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An in v i tro  S y s t e m  for S t u d y i n g  M u c u s  Secre t ion  and Other  P h y s i o l o g i c a l  Act iv i t i es  in H u m a n  
Intes t ina l  M u c o s a  

'Organ Culture '1 is an in v i t ro  t echn ique  which  a ims 
to ma in t a in  the  a rch i tec ture  of a given piece of t issue and 
to  preserve  the  delicate ba lance  be tween  the  cons t i tuen t  
cells and o the r  t issue e lements  so t h a t  'physiological  
equi l ibr ium'  is achieved.  I t  offers, therefore ,  unique  
oppor tun i t i e s  for inves t iga t ing  the  effect  of var ious  
factors,  e.g. hormones ,  on a specific cellular ac t iv i ty ,  
under  condi t ions  which  aim to  s imula te  the  in vivo si tua-  
t ion ;  however ,  it  has  as ye t  been  used l i t t le in s tudies  on 
in tes t ina l  mucosa.  H u m a n  recta l  mucosa  is readi ly  ob- 
t a ined  by  suct ion b iopsy  ~ and  is r ich in mucous  cells; we 
therefore  selected th is  t issue for our  in v i t ro  s tudies  on 
mucous  secret ion in cyst ic  fibrosis,  a h u m a n  he red i t a ry  
disease charac te r ized  by  excessively viscous mucous  
secret ions and  electrolyte  abnormal i t i es  in serous secre- 
t ions  for which  there  is a t  p r e sen t  no adequa te  explana-  
t ion  a. 

2Ilaterials and methods. Rec ta l  biopsies were t aken  6-  
10 cm f rom the  anal  orifice and placed immed ia t e ly  in a 
solut ion of H a n k ' s  B.S .S . -10% foetal  calf se rum conta in-  
ing antibiot ics~;  using fine ca t a rac t  knives,  any  mucus,  
loose t issue or muscle was careful ly r emoved  and the  
spec imen cut  in to  exp lan t s  app rox ima te ly  2-3 cm square,  
which  were placed mucosal  surface u p p e r m o s t  on smal l  
squares  of r ayon  ne t  and t rans fe r red  to the  cul ture vessel. 
Over  500 cul tures have  been es tabl ished and, of several  
organ cul ture m e thods  examined  in detai l  (e.g. p l a sma  
clot, roller tube,  etc.), Trowell ' s  t echnique  5 has p roved  
to  be the  mos t  sa t is factory.  The media,  based on 199 or 
Trowell ' s  TS, con ta ined  4 mg /ml  glucose, and  usually 10% 
foetal  calf serum was included.  The cul tures  were incu- 
ba t ed  in an humidi f ied  a tmosphe re  conta in ing  5% CO~ in 
oxygen  and  were t rans fe r red  to fresh media  af ter  48 h in 
vi tro.  

Res~dts and discussion. In  th is  s tudy,  the  cr i ter ion for 
sa t i s fac to ry  survival  has  been  based on histological  
e x a m i n a t i o n  only  - order ly  a l ignment  of cells a t  the  base 
of the  crypts ,  mi toses  in t he  c r y p t  cells, mucous-fi l led 
goblet  cells, the  absence of necrosis in the  l amina  propria ,  
and  ma in t enance  of the  gross a rch i tec ture  of the  tissue. 
Various  addi t ives  to the  media  were t es ted ;  for example  
hydrocor t i sone  (Solu-Cortef,  U p j o h n  Co., 5-10 /xg/ml) 
usual ly  appeared  to be advan tageous  to the  cul tures and  
is now always included in the  med ia ;  insulin, on the  o ther  
hand ,  caused excessive epi thel ia l  cell prol i fera t ion and 
t issue d isorder  and should therefore  be o m i t t e d  f rom 
Trowell ' s  T8 media.  Ant ib io t ics  were always added,  and 
at  the  concen t ra t ions  l is ted in the  Table  appear  to have  no 
toxic  effects  on the  cells. In  media  conta in ing  10% foetal  
calf se rum plus hydrocor t i sone ,  th is  t issue can be main-  
t a ined  successfully for a t  least  90 h in v i t ro  (Figure). 

Maxinmm levels of antibiotics included in tissue culture media, all of 
which were found not to have toxic effects on the explants. 

Two pr incipal  p rob lems  were encountered  in th is  work  : 
(1) recta l  mucosa  is usually heavi ly  c o n t a m i n a t e d  wi th  
bacter ia ,  which  of ten  canno t  be held in check by  the  ant i -  
biotics in the  media,  and  (2) the  qua l i ty  of the  b iopsy  is 
ve ry  i m p o r t a n t  - d amag ed  t issue or excessive l y mp h o id  
masses  in the  specimen results  in poor  survival ;  fur ther -  
more, t he  exp lan t s  m u s t  be cut  small  enough to ensure 
adequa te  oxygena t ion  of all cells, bu t  wi thou t  damag ing  
too great  a p ropor t ion  of the  delicate t issue i r revers ibly  
dur ing the  cu t t ing  procedure .  

Rectal nmcosa maintained in vitro for 90 h. Media: 10% foetal calf 
serum in medium 199 containing 4 Ing/nll glucose, 5 [xg/ml hydro- 
cortisone succinate and 20 [~g/ml chloramphenieol. Incubated at 
37 ~ ill 5% CO 2 in oxygen. (a) Haematoxylin-eosin (• 190); (b) col- 
loidal iron-PAS-haematoxylin (• 190) (mucus stain); (c) autoradio- 
graph, demonstrating the incorporation of 85S0~ added to the liquid 
medium after 24 h into the goblet cell mucus. 

Penicillin 50 units/nil 

Streptomycin sulphate 50 ~xg/ml 

Neomycin sulphate 100 [Zg/ml 

Polymyxin B 25 units/nil 

Ampicillin 25 ~g/ml 

Chloramphenicol 20 [zg/ml 

Gentamycin 2 p.g/ml 

Fungizone 5 ~g/ml 
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Biopsies f rom 40 pa t i en t s  wi th  cystic f ibrosis and  f rom 
normal  controls  have  been compared  in th is  s tudy,  using 
h is tochemica l  m e t h o d s  and  85SO~ incorpora t ion  (auto- 
radiography)  for examin ing  mucus  p roduc t ion ;  however ,  
no cons is ten t  differences were demons t ra t ed .  An exhaus t ive  
h is tochemica l  examina t i on  of rectal  mucus  likewise has  
failed to reveal  any  chemical  abno rma l i t y  in cyst ic  
fibrosis mucus  ~. 

The po ten t ia l  of th is  m e t h o d  for inves t iga t ing  a va r i e ty  
of o ther  p rob lems  appears  to  be considerable,  and  a t  
p resen t  it  is being used for s tudy ing  the  toxic effects  of 
gluten digests  on duodenal  and rectal  biopsies f rom 
pa t i en t s  wi th  t r ea t ed  coeliac diseaseL 

Zusamn.zen/ass~tnr Bei der  zvs t ischen Pankreas f ib rose  
ist eine abnorme  Sch le imabsonderung  vorhanden .  Bei der  

e infachen R e k t u m m u c o s a b i o p s i e  s ind keine s icheren Be- 
funde  zu erheben.  Vv'ichtige Ver~inderungen wurden  je- 
doch  an der Duodena lmucosa  mi t  Hilfe einer  Organziich-  
t u n g s m e t h o d e  festgestel l t .  
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Crystallization and Properties of L-Asparaginase from Escherichia coli 

EC II  L-asparaginase f rom E. coli 1 is crysta l l izable  
f rom f rac t iona ted  cell extracts"-. Favourab le  condi t ions  
for crysta l l izat ion are p ro te in  concen t ra t ions  of 3 -5%,  
low ionic s t r eng th  of buffer  solution, p H  ranging from 
5.0-6.5 and cold room tempera tu re .  E t h a n o l  is slowly 
added  unti l  a s l ight  t u rb id i t y  becomes apparen t ,  which  is 
immedia te ly  r emoved  by  centr i fugat ion.  Crysta l l izat ion 
then  s ta r t s  and is comple ted  after  several  hours.  The 
yield of crystal l ine L-asparaginase is abou t  80% of the  
s ta r t ing  material .  Cations such as Mg, Ca, Sr, Ba, Zn and 
Co are not  necessary fur crystal l izat ion,  which even s ta r t s  
in the  presence of E1)TA. Rholnbs  originate at  pH 6.5, 
whereas a t  pH 5.0 s lender  rods are formed (Figures 1 and  
2). This p h e n o m e n o n  is to be expla ined by  a favoured  
growth  of one d imens ion  at  pH 0.5. \Vhen crys ta l l iza t ion  
is performed,  s t a r t ing  wi th  a r a the r  impure  material ,  the  
con tamina t ing  prote ins  which migra te  in PAA-gel  electro- 
phoresxs faster  towards  the  anode than  L-asparaginasc,  
remain in the  s u p e r n a t a n t  (Figure 3). The specific ac t iv i ty  
of 301) I U / m g  is reached by  repea ted  crys ta l l iza t ion 
(Figure 4, sample  1). 

Pur i f ied  L-asparaginase gradual ly  loses up to 90% of 
enzyme  ac t iv i ty  on exposure  to 37 ~ for several  days.  
However ,  the  inac t iva ted  p ro d u c t  is as easily crystal l ized 
as the  enzyme,  f rom which it has  or iginated.  The loss of 
ac t iv i ty  is r ep resen ted  in PAA-gel  e lectrophoresis  by  a 
sp l i t t ing  into 3-4 c o m p o n e n t s  of minu te  higher  mobi l i ty  
t h a n  the  act ive enzyme which  exhib i t s  a single c o m p o n e n t  
only (Figure 4). In  the  u l t racent r i fuge  the  Schlieren pa t -  
t e rns  of two 37~ t r ea t ed  samples  are ent i re ly  homo-  
genons. Sed imen ta t ion  cons tan t s  S~0,,, are ident ical  w i th  
S~0,~, of the act ive enzyme (Table). 

The molccular  weight  of L-asparaginase,  inac t iva ted  
at  37 ~C, was de t e rmined  f rom equi l ibr ium sed imen ta t ion  
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Fig. 1. Rhombs of crystallized L-asparaginase 
from E. coll. Conditions are: 4.8% protein in 
t).0252ll sodium phosphate, pH 6.5; addition 
of approx. 20 ~ v/v ethanol at 4~C. l,eft: 
fast cry>tallization within 3 rain. Right: slow 
crystallization with 24 h. The scale applies to 
both exposures. 


