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Abstract-Wheat albumins were extracted from whole wheat flour with 150 mM sodium chloride solution and 
precipitated between 0.4 and 1.8 M ammonium sulphate. The albumin precipitate was separated by gel filtration 
on Sephadex GIOO into five peaks. Three peaks (II. 111, and IV), whose MWs were 6OOOO. 24000 and 12500 dal- 
tons respectively, were active toward several insect -/-amylases. whcrcas onl) peak III inhibited human saliva 
and pancreatic X-amylases. Peaks 111 and IV also inhibited trypsin. In each active peak, we found several x-amy- 
lase inhibitors slightly different in their electrophoretic mobihties in a Tris-glycine buffer system (pH X.5). 
whereas only one major trypsin inhibitor was present in peaks III and IV. In contrast to r-amylase inhibitors 
that were all anodic. trypsin inhibitors migrated to the cathode under our expuimental conditions. From a quan- 
titative standpoint, wheat albumins that inhibit trypsin are negliglblc, whcrcas about 2:3 of the total albumin 
inhibits amylases from different origins. All inhibitor components of peak III were active toward both insect 
and mammalian r-amylases. Moreover, they reversibly dissociated in the prcscncc of 6 M guanidine hydro- 
chloride giving two similar subunits. 

INTRODUCTION 

A WHEAT protein inhibitor of human saliva and pancreatic z-amylases was first described 
by Kneen et al.’ -’ Applebaum rt al.“- ’ found that this inhibitor also inhibited several in- 
sect amylases including those from Trnehrio molitor L., Plodrnitr littrr.lc F. and Td~olium 

castanrurn Hbst. The preparations used in this earlier work probably contained a mixture 
of proteins. More recently, Shainkin and Birk8 isolated from wheat two protein inhibitors 
(named AmI, and AmI?) that showed different specificities toward x-amylases from differ- 
ent origins. AmI, was only active against insect x-amylases. whereas Aml, also inhibited 
human saliva cc-amylase. After the investigations carried out by Silano et al.” and by 
Saunders and Lang, lo it became evident that in wheat seed there are multiple molecular 
forms of proteins capable of inhibiting insect and mammalian z-amylases. All these inhibi- 
tors have an albumin nature. but gliadins which behave as inhibitors of several r-amylases 
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seem ’ ’ to be present in wheat as well. r-Amylase protein inhibitors occur in wheat seed 
as well as in flour and in baked Lvheat llour goods.” They not only inhibit X-amylase it1 
~~irrq but also iri z:i~:c~. as was shown in men and other mammals by Puls and Keup13 and 
in insect larvae by Applcbaum.5 A possible role of x-amylase inhibitors as triggers of the 

symptoms ofcoeliac d&case (gluten-induced enteropathy) by lowering an already deficient 
pancreatic amylase activity has also been suggested. ‘I 

In view of possible uses in nutrition and therapy we made 21 sJ’stematic study of protein 
x-amylase inhibitors from wheat to evaluate their quantitative importance as compared 
to other wheat proteins and to determine whether thq belong to the albumin or to the 
gliadin protein class. Also. since protein trypsin inhibitors’4 ‘- from wheat seem to repre- 
sent I * a certain percentage of ivatcr-soluble proteins to which x-amylase inhibitors also 
belong. we compared trypsin inhibitors with amylase inhibitors in order to investigate 
possible correlations bctwcen thcsc two protein inhibitor classes. 
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vent. By using 65% (v/v) aqueous ethanol instead of the salt solution, we observed no 
significant improvement of the extraction of residual a-amylase inhibitors. No trypsin 
inhibitory activity was detectable in the ethanol extracts. The ethanol solvent did not affect 
activity of trypsin inhibitors extracted with the salt solution. 

We obtained an almost quantitative precipitation of the inhibitors by salting out 
between 0.4 and 1.8 M ammonium sulphate according to the procedure described by 
Pence and Elder’” to obtain a typical wheat albumin preparation. Recoveries of sr-amylase 
and trypsin inhibitors in the albumin precipitate were 76 and 60?;, respectively. Protein 
yield was about 0.3’1,, of seed weight which is close to the theoretical value for wheat albu- 
mins.“’ Precipitations performed in narrower ranges of ammonium sulphate con- 
centrations resulted in much lower inhibitor recoveries. 

Gelfiltration and spec$c inhibitory activity 

By submitting the albumin precipitate to gel filtration on a Sephadex GlOO column, we 
obtained five peaks of absorbance (Fig. la). Peaks I and V appeared strongly reduced when 
proteins were extracted, under identical experimental conditions, from flour instead of 
whole wheat flour. Three peaks (II. III and IV) were active toward TmL amylase* (Fig. 
Ic), whereas only peak III inhibited HS amylase (Fig. lb). Peak III was equally active to- 
ward human and chicken pancreatic rw-amylases as well as toward several insect amylases 
including those from BI~lto/lu qc~rmmku L. and Triholium cor~firsum Duv. Peak IV only inhi- 
bited the insect r-amylases. Both peaks III and IV exhibited a very low inhibitory activity 
toward pig pancreatic y-amylase equal to about l/50 of that displayed toward the other 
mentioned amylases. 

According to the observations of Mikola and Kirsi18 who submitted a salt extract of 
whole wheat to gel filtration on a Sephadex G75 column, two peaks (III and IV) showed 
inhibitory activity toward trypsin (Fig. Id). 

Fractions corresponding to central cuts of each active peak of Fig. 1 (indicated by bars) 
were pooled, dialyzed and freeze-dried. In the course of the paper we will refer to these 
lyophilised samples as peaks II, III and IV, using these symbols in a slightly different 
meaning from that we have used up to now. Protein recoveries in peaks II, III and IV 
were 27,24 and 6?;, (w/w applied) respectively. Recoveries of TmL amylase inhibitory acti- 
vity in these three peaks were 5.0, 41.8 and 32.4’:/0. In peaks III and IV we recovered 24 
and 5736 respectively of the trypsin inhibitory activity loaded on the column. Such high 
recoveries of proteins and inhibitors showed no significant irreversible binding of protein 
inhibitors to the Sephadex gel under our experimental conditions. 

Specific activity measurements indicated (Table 1) a 3-fold purification of HS amylase 
inhibitors and 2-fold purification of TmL amylase inhibitors over the ammonium sulphate 
precipitate in peak III. Purification factors of TmL amylase and trypsin inhibitors in peak 
IV were 5.1 and 6.2 respectively, whereas specific inhibitory activity of peak II toward TmL 
amylase was l/S of that exhibited by the unfractionated ammonium sulphate precipitate. 

As shown in Table 1, the highly purified inhibitors described by Sodini et al. (0.19),2’,“*‘o 

Shainkin and Bit-k (AmI?)’ and Saunders and Lang (I)” exhibited inhibition patterns very 

* Abbreviations: TmL amylase. 7cwhr.io rwlitor L. r-amylase; HS amylase. human saliva ximylase. 
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similar to that of peak III both from qualitative and quantitative standpoints. Moreover. 
the AmI, inhibitor purified by Shainkin and Birk’ and the inhibitors of the 0.28 family“ 

appeared strictly related to peak IV. On the contrary, specific inhibitory acti\itics of peak 
III and IV toward trypsin were much lower than those sh0w.n b> the purilied inhibitors 
described by Shymala and Lyman (WWTI)‘” and b! Hochslrasser and Werlc (Peaks I and 

II). l 7 

Pu~ificd amylase inhibitors*: 
Aml, (Shainkin and Birk. 1970) 
0.21; (Silano et N/.. 197.3) 
0.19 (Sodini PI 01.. 19701 
AmI, (Shainkin and Birk. 1970) 
Inhlbitot- I fS;wndcrs and Lang. 

4.0 
; j 

IY7.2) 

Purilicd trypsin illhibltors*: 
WWTJ (Shymala and Lyman. 1964) 
Peak I (Hochstrasser and Wale. 

1969) 

4.5 

6.0 

30 (1 

Both anodic (Fig. 2c and i) and cathodic (Fig. 3 and k) protein hands wuc found in 
polyacrylamide gel electrophoretic patterns of peaks III and I\’ in ;I Tris glycinc butTct 
system (pH X.5). Since to obtain clectrophorctic patterns of compar~~blc intensity. \\c 
loaded 100 ~lg ofproteins for the anodic and 1500 pp for the cathodic runs, it appears that 
cathodic fractions represent quite a low percentage (about i”,,) of p~ks 111 and 1V. Onl~ 
anodic fractions were found in peak II (Fig. ?a). All protein bands \\crc 1~1~~’ hl,lck. thus 

indicating an albumin nature.” W\ testing z-amylasc and tr!lxin inhibitor\ ac.‘livilj 01 
protein fractions eluted from the gel at the end of the electrophorctic :rnal!sis. \zc shokvcd 
that all the main anodic fractions of peak II1 inhibit both HS am! lax (Fig. 2d) and TmL 

amylase (Fig. 2). Similarly. the main anodic protein fractions from peak IV (Fig. 2111 as 
uell as those from peak I1 (Fig. 31~) wcrc found active to\jxrd Tml.. ;~m~las~. The slo\Fest 
amylase inhibitor of peak III had a mobility of 0.19 rclati,c to brnmoph~nol l~luc (= I). 
identical to that of the 0.19 inhibitor under idenCcal experimental conditions.” ‘The mobi- 
lities of the t\vo Train fractions of peak IV Lvere 0.28 and 0.39. in gocxl correspondence 
with the mobilities reported for the t%o main components of 111~ (I.28 f;~mil~.” ‘T!,picali). 
trypsin inhibitors were all cathodic at pIH 8.5. ‘Two inhibitor fraction> NW Ibund 111 peak 
I11 (Fig. 2g) and only one in the peak IV (Fig. 21). Since the slower trqxin inhibitor from 
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peak III had an electrophoretic mobility identical to that of the inhibitor from peak IV, 
the presence of this inhibitor in peak III might be a contamination by peak IV. A signifi- 
cant trypsin inhibitory activity found at the very top of the gel both for peak III and IV 
suggested, however, that other trypsin inhibitors with very low mobility (not shown in Fig. 
2) could be present. 

FIG. 2. COMPARISON OF PROTEIN. AMYLASE INHIBITOR. AND TR~PSIN INHIIHTOR ELECTROPHORETIC PATTERNS OF 

PEAKS 11, 111 AND Iv. 

(Disc-electrophoresis on polyacrylamide gel was carried out in a 0.05 M Tris-0.38 M glycine buffer. pH 8.5. Pro- 
tein patterns were obtained by staining the gel with Aniline blue black in the conventional way. Amylase and 
trypsin inhibitor patterns were obtained by slicing the gel and eluting proteins with buffer. The eluate 10-20 

~1 was used for amylase inhibition test and 800 ~1 for trypsin inhibition test). 

Four inhibitor fractions (p1 7.0, 6.3, 5.8 and 5.0) active toward both HS amylase and 
‘Tmi. amyiase and two main tliactlbns (pf CL^ and zGZj oniy active toward TrnL amyiase 
were found by submitting to polyacrylamide gel electrofocusing (pH range 3-10) peaks III 

and IV resp&x\y 

Molecular weight and dissociation hp guanidine hydrochloride 

Apparent MWs of peaks II, III and IV, determined by gel filtration according to 
Andrews,‘3 were 60000,240OO and 12500 daltons respectively. The sedimentation patterns 
of the three peaks showed the presence of a single homogeneous peak with an apparently 
homogeneous boundary. Sedimentation coefficients (Sz.zO) were 4.05 (peak II), 2.60 
(peak III) and 1.62 (peak IV). The MWs of the purified inhibitors AmI,. I and 0.19 were 
all close to the MW found for peak III, whereas those of the AmI, and of 0.28 family inhi- 
bitors were comparable to the molecular weight of peak IV. Finally, the MWs of the two 
trypsin inhibitors isolated from wheat by Hochstrasser and Werle.” as calculated by gel 
filtration. resulted 17000 (Peak I) and 12000 (Peak II) and, therefore. not very different 
from our peaks III and IV. 

In the presence of 6 M guanidine hydrochloride, peak III split into two peaks (III, and 
III,,) different in their MWs. MW of peak III, (representative of about 95% of peak III) 
was 10000 daltons. This value is very close to that determined for peak IV under identical 
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experimental conditions as well as in the absence of the dissociating agent. Peak III, exhi- 
bited a MW identical to that of the undissociated peak III. These results arc consistent 
with those previously obtained” with the purified 0.19 u host: MW in the presence of 6 M 
guanidine hydrochloride. as determined by the sedimentation equilibrium method, was 

11500 daltons and equal to about I 2 of the MW dctermincd in the ~hsence of the disso- 
ciating agent. The purified 0.19 submitted to gel elcctrophoresis ill ;I bufTcr containing 
sodium dodecyl sulphate showed two bands of similar intcnxitics and MU’s (on11 1000 dal- 
ton difference) in contrast to the single hand seen in non dissociating sol~nts.“ Intcrcsting 
enough, two subunits \vcr’c also found 1~) Hochstrass~r and \c’crlc ‘^ ill the trypsin inhibitor 

denominated peak I. 

WC showed the li111 reversibility of guanidine hydrochloride dissociation effect on peak 
III by pooling fractions corresponding to peak III,, and filtering them through a Sephadex 
G50 column to rcmovc the dissociating agent. After this treatment. peak III,, showed a 
MW of 22000 daltons and -/-am! last and trypsin inhibitor) activities identical to those 
of the untreated peak III. Also protein and amylase inhibitor clcctrophoretic patterns of 
peak III,. after removal of guunidinc l~~clrc~chlo~-idc. al~pe~~~-cd idcnlical to those‘ :~lrcady 
dcscribcd for pc;~k II I in Fig. 1 c anti d). 

Amino acid compositions ofpcaks II. III and IV and those of the purified am~lase inhi- 
bitors reported in Table I arc compared in Table 2. The similarity of the compositions 
of 0.19, AmI,. Inhibitor I and peak III 21s well as that of the compositions of Am1 ,. 0.18 
and peak IV is aidcnt when they arc compared on ;I common basis (~rmol of each amino 
acid~total jtrnol obtained in each analysis). Amino acid cc~mpositions of’ peaks II. III and 
IV. although clearly not identical, were not grcatlj different. The? can all lx considered 
typical of wheat all-r~iniins.-” 

The data reported strongly indicate that a rele\,ant part of r-am~lnse as well as trypsin 
inhibitors have a typical albumin nature. Howcvt~, an X-amylase inhibitor pool with an 
extraction behaviour sugcstivo of ;I glindin nature. and possibl> rolatcd to Strumcycr’s 
r-amylase gliadin inhibitors.’ ’ might be present in what seed. Trypsin all~uniitl inhibitors 
difTcr from amylase albumin inhibitors in their more basic character. From :I quantitative 
standpoint. wheat albumins that inhibit trypsin are negligihlc. \shcr~as an albumin com- 
prising two thirds of the total inhibits TmL amylnsc and one third is also active toward 
human saliva and pancreatic r-amylascs. In spite of the limits ol‘ the method used. \vc have 
been able to difkrcntinte SCVCII major albumin components that inhibit r-am! luse. whereas 
only three trypsin albumin inhibitors were found. There is little doubt Ihat furthu studies 
focused on amylase or trjpsin inhibitors prcscnt in sm:~llcr amountx in u heat seed might 
show a much higher hcterogent2it~ of these tu’o inhibitor pool5. 

By means ofgel filtration on Scphadex G 100. LVC sclxlratzd Tml. amyl;~sc albumin inhi- 
bitors into three hetcrogcnwua groups whose MWs ~\we 60000. 33000 and I? 500 daltons. 
Specific inhihitorq activities of thcsc three ~ voups twzard I‘mL anl~la~~. calculated from 
values rcportcd in Tahlc 1 and c~p~ssccl 21s i.u. nmol instead ol‘ i.u !~g. \\cI-c 12. JX and 
‘i f I II I I I. I’ I i’Jb:l I//!! I,< i’i!!,‘! ItI:.li. 16. I :i 
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64 respectively. These values are much closer than those reported in Table 1 and suggest 
that, as far as amylase inhibitors are concerned, the gel filtration of Fig. 1 should rather 
be considered a partition according to the MW of a mixture of inhibitors with comparable 
activities than a real purification step. 

TABLET. SUMMARYOFAMINO ACXJ COMPOSITIONS* OF PEAKS II, III ANV IV ANV OF THL AMYLASE INHIBITORS PURI- 
FI1.I) FROM WHEAT Xl I> BY I>IFFERI NT AliTHOKS 

Amino 
acid Peak 11 

Amino acid composition (Atmol “‘,) 
Aml, inhibitor 0.28 Inhibitor 

Peak IV (Shainkin and Birk. 1970) (Silano c’t ~rl.. 1973) 

LYS 3.6 
His 2.9 

Arg 4.1 

Asp 8.4 
Thrt 4.4 
Sert 6.1 
Glu 12.8 
Pro I.4 

Gly 9.3 
Ala I.6 
f cys 4.3 
Valt: 7.0 
Met 2.2 
Ileuf: 3.8 
Leu 8.0 

Tyr 3.4 
Phe 3.6 

Peak III 

4.6 5.2 5.0 
trace trace trace 

6.0 6.5 64 
8.1 7.8 7.5 
3.1 I .9 2.7 
7.1 7.2 I.3 

12.3 8.5 Il.4 
8.6 9.0 7.6 
9.9 9.1 7.8 
7.6 9.1 7.8 
6.5 5.7 8.2 

10.9 12.2 IO.8 
2.0 2.7 2.6 
21 2.2 I.6 
6.6 8.0 8.2 
3.1 3.6 3.3 

trace trace trace 

0.19 Inhibitor 
(Sodini et (11.. 1970) 

AmI, Inhibitor 
(Shainkin and Birk. 1970) 

Inhibitor I 
(Saunders and Lang, 1973) 

LYS 3.2 2.6 2.5 28 
His 2.0 I.6 I.4 I.4 
Arg 5.3 5.6 6.6 5.4 
Asp 6.1 5.9 6.1 6.4 
Thrt 4.3 2.9 2.7 28 
Sert 5.5 6.3 54 6.1 
Gill 12.5 12.8 10.7 1 I.6 
Pro 8.4 7.3 8.2 7.1 
GlY 8.5 8.4 8.4 IO.4 
Ala 12.2 13.3 13.4 14.9 

$2 5.1 7.2 6.1 7.4 69 7.2 3.3 8.4 
Met 2.2 2.0 2.3 1.7 
Ileu$ 3.0 2.4 2.3 2.5 
Leu 7.4 8.3 8.2 8.4 
Tyr 3.5 3.3 4.2 3.6 
Phe 1.1 16 1.x I .6 

* Values were all recalculated as percentages. 
t Extrapolated to zero time, assuming first-order kinetics of destruction. 
1 Average values from 48 and 72 hr hydrolysates only. 

As far as we know this is the first report on 60000 dalton albumin inhibitors from wheat, 
whereas the 11000 dalton inhibitors are, beyond any doubt, coincident with the com- 
ponents of the 0.28 albumin family’ and, therefore, also related to the AmI, inhibitor of 
Shainkin and Birk.8 We have also confirmed the data of Saunders and Lang” on the pres- 
ence in wheat seed of several 24000 dalton inhibitors. Since the amino acid composition 



and specific inhibitory activities toward amj,lase of the 24000 dalton inhibitor pool were 
found almost identical to those reported for the 0.19 component. it appears that all the 
other inhibitor components quantitatively rcprescntativc of this pool must be very similar 
to the 0.19 inhibitor. The amylasc inhibitor5 of MW 34000 daltons dissociated in the pres- 
CIICC of 6 M gunnidine hqcirochloridc. This bcha~ iour IL;IS identical to that of purifcd 0, 19, 
which is an :lssociating s>stom oftwo similar subunits.” Removal ofguanidinc hhdrochlor- 
idc caused :~rn~lasc inhibitors to ;cssociate :q:~in in such \\‘a~ 11ut NC ~~,\L’K ~~nahle to dilfcr- 
cntiatc clectrophorctic inhibition patterns of treated and untrcatcd inhibitors. At this 
moment we have no explanation for such a high11 specific reassociation. 

Our results provide considerable evidence for the close relationship of the x-amylasc in- 
hibitor components of MN 74000 daltons and justify rcfcrring to these components 21s 

a family of proteins. From the clcctrophorctic mobilit> of the I~J;~~II component. wc Ls,ill 
refer to this albumin group ;IX the 0 19 farnil!. I-‘ram the compnrison of the properties and 
compositions reported for the AIJ~I~ inhibitor of Shainkin ami Bit-k’ and for the inhibitor 

1 of SaLllldUI.S a11ci I,ang. “I it appca~-s that thcsc t\vo inhibitors ;IIY most like]! to bc COIJ- 

sidercd components of this ;Ilbumin family. The components of the 0. 19 family represent 
about I2 of the total albumin pool. that is about @I”,, of sexi lteight. The! not onlk in- 

hibit insect x-amylases. but also x-am~,lnses from mammals and birds and arc, thtxcfore. 
fess specific and of more rclleunt nutritional interest as comparai to the other inhibitors 
only acti\,e touard insect :imb I;ISCI. 

In \ic, of the considcrahle similarit> bet\\vcn components of the 0. I9 and 02s families 

in their activities on inscci am\lases. \\c speculate that subunits of the 0.19 farnil> com- 
ponents 1x84’ bc I-ehted to the altxlmin components of the 0.28 farnil)-. In support of this 
proposal. it may bc noted that MWs of the subunits of the 0.19 family components fall 
within the range of MWs obtained for the 0.3 fatnilq and that the amino acid composi- 
tions of the ~LI.O albumin families appeal- quite similar. Moreover. Shainkin :tnd Birk” b! 
means of C‘NHr degradation of the hml, inhibitor obtained ;I protein fi-agmcnt u box in- 
hibition pattern \\a5 identical I0 that of the /\ml, inhibitor. If lingcrjirinting and scq~wic- 

ing studies on the xlhunits 01‘ the 0.19 firmil\ componc‘nts ;~nd on the cvtiqx~ncnts of the 
0.X fiimilq conlirm this lij~x~tllcsis, 2 monoph>lctic c>rigm ~>f such in colisistCnt part of 
lvheat albumins tnighl bc‘ infcrrai. 
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Polyucrylamide yeI electrophorusis and rlrctrc$xusiq. Anodic and cathodic disc electrophoretic runs were cdr- 
ried out in a 0.05 M Tris-0.38 M glycine buffer (pH 8.5) as previously described.‘? IO@300 pg of proteins were 
used for anodic and 1500 pg for cathodic runs. Bromophenol blue mobility in the system was assumed to be 
I. Electrofocusing fractionations were performed according to Cantagalli et ~ll.‘~ on 100 /~g protein samples. 
Amylase and trypsin inhibitor patterns were determined by slicing the gel at the end ofelectrophorcsis and focus- 
ing. Each slice 0.3~cm thick was eluted for IX hr at 4 in I ml of b&cl-. 10 200 iti of the cluatc was used for 
amylase inhibition assay and 800 /II for trypsin inhibition test as described hclow. 

MW. The MW of amylase and trypsin inhibitors were determined by gel filtration on Sephadex G 100 accord- 
ing to the method of Andrews.‘3 A 0.8 x I IO cm column was used with a flow rate of 6 mlihr. The gel column 
was calibrated with the following proteins: ribonuclease (MW 13700) and chymotrypsinogen (MW 25700) from 
%gmR C&r&? Companq~<St. Louis L’.S.A.), &o&e sercrtn albumjff (&!I+’ 69&I!%{ fffffr~ Afmoccr P~~~-fzz~~ut&~ 
Company (Chicago. U.S.A.). Blue Dextran was from Pharmacia (Uppsala, Sweden). Gel filtrations on Sephadcx 
Cl00 in the presence of 6 M guanidine hydrochloride were performed on a 1.5 x 71 cm column at a flow rate 
of I@4 ml/hr. Standard proteins used to calibrate the column were chymotrypsinogen (MW 25 700) ribonuclease 
(MW 13700) and insulin (MW 5800) from Sigma Chemical Company (St. Louis, U.S.4.). Sedimentation studies 
were made in a Spinco model E Ultracentrifuge. with schlieren optics. under the following conditions: rotor speed 
60000 rpm, temp. 4-6, protein concentrations were between 0.5. l.O”.. Sedimentation velocity was measured in 
the conventional way.27~zs. 

Amino acid analysis. The determination of the amino acid composition of the albumins studied was carried 
out according to the chromatographic technique of Spackman et ul.“’ Duplicate samples (2 ml HClimg of pro- 
tein) were hydrolysed at I IO” under NL for 24,48 and 72 hr. The analyses were performed automatically by means 
of a Technicon AA Analyser (Technicon Instrument Corporation, Ardsley. N.Y.. U.S.A.) using a 140 x 06 cm 
column, filled with Cromo-beds resins (type A), according to the Technicon standard method. 

Aatr/a.sc trrttl frrpsi~t irlhihitiorl. The inhibitory effect of our proteins was determined on r-amylase from several 
sources. K?,rchrio moliror. L. larval midgut z-amylase was prqmred accordnq to Applehaum cr trl..‘” w hcrcas all 
other insect amylase preparations were crude extracts obtained homogenizing the whole insect in a barbiturate 
buffer (IO mM sodium barbiturate, IO mM sodium acetate, 150 mM NaCl. 0.3 mM CaCl?. adjusted to pH 5.4 
with I N HCI). Chick and hog pancreatic a-amylases were extracted by homogenizing pancreas in the barbiturate 
buffer adjusted to pH 7.6. Human pancreatic amylase was whole pancreatic juice supplied by S. Auricchio, II 
Clinica Pediatrica (University of Naples), diluted IO x with the pH 7.6 barbiturate buffer. and human saliva r- 
amylase was freeze-dried crude saliva Amylase inhibition tests based upon starch hydrolysis were performed 
according to the procedure described by Silano ct ul.’ The barbiturate buffer was used for inhibition assay of 
all the amylascs tcstcd. The buffer pH. howcvjcr. was dilfercnt accordin, ~1 to the origtn of the amylasc. It was 
5.4 for insect amylases, 7.0 for human saliva amylase and 76 for chick. hog and human pancreatic amylases. 
All incubations lasted 5 min. The inhibition unit (I.U.) represents the protein amount that gives 30”;, inhibition 
of the amylase amount that produces I mg of maltose in 5 min under our experimental conditions. 

Trypsin inhibition tests were based upon the hydrolysis of hen/-oil-m -3rFininc-/,-llitro~Illilide (I)L-BAPA) and 
carried out accot-ding to Erlangcr c’/ trl?’ About 6 /rg o f tt-yj)>sin (Merck Darmstndt. Germany,) dissolved in 0.1 
ml HLO were added to 0.9 ml of Tt-1s HCI butfcr (50 mM Tris. 10 mM CaC’I?. pH X-2) contatmng the inhtbitor. 
The mixture was held at room temp. for 30 min and then 25 ~1 of UL-BAPA solution (43.5 mgiml dimethylsulfox- 
ide) was added. After additional 15 min at 25’, addition of 0.3 ml of 30,,, “j HOAc terminated the reaction and 
the quantity of p-nitroaniline was estimated spectrophotometrically at 410 nm. Controls without inhibitors were 
also included. The trypsin inhibition unit (I.U.) represents the amount of protein that gives 30”<> inhibition of 
0, 2 peg of trypsin. 

Protein measuremet~ts. Just before each experiment. fresh solns were prepared from weighed portions of the 
lyophilized fractions, After centrifugation, the protein concentration of the clear supernatant was determined 
spectrophotometrically according to WaddelL3’ 
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