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Ahrac+Thc water-solubk proteins extracted from the soft tissue of ripe dales (cu1tivars Rcziz, Manban, Mowabed, 
Kholass, Hatmy, Shishy, Shahl and Gir) colkctcd in Saudi Arabia and one cultivar (Muskade) from Iraq were freed 
from some of tbcir acidic polysaccharidca by treatment with 33 % propan-2-ol. The best protein separations and the 
most characteristic patterns with which lo identify the cultivars were obtainad after PoroPAGE or PAGIF, with both 
tube and thin-layer rochniques. The native proteins showed characteristic hf,s in the range of 20,22,24 and 27 k and 
differentiation by isoekctric points either in the range pH 6-5 or pH 8-9. The main subunits (M, 25 and 85 k) were used 
for final d~~rni~tion in SDS-PoroPAGE or in SDS-PAGE. 

ISTRODIJCIION 

Information on the chemical composition of dates 
(Phoenix dacryli/rro L), cspcciaUy about their proteins, is 
limited. Ejtali l r al. [I] studied four cultivars grown in 
Iran and found &at the cv. Sayer had the higbeat protein 
content. Auda CI d. [2] reported that the protein content 
of ripe dates of three cultivars (Khastawi, Khadhrawi and 
Zahdi) from Iraq was 2.3, 2.0 and 1.9%. rapactively, on 
the basis of Kj&aN nitrogen determinations. The somt 
method was applied by Kamcl and Kramer 131, who 
obtained values of 3% protein for dried dates, and 
5.2-10.6 % crude protein for date pits [4]. Hasegawa and 
Makr [S] purified polyphenol ox&se from an extract of 
Degkt Noor dates by ammonium sulphatc precipitation 
followed by column chromatography on DMEatUulose. 

We have attempted to separate date proteins [6). A!Ier 
establishing the best method for the extraction of date 
proteins, we went on lo srudy the suitability for adtivar 
differentiation of the patternsgiven by various methods of 
ekctrophoresis. The study was performed with eight 
cultivars from difTerent plantations in Saudi Arabia and 
one from Iraq. 

REsLX.TS AND DtRCWSJON 

The protein content of date extracts was determined 
after Kjeldahl dig&on using albumin as a reference 
protein. The calculated amount of proteins in the cultivars 
ranged from 0.45 to 0.88 g prot~n/l~ g fresh pulp, with 
Hatmy having the highest protein content and Musk& 
rbe lowest (Tabk I). 

Dates of the cv. Muskade were used to bnd the beat 
method for extraction and separation of proteins. The 
original extract when separated by PAGE, SDS-PAGE 
and by PoroPAGE showed poor separation of proteins 
due 10 unknown, viscous compounds which were co- 
extracted and which interfmd with the separation. It 

seemed most likely that acidic polysaaharida formed the 
bulk of the viscous material since its components moved 
slowly 10 tht anode during PAGIF and did not stain like 
proteins. These compounds interfered kss in PAGIF 
when the sampks were applied near the anode and the 
separation was improved when the viscous components 
were at least partially removed by precipitation with 
propan-2-ol. 

A good comparison of cultivars was possibk when the 
water extract from the pulp either with or without urea 
was treated with propan-2-01 (added slowly and with 
vigorous shaking) to a final concenlration of 33 “/, Most 
of the viscous material was precipitated and most of the 
proteins remai& in solution. The precipitate contained 

Tabk 1. Protein content of date cultivan md tbc 
subunit distribution (apparent M, of the protomers) 

after SDSPAGE 

M.xlir 
- _.- - . . . 

Cohivu N x 6.25* 2.5 8.5 

RQtZ 0.73 +++ +++ 
Muzbul 0.76 +++ +++ 
MOW&d 0.73 -- +++ 
Kholus 0.75 +++ +++ 
b-Y 0.88 +++ 
WY 0.64 : +++ 

0.w) +++ + 
Gir 0.81 +++ 
H&8&? 0.45 -T + 

*Calculated aa 0 protein/l00 8 fresh p&p. 
+++.rtroa#buu$ +.wakhod. 
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betwan 5 and 9 mg N per 100 ml extract. The prccipi- 
tation of proteins with different concentrations of am- 
monium sulphatc did not work as well. All steps were 
checked by PAGIF. 

Comparison oj protein patterns ajrer PAGIF 

PAGIF with Scrvalyt T at pH 4 9 gave reasonable 
patterns, but addition of 6 M urea and even more so 8 M 
urea greatly improved the separation, especially for 
fractions having pls between pH 5.3 and 6.6. Random 
sampks of individual ripe dates from different plantations 
of the cv. Muskadc yielded the Same patterns in PAGIF, 
showing that their genetic background must be the same 
(Fig. 1). After this test within one cultivar, nine different 
cultivars were compared by PAGIF either in tubes or in 
thin layers, with or without urea, using commercial 
reference proteins or the proteins from a mature potato 
cv. Maritta as marker for the ~1s. 

The results obtained by the thin-layer technique (TL- 
PAGIF) showed that the more acidic proteins were quite 
similar for all cultivars whik some in the basic region were 
different. The cvs. Rcz& Mowahcd. Hatmy, Shishy and 
Gir could not be differentiated by their pls using this 
technique, and the cv. Kholass rcscmbkd them. The cv. 
Muskade harvested in Iraq seemed to be similar, but not 
identical, to this group. Manban gave a similar pattern to 
Shahl, both of which were dilTerent from the others. The 
drlfercnccs were seen particularly in the basic region 
around pH 7.4, 7.9. 8.35. 8.50 and 8.70 (Fig. 2A). 

The results were different in some cases when using the 
same conditions and samples but performing PAGIF in 
tubes (Fig. 2B). The cvs. Rcziz and Mowahcd gave similar 
protein patterns which differed from those ofcvs. Hatmy, 
Shishy and Gir. The differences betwan these cultivars 
were observed particularly m the acidic region. A band 
with ~14.6 not seen in TL-PAGII-’ was found in cvs. Rcziz 
Mowahcd and Shah1 but not in the other cultivars. 
.Muskadc seemed to be similar to Rcziz, Yowahcd. 

Fig. I. Reproducibility of proton patterns ~WCII by untreated 
extracts of different dates from the same cultivar (Muskrde). 
PAGIF: thin-layer (0.18 nun), Scrvalyt T at pH 4-9 for 

2510 V hr. M. sap from potato tuber cv. Maritta. 

Hatmy. Shishy and Gir. which differed in two protein 
bands of ~14.6 and 4.9 in the acidic region. The cvs. 
Matzban and Shah1 are similar but not identical as in TL- 
PAGIF. since Shah1 had two prominent acidic proteins 
with ~14.6 and 4.9 and Manban one at pH 4.9 (Fig. 2B). 

Combining the results of PAGIF in thin layers and in 
tubes, we coukl identify each cultivar since each had some 
unique characteristic(s) in its PAGIF pattern (Table 2). It 

Fig. 2. Protein paitems given by extracts (20 ~1 each, pr@ as IO Fig. I) from niac culdvars of data: I. Rcnz; 2, 
Yarzban: 3. Mowrhed; 4. Kholrrs; 5. Hatmy; 6. Shlshy: 7. Shahl; 8, Gir, 9. Muskadc; M. np of cv. Marma. PAGIF: 

Ihm-layer (A) as rn f:Ig I. but In 6 M urea; ~hc same condItiona but done m lubes (B). 5C@ V hr was used. 
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Tabk 2 Cluncterirarion of cultivars by the pls of proteins. PAGIF tn tubes and in thin Lpycrs 

Pl Rti Mar&an Mow&d KhoBss Hatmy Shisby shah1 (3ir Muakade 

(A) PAGIF in tubes with 6 M ura 
42 -_ + + + -_ - - 

4.6 +++ - +++ - __ .- +++ -’ - 

4.9 +++ +++ - +++ + +++ 

(B) PAGIF m thin kycrs and tubes with 6 M urea 
7.4 + +++ ++ - +++ + 
1.9 + +++ +++ - + 
8.35 + +++ + - +++ + 
8.5 + ++ .- ++ - + 
8.7 + - - - + - .- 
- .- 

should bc cmphasixcd that pls in aqueous solutions do 
not correspond with pIs in urea solutions. 

Protein patterns alter PoroPAGE 

The M,s of the native proteins in the original extract 
(viscous material not removed) were estimated by porosity 
gradients in 5-25 y,, PAA both with and without 1 M urea, 
using oligomers of serum albumm as marker proteins. 
The separation in I M urea or in the absence of urea was 
better than that tn 6 M urea. The cultivars showed 
ditTcrcnt M, distributions. The cvs. Rczir_ Marzban, 
Mowahed. Kholass and Shah1 gave a strong band of M, 
268 k. This band was not given by cvs. Hatmy, Shishy and 
Muskadc, although cv. Gir contained it in low conccntra- 
tion. The patterns differed also for proteins in the lower 
M, range. The cvs. Manban and Shah) had protcms of 20. 
22,24 and 27 k. In cv. Kholass the latter two bands were 
missing and the other cultivars did not have proteins in 
this range. Cultivars Rcziz, Marzban, Mowabed, Kholass. 
Hatmy and Gir had a protein of 134 k in contrast to cvs. 
Muskadc. Shishy and Shahl. Cultivars Rniz, Marzban. 
Mowahai. Kholass and Muskade had stronger bands of 
50 and 52 k compared to the other cultivars. 

After removing the viscouscompounds by precipitation 
with 33% propan-2-of, the same ekctrophorctic tech- 
nique was applied. Without urea, the protein bands of 
268 k and of 20, 22, 24 and 27 k were missing after 
removing the propanol precipitate. On the other hand, all 
the cultivars showed a strong band of I34 k, except cv. 
Shah1 (weak band) and Muskade (no band). Cultivars 
Rniz, Marzban, Mowahcd and Khokxss each showed a 
band around 80 k barely visibk in the others (Fig. 3). With 
I M urea. a strong band appeared of hi, very close to 
134 k in cvs. Hatmy and Gir only. 

Subunrts oj proteins 

Protomcrs (SDS-loaded subunits) ofdate proteins were 
Kparatcd in SDSPoroPAGE (IS .30 % PAA) or in SDS- 
PAGE (I5 y0 PAA with 10% sucrose or glyczrol) The 
separation was better in IS y0 PAA compared with tbc use 
of only 7.5 y0 PAA. The main subunit of 85 k was found in 
all cultivars as a strong band except in cvs. Shah1 and 
Muskade, and as a weak band after SDS-PoroPAGE 
(Fig. 4); the other (25 k) was found only in cvs. Rtis 
Mar&an. Kholass and Shah1 as a strong band and as a 
weak band in cvs. Hatmy and Gir. It was not seen in cvs. 

Mowahcd. Shishy and Muskada. The ratio of these two 
main subunits allowed for a further differentiation (see 
Table I). 

CONCLUSION 

Different samples from one cultivar taken from dif- 
ferent plantations showed the same protein pattern. 
Hcna it must be concluded that such a pattern is a 
characteristic feature of the respective cultivar. Ripe dates 
have to be used since during maturation tissue proteins 
tend to change, as discussed in refs. [7] and [8]. But it 
should be emphasized that this change is not as obvious 
when real protein patterns are investigated compared to 
‘proteins’ based on N determinations which include 
changes in the degree of amidation. 

Fig 3. M, datribu~ioo of nine cultinn of bta (oequcmc as in 
Fb 2) lfta mpitrtioo with 33% props-2-01. PoroPAGE 
with 52s l /. PM in Tris-borrre butTee, pH 8.9. without urea for 
16 hr l ~ 3@I V. $ bovine serum albumin as M, marker (muhipka 

of 67 k). 
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Fig. 4. Prorein subunits of date cultivars. %qucna as in Fig 2; prepararion as in Fig. 3. The SDS-PoroPAGE was 
done in 15 30% PAA and Tritbonlc buffer. pH 8.9, with 0.1% SDS for 17 br al 300 V. M. SDS protein markm 
(Iysozyme. 14.3; chymotrypsin A, 25.7; alcohol dehydrogenme, 37.0; bovine serum albumin. 67.0 sod 

phosphorylu: b. 97.4 k) from bottom to top. 

Different cultivars from the Haza region (Saudi Arabia) 
yielded protein patterns characteristic of the reapactive 
cultivar. regardkss of the plot in which they were grown. 
However, further effects due to open pollination were not 
investigated. This kads to the conclusion that the peri- 
carpic tissue of a ripe date is a fairly safe material for 
differentiation of cuitivars. 

The quality of the ekctrophoretic separation of pro- 
teins to identify cultivars depends, particularly for PAGE 
and SDS-PAGE, on removing the material which is 
precipitated by propan- treatment. The protein pat- 
terns of aqueous date extracts were suitabk for differen- 
tiation by PoroPAGE (5-257, PAA) or by PAGlF 
(pH 4-9), the latter in 6 or 8 M urea. SDS-PAGE and 
SDS-PoroPAGE allowed for some further differtntiation 
due to the different ratios of the two main subunits (25 
and 85 k). 

It is noteworthy that the results of PAGIF differed 
depending on whether the separation was done in t&s or 
in thin layers (TL). Both were reliabk and reprodtibk, 
but thcTL technique yielded kssdifferentiation in spiteof 
more (~~43) bands which were mostly identical among 
the cultivars in the acidic region. The diffaznces sun here 
were particularly in the basic region between pH 7.4 and 
11.7. The patterns in tubes (only CO 20 bands) differed 
mainly in the acidic range, indicating that a combination 
of both PAGIF types should be applied. 

EXPEIlMEh-rAI. 

Mat&&. Tbecv. .Muskadt from imq was pufchascd from the 
mark* and cighc cm. Rcziz, Mar&an, Mow&u& Kbolws, 

Halmy, Shishy, Shah1 and Gir. were colkFted in Saudi Anblr 

(Hrra Wonl 
Sample preppofh. &res were paled and Ihe skin and seeds 

dtamrded. From Ibe mnuning pulp, 4 g was taken and ground 
with 5 ml Hz0 m a porcelain mortar and then centrifuged 81 

X)000~rt3”for#miaThcclenrruprarualmrpuri&cdin 
different ways in order (0 ren~ve non-protein o~mpouodt: 
(I) Seven-fold concn and dialysis against Hz0 ovemight in a 
collodion bag (SM 132CQ using &glass rppntw (SM 1630% 
!kflOliUS Membranillta. G&tinge@ at 500rNlIHg. 
(2) Precipitation by propen-2431 to rano~ oonqrotein mrt&I. 
Tht~arlconasofROH~fromW)lo7S”i,‘Ibcnxidws 
uKithesu~lurrwmcoDototntaJotinm*hod(I)udthnr 
analysed. Simihr treatments were done with 23 % prqan-2sl in 
3.46 M unq 33% propan.2-01 in 3.00 N urn and 417; propan- 
2-01 in 2.65 M w (3) (NH&SO. was r&d lo the supanrunc 
up to 43, 60 and 750/, saturation, ttspactively. The pp(. was 
ceattifugal down at 20000~ at 3” for 40 min uxi dinlysed first 
agatnrt 1% and then againat 0. I Ye gIyciw each time for 30 min. 
Tbe~ncnwzsdoneasinmetbod(l), 

l’be totaI protein content of the samples VU estimated by 
comparing bands in different ekctroptmretic systems [93 with 
bands of reference protclns of known concn. 

Dererminution oj prorcias. Total N was drtcrmioaf &cl 
Kjeldahl digestion roDrdiag lo tire method of ref. [SO]. 

Elarrophoresis. Vertical electrophofuis in 3 mm sLbs was 
performed in either a PANTA-PHOR or a MONO-PHOR 
apparatus. The POOMA-PHOR was used prnicularly for rhbs 
of t or 2 mm thickness (equipment from Labor-Niilkr, Harm. 
.Miinden). Tris borate buffer (0. I25 M). pH 8.9. in 6 5; PM was 
applied in standard PAGE. SDS-PAGE was done in 7.5 Ye PM 
wrth 10% glycerol in Tris borate buffer, pH 8.9,oontaining0.1~, 
SDSuin~f.[ll]~din15P:PMvith10~~~olorw~th 
10% sucrose. SDS-PoroPAGE was performed in 1%30% PAA 
in T-borate buffer, pH 8.9. with 0.1 0L SDS -ding lo 
ref. 191. 

PoroPAGE was done with 5-25 % PAA in Tris-borate buffer, 
pH 8.9. with 1-7 % sucrose m 6 M urea and in the absence of ura, 
or in a steeper suEIoIc gr8dienS l-30% msentirlly aocordiag 10 

ref. [ 123. Oligomers of serum albumin were used u M, tieis. 
PAGIF was done in the MONO-PHOR apparatus in thin 

layers (0. I8 mm) of 5 % PAA with 3 % Servalyt T at pH 4-9 in 
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6MorSMu~oriarhrrbrarrolura~g[orei~[13], 
[ 143 and [9] for rbouc 3300 V hr. PAGIF in tubes was performad 
in 6% PM and I y0 Sewalyt T. pH 4-9, witb 6 M II- for &Out 

500 V hr. 
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