CHAPTER III

RESULTS

3.1 Part I: Examination of royal jelly composition

3.1.1 Identification of the honeybee hive populations

The Northern, South i Island honeybees hives were
H:"x?‘

selected from Samut S@ Baggkoﬂﬁphon province and Samui
H

Island, respectively. 4 1 \nw\@e\:‘rom various hives was
~digested 3 mitochondrial DNA regions

. was extracted from thorax

F

using proteinase K/ pheng loro! f {1 nethod and high molecular

weight DNA (larger than 23.1°K 'he cor ation of extracted DNA was

—

€]
LY

about 1.0 to 1.5 pg per indi:eiﬁ;fg']f‘a@f
(A

ethidium bromide-

Lo
4

ated by comparing its intensity of

: amount of A/HindIIl

-

| T
marker in 0.7% agaroje gel electrophoresis (Figure Ql). About 50 ng of each

total DNA saﬂw @Ww%’ w moﬂ? stRNA gene and

intergenic COI%OII region PCReamplification reactions. After electrophored
in 1.2@“ :ér’o]e@eﬁ ch)mey Iﬂﬂadmﬂm alaining, PCR

product sizes were determined under UV light using A/HindIIl and 100 bp

DNA ladder as standard molecular size. The amplified products of I'RNA
gene, stRNA gene and intergenic COI-COII region obtained were 755 (Figure
3.2), 410 (Figure 3.3) and 1710 (Figure 3.4) bp, respectively. The PCR

products were restricted with Dral restriction endonuclease (Figure 3.3 to 3.5).
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The results showed that honeybee from Samut Songkram, Bangkok,
Chumphon provinces and Samui island were northern and southern population
bee since they had the composite haplotype of AAA, AAA, BBA and BCC,

respectively (see Appendix A).

/

W,k

Figure 3.1 High molecular’weight DNA extfacted from thorax' of 4. cerana
individuals
Lane M = A/HindIII

Lane 1-4 = Total DNA from 4 individuals



57

M123456m
kb

Figure 3.2 The amplified products of intergenic-COI-COII region, IrRNA gene
and stRNAof A. ¢érdnd-individuals
LaneMandm = A Hind Il and 100 bp DNA ladder, respectively
Lane 1-2 = amplified products of inter COI-COII region
Lane 3-4 = amplified products of IrRNA gene

Lane 5-6 = amplified products of stRNA gene
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Figure 3.3 [The lamplified’ product "of stRNA gene “digested with Dral

restriction endonuclease of 4. cerdna individuals

Lane M and m 100" "bp " DNA' ‘fadder—and“ pGEM  marker,
respectively

Lane 1-3 = amplified products of srRNA gene of northern,

southern and Samui island, respectively
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Figure 3.4 The ari'llpliﬁed product of IrRNA ‘gene digested with Dral
restriction endonuclease of A, cerana individuals
LaneMandm = 100 ®p DNA .adder and opGEM marker,
respectively
Lane 1-3 = amplified products of srRNA gene of northern,

southern and Samui island, respectively
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b
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Figure 3.5 The amplified product of intergenic COI-COII region digested with

Dral restriction endon’illclease of A. cerana individuals
Lane Meand mif =" 1100 ©bp//| DNA\! fadder”jand pGEM  marker,
respectively
Lane 1-3 = | amplifiéd products“of intergeni¢ 'COI-COII region
of northern, southern and Samui island,

respectively
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3.1.2 Production of fresh royal jelly sample
Three commercial A. mellifera royal jelly were purchased or
obtained from beekeepers and health-food stores in Thailand. Each commercial
sample originated from Thailand and stored at -20 °C.

Harvested samples, 4. cerana royal jelly were produced in Samut

Songkram (hive number 1 and Z{W Wkok (hive number 3), Chumphon

(hive number 4 to 8) provinm@.d §am @in Thailand in May, 2001 and
May, 2002 using modi od of Doolittle-queen rearing (Doolittle, 1915).

The result of royal jell m Af“"cer a in Samut Songkram,

b

wn in Table 3.1. Unfortunately,

e

Thailand, the 4. cerana ad’-@'cb@ally fed in managed hive while
g TNl

Samui Island honexfb,‘pe had bé;I; fed in native hive

frame in managed hive

; Y
was separated from cach other. Therefor could be observed and

managed easily. Unlike gose for the n&t’i've hive, the top of each honeybee

frame was sti@]ﬂal &l gﬂﬂ Et]tmhﬁewd&]la’;}xﬂlcgach frame could not
be mangfﬁ sza Qcﬁmoilj Weﬁ %’% }ﬁoﬁ[ t and Central

of Thailand) and southern (South of Thailand) except Samui island honeybee

hives were used for royal jelly production.
As the results shown in Table 3.1, under queenless condition,
three hives of northern honeybee and five hives of southern honeybee were

selected. The royal jelly was produced by the hive number 1 and 2 for three
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times and hive number 3 to 8 for twice. The data showed in Table 3.1 were
average values of production. After the grafting bar with cell cups (made of bee
wax) was incubated in hive for 1 hour, the percentage of cup acceptance was
calculated. Percentages of acceptance cup which was not destruction by worker
bee of northern and southern production were 93.46+ 6.59 and 100.0 %,

respectively. Then, a very small Qq\w /f royal jelly and 1 day larvae were

t into the incubated cell dtr back to the hi T d
put into the incubated ce ‘ulp_an a ac e hive. Two days

_—' 'J

incubation showed 50. Wanlﬂ 51 £ 1737 % of acceptable cell cups

amounts of royal jelly served in
"r. KH\‘-\‘

neybee were 25.54 + 5.26 and
o

Table 3.1 The production vi&é& of w :Jelly produced by northern and

_..,.._._,,..-‘ .-Jf :In t,
southern honeybee 4 s Y {
15 Jj
Y o % Produced | RJ per cup
Sample | Hive no. jggat % Acceptance cup (mg/cup/day)
| |E | ﬁ% ﬂ 148055 32.18
- 111 9
Northern | % 3 . 86.83 57.4 25.23
" - J [« ™
Q a . 0] 13.48
1 | Average 93.46+659 | 50.16+7.06 | 23.63+9.45
1 2 96.43 68.52 33.11
2 2 100 67.44 28.62
Southern 3 2 93.33 32.14 21.52
4 2 100 58.54 20.88
5 2 95.12 35.9 23.98
Average 96.98 +2.97 52.51+£17.37 | 25.54 £5.26
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The difference between royal jelly production of northern and southern
honeybees was statistical calculated using t-test. The analyzed datas shown in
Table 3.2 indicated no significant difference between the production of royal

jelly by these two population (P = 0.05).

Table 3.2  t-values of royal %‘j fa /uctlon by northern and southern

honeybees (4. cerana) in T

///@h\ ¢St
% Acceptance ‘,Il H -1.066
% Produced cup J’l %“‘L“ 6 -0.217

* ""ff_‘ E-}"
Amount of royal jelly 47 ﬂl‘ 6

3:1.3

ﬁ ﬁlﬁrmﬁw 'Ell?‘]"‘ﬁetﬁsed to determine the

crude moisturg',‘I crude protein, agidity, ash, gude lipid an(‘iu 10-hydroxy-8-2-
dccencﬂ ﬁdl@:rﬂﬁrﬁemmmaaaew &Jaﬂeﬂ’r&’x each colony
was not enough for all analysis (at least 8 grams were required). Therefore,
royal jelly from the same population (northern and southern populations) was

pooled and analyzed as average content values.
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The results of the crude moisture determination for the A. cerana and 4.
mellifera royal jelly were repeated for five times and then as showed in Table
3.3. The moisture content of three brands of commercial 4. mellifera royal

jelly ranged from 61.9 to 68.2 % with mean 66.5, 64.3 and 64.7 %,

respectively. The moisture content of northern and southern A. cerana royal

jelly were less than 4. mellifera \»&\ 7)5 48.8 and 49.6, respectively. The
N\

N
datas were shown in Table }& (_/_.J

T —

b 4

in % Moisture content in
‘ A. cerana royal jelly
Repeat N S
| #%52.9 49.7
2 N Pb3.5 49.6
3 665 | 63 : [ 452 49.7
4 . 68.2¢ 619 | ,.03.8 N 43.5 49.7
s | ‘ije&l-qjﬂémﬂwﬂ BT e
Average = SD J:'I66.5 +1.6 | 64.34+23 | 64.7£0.7 | 488+ 4& 49.6 + 0.1
YRIANNIUNRIINEIAY

9
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The crude protein content of the royal jelly samples were determined by
Kjeldahl method and were calculated by multiplying % crude nitrogen by the
conversion factor of 6.25 (Haydak, 1943; Weaver and Kuiken, 1951; Lercker ez
al., 1981). The crude protein content of A. mellifera royal jelly ranged from

15.7 to 16.5 %. The crude protein contents of northern and southern 4. cerana

honeybees were 21.1 and 22.6 0_\ ’> ively. The datas were shown in Table
N ;y/
% \
7Z.

4.
3 —

4
Table 3.4 Total M content (%) of ;:ommercial honeybee (4.

V- ¥ \ |
mellifera), northern and®o fomeytie .Ma) in Thailand
—
% ﬁ.* 4
il o i il
i ) = I
% Pr in‘%f’_{; ifera % Protein in A. cerana
A royaljelly = royal jelly
e
Repeat A s e N S
T :_,‘ f, {,,. e
1 6 16.4 194 22.4
2 =) 18.5 24.4
3 208 | 206 21.9
4 123 | 245 |,,100 21.4 22.0
s FUAIMENEWsAng | a
| [ #)
6 4 140 14.8 15.4 215 22.9
3 " o
WH ! . 0 ﬂ@ 0 21.7
15. s 2, L 1!;. L 23.5
Average+SD | 16.3+3.2 | 165+4.6 | 15757 | 20.1+1.4 | 22.6+1.0
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The acidity was determined by titration with basis reagent (NaOH) and
calculated in term of milliliter of NaOH per gram royal jelly. The royal jelly
from each individual was titrated for four repeats. The acidity of 4. mellifera
royal jelly ranged from 34.8 to 42.6 ml of 1 N NaOH/ 100 g royal jelly. The

acidity of A. cerana royal jelly ranged from 45.0 to 47.1 ml of 1 N NaOH/ 100

g royal jelly. The datas we@”)))i
Z.

Table 3.5 The acidity jelly) of commercial royal

jelly (4. mellifera), nort A. cerana) royal jelly in

Thailand
Aecidi Acidity of A. cerana
. jelly royal jelly
Repeat A R ¢ N S
SRt

1 355 | 401 | 528 45.8

2 55| 4 418 44.6

. 33_9 : z 1 45.7 46.5

4 33.6¢ 418 | . 384 48.2 42.9
A +SD {348 1. . 11470246 | 4501
—ﬂ——ﬁﬂﬂ—ﬁﬂﬂéﬁﬁ@ﬂﬂ 19 ¢

U

AMIAN TN INYAE
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Ash content of royal jelly was determined following A.O.A.C. method.

Some difference between commercial and harvested royal jelly was found. Ash

content of A. mellifera royal jelly samples ranged from 1.1 to 1.3 % whereas

ash of 4. cerana royal jelly ranged from 1.7 to 1.8 %. The data was shown in

Table 3.6.

Table 3.6 Ash (%) of

royal jelly (from 4. cera

P

mellifera) and harvested

04
% As . _. a » Ash in A. cerana
jelly-. \ royal jelly
Repeat A B N S
1 1.4 By 1.8 1.8
3 1.2 65 1.6 1.9
3 1.4
4 1.6
Average + SD 1314)2 1.3£0.2 11¢02 8£0.2 1.7£0.2

ﬂﬂﬁl’ﬁ‘l’lﬂﬂ‘ﬁﬂﬂ’]ﬂi

’Q‘WW&Nﬂ‘EﬂJ UAIAINYA Y
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Lipid contents of 4. mellifera royal jelly and A. cerana royal jelly were
determined as the total lipid using diethyl ether extraction in sohxlet apparatus.
The lipid content of 4. mellifera royal jelly ranged from 6.0 to 7.6 %. The lipid
contents of northern and southern 4. cerana royal jelly were 4.6 and 6.9 %,

respectively (Table 3.7).

Table 3.7 The lipid c@ /@ml honeybee (4. mellifera),

northern and southem . cera jelly in Thailand

Lipid in A. cerana
royal jelly
Repeat S
1 7.0
2 g 6.8
Average+SD | 7.6%03 | 6740 | 46202 | 69%0.1

mhe 10 TPIETIECTETIAE T PA—
R LALS LA

followedlas described in 2.1.9 in Materials and Meth e results were

shown in Table 3.8
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Table 3.8 Quantities of 10-HDA (%) contained in lipid fraction of commercial

(from A. mellifera), northern and southern (from 4. cerana) royal jelly

% 10-HDA in A. mellifera | % 10-HDA in A. cerana

royal jelly royal jelly
Repeat A B C N S
1 2.92 2,729 00 B 236 1.04 1.66
2 46 0.76 1
Average + SD d ;i 2.6+0. A 0.9+0.2 1.3+0.5
From the results hemical composition were
concluded in Table rence of each chemical
composition between no {and southem Honeybees was calculated using T-

. 57 Ve
test as shown in jble 3. 16 ’I’Beré erem ﬁcant in the differences

tat values < t Critical

between the moistufe, acidity, ash a

values). The protein ang lipid components were different, significantly.

The s@ AN &%&}%}‘é 1tbyal éily) chemical composition
betwe;q W:,uf aalﬁﬁ%wﬁi‘ ﬁl?ﬁ Eio co ared as same as

above afid shown in Table 3.11. The moisture, protein, acidity ash and the 10-
HDA were different, significantly whereas only total lipid components were

not significant difference.
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Table 3.9 Chemical composition of royal jelly of A. mellifera and 4. cerana

in Thailand

A. mellifera A. cerana

North South

Moisture (%) (r =5) 66.5+ 1.6 L uMJL,/JJ +0.7 488+44 | 49.6+0.1
Protein (%) (r =8) 16.3 £

7 20.1+14 | 22.6+1.0

Lipid (%) (r =2) 7 E-' - 46+02 | 6.9+0.1

10-HDA (%)(r =2) 0.9+0.2 1.3£0.5

Ash (%) (r=4)

777/ ERN
AﬂditY* (r=4) 34 5!] IMM\}

* ml of NaOH/ 100 g royal jelly, “h
r = replicates

1.8+£0.2 1.7+£0.2

47.1+4.6 | 45.0+1.6

t Stat

Moisture 8 1gss _ 2.306 -0.440
Pﬁi[%ﬁ E\tm < £\ PY1RR NN ﬁ%lgrq 0 |-4.088
Acidity % ' 1"%%7 ! | 91 ~0.892
Ash 6 3.707 2.447 1.098
Lipid 2 9.925 4.303 13.035
10-HDA 2 9.925 4.303 -1.200
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Table 3.11 Comparison of the differences between commercial (from 4.

mellifera) and harvested (from 4. cerana) royal jelly (two tails test)

df t (P =0.01) | t (P =0.05) t Stat

Moisture 23 2807 | 4 2.069 16.551
Protein 38 2,704 -4.441
Acidity 18 -4.341
Ash -5.744
Lipid 1.519
10-HDA 2.306 7.498

3.2 Part II: Cloning, scree’@éﬁ%émg of cDNA of mandibular
- 7 |

gland Ch

vince, Thailand, were

shock-frozen in liquid gng;ogen. Six hur&l}eds of nurse bee mandibular glands

were dissecte@]fu‘lﬂ:g m&mae%ﬂnaﬁi under microscope.
T T R e
mRNA Purification Kit according to manufacturer’s instructions (Amersham
Phamacia Biotech, England). The mRNA concerntration was 137 pg/ml
estimated by absorbance measurement at 260 nm (Table 3.12 and Figure 3.6).
The ¢cDNAs were first constructed by TimeSaver™ cDNA synthesis Kit

(Amersham Phamacia Biotech, England) following the manufacturer protocol.
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Unfortunately, cDNA cloning was not succeeded. Afterwards, the second
c¢DNA construction was performed by modifying Delta® Differential Display

Kit (Clontech, USA.). The mRNA was treated with DNasel. The first-strand

Table 3.12 Concentration and purity of mRNA from triplicate experiment

A260/A280

Average 1.8969 +0.1291

c¢DNA was constructed 1 tlﬂaénéeverse»'@rip ion reaction using oligo(dT)

) et g :|,.-‘|"
primer. The secondﬁtrand CONK was* %ﬁ ie by PCR amplification

using 18 combinatT 1 of arbltrary and olig ﬁrs The obtained PCR

products were reamphﬁed by the same arbltary and ollgo (dT) primers as the

second-strand ﬂ)%g ’s}uﬂoﬂ(%ﬁew H %ﬂtﬁDNA concentration
(Figure é ﬁ'l;ti §ﬁ§p ts were loaded mto 1 2%-agarose gel and
electrophoresed in a1 b@ Am:]lectro oresis, @ NAs larger

than 300 bp were eluted from agarose gel using QIAquick® Gel Extraction kit

(QIAGEN, Germany) and ligated to pGEM-T easy plasmid vector (Promega

Co., USA). The ligated plasmids were then transformed to bacteria E. coli
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M 10 b i i A R s o

total 7,829 whlte colonies were picked up. The.recombinant plasmids of 3,250
colomesvﬁl@rﬂyﬂg w ‘%Ln lffa}nﬂo;l @ Eel calculated by
comparing with size-known DNAs on 0.8% agarose gel electrophoresis (Figure
3.8). The size of cDNA clones were ranging from 300 to 1000 base pairs.
Before the sequencing, the clones were rechecked (Figure 3.9) using T7 and

SP6 primers, performing the sequencing reactions and sequencing following
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Figure 3.7 The cBNA-reampliﬁed products by-arbitrary and oligo (dT)

LA

primers
Lane M and m A Hind 111 and 100 bp DNA: ladder

Lane "1-6 reamplified products from'various primers
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M123456789 101112131415

Figure 3.8 [MRecombinant plasmid extracted- from ¢cDNA clones on 0.8%
agarose gel

Lane M X Hind HI

Lane 1-15 recombinant plasmids
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Figure 3.9 PER'of fragments inserted in'recombinant plasmid using T7 and
SP6 primers

Lane M and'm AHind'TIT'and 100 ‘bp DNA ladder

Lane 1-7 amplified products of inserts from clones
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the protocol of manufacture. Two types of automated sequencer: ABlprism
DNA sequencer models 377; and ALFexpress DNA sequencer, were used. The
nucleotide sequences were analyzed by homology searching against GenBank
DNA and protein databases using Blastn and Blastx programs through the
National Center for Biotechnology Information (NCBI). The authors, on
request, will provide sequence used for inferring homology with

known genes. A total of 11 c on &e uenced and analyzed.

The results of t the expressed cDNA

\\meludmg some constitutive

si shgwed the protein deduced

fragments were derive

from cDNA sequences. "I“ s were listed in Table 3.14.
ction of gene expression/
regulation and protein synthesis, metabolism, internal/external mobility,

A N

signaling and commjgmcatlon and the umdegﬂ?t'on as shown in Table

3.15. The known ge i ched for open reading

frame (ORF). The 11 (Q(H%) and 16 (%2_3)1%) genes of known and unknown

genes had co@]euﬁﬁamﬂﬂﬁeﬂ&&} ﬂaﬁe 3.16). The known
= AT TI T I TR Y



Table 3.13 Genes expressed in mandibular gland (Blastn)

78

Gene Closest species Accession R* %EST E-value
no.
2'-deoxyribonucleotide Rastonia
metabolism control intermediate solasnacuarum AL646072.1 4 3.63 e-122 to e-131
3BAC RP11-56104 Homo Sapiens AC074043.12 2 1.81 3e-26 to 1e-80
Alpha-satellite Clone PY AM9-60 Homo Sapiens HUMI18ASA 3 2.72 2e-86 10 0.0
BAC clone CTD-2053 H7 Homo Sapiens C025223.6 2 1.81 0
BAC clone RP11-93M13 i0 S 10766.5 3 2.72 0
Cellular RNA induction of interferon
responsive RNAs 4 3.63 e-04 to 2e-06
Chromosome 1 om. jens 7 - 1 0.90 0
Chromosome 16 clone RP11-96K14 6.36 0
Chromosome 5 clone RP-11-458 0.90 e-84
Chromosome X clone bwxD501 1.81 0
Chromosome X P21.1-21.3 from
clone RP13-202 B6 0, ] 1.81 0
Chromosome X seq. from clone ., W —\
262B12 s L <) 91202. 2 1.81 e-133
s
Epithelium cancer oncogene m@Sapiensiii -\ AB! 1 0.90 2e-52
Genomic Chromosome 21 0 gp;!!nit - :'h 8.1 1 0.90 e-174
-+ _--
Genomic Chromosome 9 0 HE?' : P006254.1 5 4.54 3e-38 to e-131
. oo .o
GM/1000 chromosome sala;%@&# — 6063.1 2 0.90 Se-27
Homo Sapiens 12 BAC RP11-657 P13 Ho_mb:r gl A 2 AC119042.9 3 272 5e-77 10 3e-84
Micrococcus luteus 23S rRN.i&e Micrococcus luteus | [ r 1 0.90 e-102
Microsatellite DNA clone pEi e —
CIR247 cylidricum 1.81 5e-53 to 4e-75
PAC clone RP5-1039L24 T'i » Sapi 3 3 2.72 0
il Dendrobium grex
putative cell division control Madame Thong-IN AF107586 4 3.63 4e-05 to 3e-05
© |tUncultured soil
stRNA gene clone ﬂﬁ_ﬁ_ﬁ_ n 0.90 3e-07
Unknown I = a 49.09 > le-04

* = Redundancy, =10"

QW’]ﬂ\‘lﬂim URNAINYAY



Table 3.14 Protein expressed in mandibular gland (Blastx)

79

Gene Closest species E-value R* %EST
Corynebacterium efficiens
Conserved hypothetical protein YS-314 2E-24 1 0.90
Dynein intermediate, ciliary Anthocidaris crassispina le-33 tole-32 6 545
HsdR restriction subunit Campylobacter jejuni Se-15 to 6e-15 3 2.72
hypothetical protein 7e-29 to 3e-5 11 10.00
LDO 2379p (cDNA) 7e-9 to 2e-8 6 5.45
nef attachable protein ow phyt: le-11 to 2e-10 4 3.64
nef attachable protein Sapi -19 to 8e-16 7 6.36
pSS N, 2e05 1 0.90
Probable lipoprotein transmenbra olana; -29 1 0.90
Probable pyridoxal phosphate
aminotransferase protein solanace e-12 1 0.90
u
Probably transposase-human transpo ] -08 to 3e-08 2 1.81
Putative-hydroxamate-type-ferrisi ho .
receptor signal peptide ia §olanace A\ \_Se tole-72 4 3.64
reverse transcriptase honolog-human o ‘.\
transposon lomo Sapici 3 to2e-31 2 1.81
Sodium-Potassium transporting ATPase Wy
beta-chain A’F‘f\é‘ iasp. le07 2 1.81
SR-related CTD associated factor D = 3e-7 1 0.90
. (s a
synaptojanin N “Sapiens 8e-12 to 1 0.90
Unknown PRSI > le4 57 51.82
e

*= Redundancy, e=1 g

j

iy

AUEINENTNYINT
ARIAN TN ING Y



Table 3.15 Functional categories of the deduced proteins

80

Functional Category Proteins Number in | %EST
Category |analyzed
Nef attachable protein
Probably transposase-human
Gene expression, |transposon
Regulation and  [Reverse transcripta.ie homolog-human 19 17.3
protein synthesis transposon\‘
Metabolism 8 7.3
& P ‘“.l; ‘f: . CIl [
Internal/External [Dynein mterqqrdxa.tﬁ 6 5.5
mobility - i L
Signaling & naptojanin jfi 1 0.9
Communication :
Unidentified function |Hypo T
L?O protein 19 17.3
0
6l MV WENAS
Unknown gene T 87 51.8
4Li

ARIANN I VAN



Table 3.16 The number of clones with complete ORF and incomplete ORF

81

Known gene

Unknown gene

Total clones
Number of clones with Complete OR

Number of clones with In

Jll T

(S ﬁQ+“
-

Probable lipoprotein SHICTHO,

- -

Dynein intermediate -

oy

Hypothetical protein - "'"( = *V‘

Putative-hydrox: =
receptor signal peptide
HsdR restrictionsubunit

53
11 (20.8%)

(79.2%)

57
16 (28.1%)

41 (71.9%)

Number of clones
1
3
3
£
2

%

.

1 'l‘)% clones .
by :

T

11
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