous t hat t he accumul at i on of t hese
pr ot ei ns i n t he medi a i s not t he r esul t of a r andompr ocess such
as cel l l ysi s . The secr et i on of some pancr eas- speci f i c
( pr o) enzymes was det ect ed as ear l y as 15 d gest at i on ; t hi s
secr et i on, however , i s appar ent l y i nsensi t i ve t o known secr et a-
gogues bef or e 21 d gest at i on ( 6) . The secr et or y mechani sm
i t sel f i s appar ent l y oper at i ve at 15 d gest at i on, wher eas t he
r egul at i on of secr et i on devel ops l at er . I n addi t i on t o t he secr e-
t or y pr ot ei ns, anot her set of pr ot ei ns accumul at es i n i ncubat i on
medi a, especi al l y i n t he ear l y embr yo. We do not knowwhet her
t hey ar e secr et ed or si mpl y r el eased f r om t he cel l sur f ace;
t her ef or e, we have t er med t hese t he " r el eased subset . " Thi s
subset of pr ot ei ns i s not r est r i ct ed t o t he pancr eas, but i s al so
pr oduced by sever al ot her embr yoni c t i ssues ( pancr eat i c mes-
enchyme, gut , and l ung) i n cul t ur e .

I n cont r ast t o t he dr amat i c changes seen i n t he synt hesi s of
t he speci f i c secr et or y pr ot ei ns, t he synt het i c pat t er n of t he t ot al
pr ot ei ns of t he pancr eas was f ound t o change ver y l i t t l e dur i ng
t he cr uci al per i od of devel opment . The number s and r el at i ve
i nt ensi t y of spot s ar e r emar kabl y const ant dur i ng t he per i od of
ear l y devel opment . Bet ween t he l at e embr yoni c st age and t he
adul t , t he synt hesi s of t he maj or i t y of pr ot ei n speci es gr adual l y
f ades as t he synt hesi s of t he secr et or y pr ot ei ns becomes domi -
nant . At t he adul t st age >90%of t he t ot al pr ot ei n synt hesi s i n
t he pancr eas i s dedi cat ed t o t he synt hesi s of t he secr et or y
di gest i ve ( pr o) enzymes . Thus t er mi nal di f f er ent i at i on of t he
aci nar cel l s appear s t o i nvol ve t he hi gh- l evel expr essi on of a
l i mi t ed number of genes ( codi ng f or di gest i ve ( pr o) enzymes) ,
wher eas t he pat t er n of expr essi on of t he r emai ni ng det ect ed
domai n ( codi ng f or t he maj or i t y of pr ot ei ns) appear s t o change
l i t t l e. Thi s pat t er n of di f f er ent i at i on was i nf er r ed ear l i er f r om
di f f er ent and i ncompl et e evi dence ( 24) .

When t he anal ysi s of t ot al pr ot ei n synt hesi s was ext ended t o
sever al ot her embr yoni c t i ssues, a r emar kabl e si mi l ar i t y i n t he
synt het i c pat t er n was f ound among pancr eas, gut , and l ung,
( epi t hel i al t i ssues) as wel l as mesenchyme ( a mesoder mal t i s-
sue) . For exampl e, at 16 d gest at i on, >90% of t he pr ot ei ns
det ect ed i n t he pancr eas ar e al so synt hesi zed i n t hese ot her
t i ssues . The maj or except i on ( l i ver ) i s pr obabl y t he r esul t of
t he ear l y di f f er ent i at i on of t hi s t i ssue . Thus, t he di f f er ent i at i on
of sever al t i ssues seems t o i nvol ve i ncr eased expr essi on of a
r el at i vel y smal l set of genes wi t hout changi ng mar kedl y t he
expr essi on of a set of pr ot ei ns t hat appear common t o sever al
t i ssues . The pr ot ei ns common t o al l t i ssues may be t er med t he
const i t ut i ve set , t hose t hat ar e expr essed i n sever al but not al l
t i ssues, t he semi const i t ut i ve set , and t hose r est r i ct ed t o a speci f i c
t i ssue t ype, t he di f er ent i at i ve set .

Besi des t he const i t ut i ve set of pr ot ei ns and t he cel l - speci f i c
secr et or y pr ot ei ns ( some secr et or y pr ot ei ns may be const i t u-
t i ve) , t her e r emai ns anot her set of pr ot ei ns of undet er mi ned
magni t ude, but of consi der abl e pr obabl e si gni f i cance . Some of
t hese pr ot ei ns may r esi de on t he cel l sur f ace or i n t he chr o-
mosomal st r uct ur e, and pl ay cr uci al r egul at or y r ol es . These
may i ncl ude nonsecr et or y pancr eas- speci f i c pr ot ei ns al r eady
det ect ed or pr ot ei ns t hat as yet r emai n undet ect ed. For an
under st andi ng of t he pr ocess of di f f er ent i at i on, t hese mol ecul es,
not t he pr oduct s of di f f er ent i at i on, must be i dent i f i ed and t hei r
f unct i ons del i neat ed .

We wi sh t o t hank Dr . Raymond Pi ct et f or hi s hel pf ul di scussi ons
t hr oughout t hi s pr oj ect , Dr . Wi l l i amJ . Gr i mes f or hi s gi f t of Di pl ococ-
cus pneumoni ae gl ycosi dases, and Lesl i e Spect or f or t he pr epar at i on of
t hi s manuscr i pt .
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