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The developmental study has shown that 1st instar lar-
vae give a negative Acph reaction, while 2nd instar larvae
rarely give a positive reaction. This situation is identical
in all 3 phenotypes. On the other hand, positive reaction
(for all 3 phenotypes) was observed in all other stages
studied. However, variations in the staining intensity of
the various bands were found, and these variations ap-
peared to be stage-specific. Thus, the A phenotype showed
that band 1 of 3rd instar larvae (early and late) was more
intense than bands 2 and 3 which stained identically. The
situation in prepupae and pupae was the same but the
difference between band 1, and bands 2 and 3 was less
evident. In virgin individuals (3 h after emergence) bands
2 and 3 appeared more intense and band 1 continued
staining as intensely as in pupae. Thereafter, the intensi-
ties of the 3 bands could be classified as 3 > 2 > 1 with
the intensity of band 1 declining as compared to earlier
stages, and the intensity of band 3 increasing; band 2 re-
mained about the same. The B phenotype showed that
band 3 of 3rd instar larvae (early and late) immediately
appeared more intense and remained more intense
(gradually increasing) as the individuals became older.
On the other hand, band 4 increased in intensity in 3rd
instar larvae, prepupae and pupae, but remained constant
thereafter. Finally, band 5 appeared at first in late 3rd

instar larvae, and increased through the pupal and adult

stage. Overall, the order of intensity was 3 > 4 > 5.

Es-

1 2 3

Fig. 2. Photograph of a zymogram of the 3 different acid phospha-
tase phenotypes of D. auraria (1 = phenotype B; 2 = phenotype
AB; 3 = phenotype A). The zymogram was obtained from adult
individuals.
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Phenotype AB is produced from the cross of pheno-
types A and B (Figures 1 and 2). The intensities of the 5
bands produced followed the relationship 3>4>2>521
in adult individuals.

In order to-determine the mode of inheritance of the
genes controlling the Acph phenotypes, all possible crosses
were performed and the results showed that the 3 pheno-
types appear to be controlled by simple Mendelian in-
heritance. However, the question that needs to be
answered is: what controls the appearance of the various
Acph bands in each phenotype?

Various hypotheses could be proposed in attempting to
explain the data presented in this report. The results of
the crosses indicate that the acid phosphatases of D.
auraria are controlled by 2 alleles of a single autosomal
gene. This, however, is not sufficient to explain the
existence of the 3 and the 5 bands that appear in the 2
homozygotes and the heterozygote respectively. This can
be explained only if we were to assume that the enzymes
are polymers consisting of 2 or 4 subunits and that they
are controlled by 2 pairs of closely linked autosomal genes,
Acph-A and Acph-B. Of these, gene Acph-A is represented
by alleles Acph-A' and Acph-A? controlling enzymes
with the mobility of bands 1 and 3 respectively, and gene
Acph-B is represented by alleles Acph-B?!, and Acph-B?
controlling enzymes with the mobility of the bands 3 and
5 respectively. The hypothesis requires that the one gene
(Acph-A or Acph-B) is the product of a duplication of the
other (as has already been described for amylases of
Drosophila® and aspartate aminotransferase in fishes 8)
and that mutations created the alleles Acph-A?! and
Acph-B2. Thus, genes Acph-A? and Acph-B! have the
same origin and structure, and this explains the similar
behavior of band 3 that they control in all phenotypes
and in the various developmental stages.

According to this hypothesis, phenotypes A, B and

Acph-Al Acph-B!
AB  are Acph-Al Acph—Bl’
Acph~A2 Acph-B2

, and Acph-Al Acph-B!
Acph—~A2 Acph-B? Acph—-A2 Acph-B?

The different activity of the Acph bands in the various
developmental stages could be explained by the existence
of regulatory mechanisms? determining the amount of
enzyme to be produced by the action of each gene.

derived from genotypes

respectively.

7W. W. Doaxg, Problems in Biology: RNA in Development (Uni-
versity of Utah Press, Salt Lake City 1969).
8 J. Scamiprke and W. Epcer, Experientia 28, 976 (1972).
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Summary. The effective unstirred layer thickness in the rat jejunum perfused in vivo amounts to at least 530 pm.
This value has been estimated from the absorption increase of r-phenylalanine due to better mixing of the luminal

solution by air bubbles.

The unstirred layer adjacent to the mucosal surface of
the intestine may be the source of biased results: reduced
permeability coefficients-3, raised Ky-values*-?, shift of
the pH-absorption curves to the right or the left8-11.
‘When the effective thickness of the unstirred layer is
known, corrections can be applied® %% The unstirred

layer thickness in the intestine can be determined in
vitro by measuring the change of the potential difference
after raising or lowering the osmolarity in the bulk
phase1:3:6,12,13, In vitro the unstirred layer can be
reduced by vigorous stirring!314 or shaking?. In vivo,
these methods cannot be applied. By adapting the in
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vitro method of Frsger and GARDNER 'S, a better mixing
of the luminal solution and a reduction of the unstirred
layer can also be achieved in vivo: a buffered solution
and air are perfused simultaneously through the intes-
tinal lumen, so that alternately segments of fluid and air
pass the lumen (‘segmented flow’). From the change of
the absorption rate using segmented and non-segmented
flow, the reduction of the unstirred layer thickness can
be estimated. This result represents the minimal value
in perfusion experiments in vivo.

Jejunal loops (length about 5 c¢m, distance from the
duodenojejunal flexure 16 to 30 cm) of male rats (330—
350 g) anaesthetized with urethane were perfused (single
pass) with a buffered solution (1/15 M KH,PO~Na,HPO,,
pH 6.8, 1.5 mg/ml urethane, adjusted to 320 mosm/kg
with NaCl) containing “C-labelled »-phenylalanine
(100 wM) and 0.1 mg/ml phenol red as volume marker.
After injection of heparin into the jugular vein, the de-
scending jejunal vein was punctured and the outflowing
blood collected and weighed. The blood loss was com-
pensated by jugular infusion of fresh heparinized rat
blood. The absorption rate (nmole/min - g), more precisely
the appearance rate of L-phenylalanine in the intestinal
venous blood, was calculated from the weight (g) and the
1C-activity (nCi/ml) of the collected jejunal blood using
its specific weight (g/ml), the specific activity (uCi/
umole), the duration of the sampling period (min), and
the wet tissue weight of the loop (g) obtained at the end
of the experiment; details see elsewhere1$,17. In a pre-
period of 30 min, the intestinal lumen was perfused
(0.5 ml/min) with a buffered solution without rL-phenyl-
alanine to suppress the transient initial absorption peak
{unpublished). In 3 consecutive experimental periods
(15 min each), the L-phenylalanine-containing solution
was perfused in the following manner: 0.5 ml/min (treat-
ment A), 0.5 ml/min - 0.5 ml/min air (treatment B),
1 ml/min (treatment C). The order of the 3 treatments
was changed according to the 6 possible permutations of
3 elements. The order of the permutations was randomized
(1 permutation per 1 rat). By this cross-over design, the
3 treatments could be compared in the same loop and
the variability between rats and periods could be elim-
inated by an appropriate analysis of variance. In treat-
ment B, the air and the fluid were mixed by means of a
Y-shaped tube tied into the proximal end of the loop,
otherwise the air inflow was interrupted. The length of
the air and fluid segments amounted to 0.5 to 1 cm. The
blood of the first 5 min in each experimental period was
discarded. The concentration of the absorbed r-phenyl-
alanine in the intestinal venous blood did not differ
significantly in the second and third 5 min, so that an
average value was calculated.

The following appearance rates of L-phenylalanine in
the intestinal venous blood were measured: A) 7.4 + 0.5;
B) 12.9 4 0.5; C) 8.5 + 0.5 nmole/min - g (N = 6, mean
+ SE based on rest variance). The increase of the per-
fusion rate from 0.5 to 1 ml/min {(A-C) causes only a
small — insignificant - increase of the absorption rate.
The segmented flow increases the absorption rate signif-
icantly (p < 0.001) by a factor of 1.74 (B/A) or 1.52 (B/C).
The reduction of the unstirred layer thickness correspond-
ing to the increase of the absorption rate can be calcu-
lated by means of the following equation:

AvL 1 1
46 = ¢y . D - G [QTA"@]’
46 = change of unstirred layer thickness (pm); C, =
luminal concentration (bulk phase), here 100 ubf; D =
diffusion constant, here for phenylalanine at 38°C =
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0.9654 - 10~ cm?/sec (extrapolated from the 25°C-val-
uel® 19} 4 = absorption rate (nmole/min - g); Ayr/W =
unstirred layer area related to wet tissue weight (cm?/g).
The unstirred layer area was determined in situ: The loop
was approximated by a cylinder. Its length was measured
by means of a thread placed on the loop along its curved
axis. The outer circumference was measured by a thread
leading around the loop through a small hole in the
mesentery closely attached to the surface. The inner
circumference was obtained by subtraction of 2- %+ 0.07 =
0.45 cm (0.07 cm = average thickness of jejunal wall).
Inner circumference times length results in the area of
the cylinder touching the tips of the villi. This area is
considered the average area of the unstirred layer in situ
and is related to the wet tissue weight of the loop: 16.0
+ 0.3 cm?/g. The reduction of the unstirred layer thick-
ness due to the segmented flow amounts to 530 + 90 pm.
This value represents the lower limit of the effective
thickness of the unstirred layer in the perfused jejunum
of the rat, since the mixing in the lumen by the air
bubbles is presumably not complete and does not reach
into the intervillous spaces.

The unstirred layer thickness of about !/, mm deter-
mined in vivo exceeds the thickness measured in vitro® §:
150 to 200 pm. Thus, the higher Ky-values obtained in
vivo20-2% for carrier mediated transport processes in the
intestine may be explained at least partly by the larger
effective thickness of the unstirred layer.

1 j. Dainty and C. R. Housg, J. Physiol., Lond. 782, 66 (1966).

2 A. P. SmuLpers and E. M. WricHT, J. Membr. Biol. §, 297 (1971).

3 V. L. SaLLee and J. M. Dierscuy, J. Lipid Res. 74, 475 (1973).

% R. B. FISHER, in Oxygen in the Animal Organism (Eds. F. DICKENS
and E. Ne1L; Pergamon, Oxford (1964), p. 339.

3 D. WinNNE, Biochim. biophys. Acta, 298, 27 (1973).

6 F. A. Wirson and J. M. DieTscHy, Biochim. biophys. Acta 363,
112 (1974).

7M. C. Ducas, K. Ramaswamy and R. K. CRANE, Biochim. bio-
phys. Acta 382, 576 (1975).

8 K. Kakemi, T. Arira, R. Hori, R. Kownisui, K. Nisuimura, H.
Matsur and T. Nisuimura, Chem. Pharm. Bull,, Tokyo 77, 255
(1969).

9 A. Suzukr, W. I. HicucHr and N.F.H. Ho, J. pharm. Sci. §9,
644 (1970)..

10 A, Suzuxki, W. . Hicucur and N.F.H. Ho, J. pharm. Sci §9, 651
(1970).

1 E. G. LoveriNG and D. B. Brack, J. pharm. Sci. 63, 1399 (1974).

12 7, M. DiamonD, J. Physiol.,, Lond. 783, 83 (1966).

13 H, WESTERGAARD and J. M. DierscHY, J. clin. Invest. 54, 718
(1974).

4 B. E. Luxig, H. WesTERGAARD and J. M. DierscHY, Gastro-
enterology 67, 652 (1974).

15 R. B. Fisurr and M. L. G. GARDNER, J. Physiol., Lond. 247, 211
(1974).

16 H. OcusENFAHRT and D, Wixnng, Naunyn-Schmiedebergs Arch.
Pharmak. 264, 55 (1969).

17D, WinNE and J. RemiscHovsky, Naunyn-Schmiedebergs Arch.
Pharmak. 268, 392 (1971).

18 C. R. WiLkEg, Chem. Eng. Progr. 45, 218 (1949).

19 1.. G. LoNGSWORTH, J. Am. chem. Soc. 75, 5705 (1953).

20 B L. Jervis and D. H. Suy1H, J. Physiol., Lond. 749, 433 (1959).

2t A. K. Riper, H. P. Scaepr, G. Nokes and S. SHINING, J. gen.
Physiol. 50, 1173 (1967).

22 H. ForstEr and B. Menzey, Z. Erndhrungswiss. 77, 24 (1972).

2 F. Rey, F. DriLLeT, J. Scamipt and J. Rey, Gastroenterology
66, 79 (1974).



