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AGOSTON, D. V., J. FAHRENKRUG, J. D. MIKKELSEN AND V. P. WHITTAKER. A peptide with N-terminal histidine and 
C-terminal isoleucine amide (PHI) and vasoactive intestinal peptide (VIP) are copackaged in myenteric neurones of the guinea pig 
ileum. PEPTIDES 111(3) 571-573, 1989.--When cytoplasmic extracts of the myenteric plexus of guinea pig ileum are submitted to 
centrifugal density gradient separation in a zonal rotor, conditions which separate storage particles containing substance P, 
somatostatin and VIP from each other, PHI copurifies with VIP. The two immunoreactivities cannot be separated by particle exclusion 
chromatography, which depends on size rather than density. It is concluded that the posttranslational cleavage of the propeptide or 
precursor to PHI and VIP occurs after packaging into these storage particles. 

Copackaging Myenteric neurones PHI VIP 

IT is now known that the 28 amino acid peptide, vasoactive 
intestinal peptide (VIP), is synthesized in the form of a propeptide 
or precursor which is posttranslationally modified by proteolytic 
cleavage to generate VIP and various other fragments, the main 
one of which is a 27 amino acid peptide known as PHI, standing 
for the peptide with N-terminal histidine and C-terminal isoleucine 
amide. VIP and PHI and/or the other propeptide cleavage products 
have been shown to coexist in a number of VIP-containing cells 
(9, 12, 15, 21); both VIP and PHI are biologically active (22,24), 
are cosecreted (12) and have been shown to exert their actions on 
the same organ systems (16, 20, 22-24). Functionally critical 
regions of the propeptide are conserved between rat and man (18). 

The myenteric plexus-longitudinal muscle (MPLM) prepara- 
tion of Paton and Zar (19) has been extensively used by the 
Gt~ttingen group as a source of acetylcholine- (ACh) and neuropeptide- 
containing storage vesicles. These have been isolated by high 
resolution density-gradient centrifugation in a zonal rotor and 

characterized morphologically and biochemically (1--4, 10, 11, 
17). Among them is a fraction of dense-cored vesicles rich in 
VIP (4). 

In the present work we have sought to answer the question as 
to whether PHI is copackaged with VIP in these storage granules 
of myenteric neurones by investigating whether PHI copurifies 
with VIP during the isolation of the VIP-containing particles. 
Mg2÷-activated ATPase (MgATPase) and synaptophysin (SY), 
formerly considered to be specific synaptic vesicle markers, but 
now known also to be present in the neuropeptide storage vesicles 
of the myenteric neurones (2), have also been studied. 

METHOD 

SubceUular Fractionation 

Density gradient separation in a zonal rotor. A modification 
(2) of earlier procedures (3, 4, 11) was used. MPLM (8-10 g from 
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FIG. 1. Distribution of (top) VIP (0) and PHI (x) and (bottom) the vesicle 
markers oligomycin-insensitive MgATPase (A) and synaptophysin (0) in 
a sucrose density gradient after centrifugal separation of a cytoplasmic 
extract of MPLM in a small zonal rotor. The gradient profile (sucrose 
concentrations) is indicated by small dots. About 4 pmol of each 
neuropeptide was centrifuged into the gradient and the recovery was close 
to 100%. 

6 guinea pigs of 300-350 g body weight) was homogenized in 
ice-cold 0.16 M NaCl buffered with 10 mM 2-(N-2-hydroxyethyl- 
piperazine-l\r’-yl)ethane sulphonate (Hepes), pH 6.8 and contain- 
ing 1 mM EGTA, 0.1 mM phenylmethyl sulphonylfluoride, 100 
unitsm- ’ of the kallikrein inhibitor aprotinin (Trasylol, Bayer), 
0.01 mM NaN, and 1 mM dithiothreitol to inhibit proteases and 
effectively stabilize the peptides (2,7). The resulting homogenate 
was centrifuged at 1000 xg for 20 min. The precipitate was 
resuspended in fresh medium and recentrifuged; the combined 
supematant was loaded onto a gradient formed in a zonal rotor as 
described (2) and centrifuged to equilibrium (6 hr at 60,000 
revmin- ‘). The gradient was displaced by pumping in dense 
sucrose and collected in 5 ml fractions. 

Separurion on a step gradient. The 1000 g supematants from 
MPLM homogenates (5 ml/tube) were separated on a step gradient 
formed in tubes of a Beckman SW 41 rotor and consisting of layers 
of 1.2 and 0.9 M sucrose (4 ml/tube). After centrifuging at 41,000 
revmin- ’ for 3 hr, the particulate fraction sedimenting between 
0.9 and 1.2 M sucrose and corresponding to most of the VIP peak 
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PIG. 2. Distribution of VIP (0) and PHI (x) in fractions obtained by 
particle exclusion chromatography on a S-1000 column from a crude 
storage particle preparation previously separated in a step gradient in an 
SW 41 rotor. Fractions between 0.9 and 1.2 M sucrose containing a total 
of 3.3 pmol of each neuropeptide were pooled and loaded onto the column. 
Recovery, 60%. 

in the zonal density gradient was collected and subjected to 
particle exclusion chromatography. 

Particle exclusion chromatography. This was performed on a 
60 x 1 cm column of Sephacryl-1000 (Pharmacia) capable of 
resolving dense-cored vesicles from synaptic vesicles (2,7). The 
elution buffer contained 0.32 M sucrose, 10 mM Hepes buffer, pH 
6.6 (at 4”C), protease inhibitors and enough NaCl to make it 
isoosmotic with the VIP peak fractions from the step density 
gradient. The column was conditioned before use as described (2). 

Assays 

Extraction. Samples of fractions from zonal density gradients 
or chromatographic eluates were extracted for neuropeptides and 
SY as previously described (2, 5, 7). 

Radioimmunoassays. VIP and PHI were assayed in extracts as 
previously described (1, 2, 4, 6, 13). Each antiserum used was 
specific for its peptide (12,14) and did not cross-react with the 
other peptide. SY was assayed by the dot-blot technique as 
previously described (2, 5, 7). 

Enzyme assay. MgATPase was determined in the presence of 
oligomycin and ouabain as previously described (2,7). 

RESULTS 

Figure 1 shows the distribution of VIP, PHI, MgATPase and 
SY in a zonal density gradient after the centrifugal separation of 
MPLM supematant. It will be seen that the distribution of the two 
peptides is almost identical. The two putative stable synaptic 
vesicle markers MgATPase and SY are similarly distributed but 
more broadly. The presence of storage particles containing other 
peptides [substance P, somatostatin (4), and gastrin releasing 
peptide, Agoston and Shaw, unpublished observations] in the 
region of the gradient containing 0.9 to 1.1 M sucrose may 
account for this since there is no reason to suppose that these 
markers are confined among neuropeptide storage particles to 
VIP-containing vesicles. Below 0.85 M sucrose a second peak of 
MgATPase and SY is discernible: this is the region of the gradient 
containing ACh-rich synaptic vesicles. 

In Fig. 2, the effect of submitting a VIP- and PHI-containing 
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fraction prepared on a step gradient to particle exclusion chroma- 
tography is shown, Again, VIP and PHI copurify with no evidence 
of separation. 

DISCUSSION 

The results presented indicate that PHI and VIP are present in 
a close to 1: 1 molar ratio in fractions of storage vesicles previously 
identified as rich in VIP and dense-cored vesicles of diameter 110 
nm (4). The failure of the two peptides to separate when their 
storage vesicles were fractionated on the basis of differences in 
density (zonal or step gradient) or size (particle exclusion chro- 
matography) strongly suggests that they are present in the same 
particle. This in turn indicates that the storage vesicles were 
initially charged with the propeptide or precursor and that the 
posttranslational modification of this polypeptide by limited pro- 
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teolysis occurs within the vesicle. 
Hitherto, knowledge of the colocalization of PHI and VIP has 

been based on the identical distribution of the two peptides in 
several tissues as revealed by immunohistochemical techniques. 
Radioimmunoassay of tissues has indicated that they are not 
normally present in the 1: 1 ratio expected of two peptides with a 
common precursor; in some tissues the concentration of VIP is 
higher than that of PHI, in others, the reverse is true (8,14). This 
might be caused by different rates of catabolism of the two 
peptides in the various tissues. The isolation of intact storage 
particles containing the two peptides in a 1: 1 ratio provides a new 
and rather direct approach to the problem of their origin and 
colocalization. 
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