14-th INTERNATIONAL BIOLOGY OLYMPIAD
8-16 JULY / MINSK / BELARUS

PRACTICAL / LABORATORY 3:
MICROBIOLOGY AND BIOTECHNOLOGY

Dear Participants!

RENSESL

In the laboratory “MICROBIOLOGY AND BIOTECHNOLOGY” you will be given the
1t T RE A YR BB IRESER A T IIHE T

following two tasks:

Task 1. Identification of microorganisms.

F—E WEVEE

Task 2. Study of Bacterial cultures expressing different genes.

FTE RARTARERZEEER

Duration of the lab work is 60 minutes.

BB Ry 60 734

Maximal number of points — 64 .

Mo Ry 64 57

You have to write down your results and answers into the ANSWER SHEET which will
TRV E G R N EEHB AR EET - BREH R ERGE R H U] - /5
be collected by an assistant when the time elapses. It is not necessary to write anything in the
A E G B -
task sheets.

Result sheets taken away from the laboratory will not be accepted!

ERERENRERE

Please be careful when performing reactions and do not let the reagents and solutions
BB/ IO TR B BRI - N BRI R A R K2 R ARk -

to contact your skin and clothes!

GOOD LUCK!
Country
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Task 1. (46 points) Identification of microorganisms.

F—E (4657) WMEMEE

Materials and equipment

PRt e gats

1. Bacterial strains in:
ESTESEEREE- IR
- Petri dishes with solid media (plate "GCQO" — 1, plate “protease” — 1, plate “amylase” — 1);
ERERFEAL(GCO BRI LE ~ "ZEANg, BEm LE - " Eihls  5HEm 1 (E)
- tubes with solid medium (for “O/F-test”);
A EIREREE AL (O/F B )
- tubes with broth (for “H,S-test” u “NR-test”).
B R R R (R b B A 2 NR 5Bs )
2. Wooden toothpicks for transfer of bacterial biomass from solid medium onto glass slides.
eF A BRI L [ RE R B B AL E S 7 IR 7T 8K
3. Glass slides.
He
4. Pipettes.
e
5. KOH solution, 3 %.
3 %My KOH /&%
6. H,O, solution, 3 %.
3 %Y Ho02 751
. Dimethylparaphenilendiamine (DMPA) solution, 1 % .
DMPA i
8. Lugol's solution (Lugol).
Lugol's }5% (275 £ Lugol)
9. Griess solution, 1% (Griess).
1% Ay Griess 725 (FE7< £ Griess)

~

Identification of bacteria is based on the study of their certain biological properties, mostly
TS E MR IE AR - R EIPREAY ~ A3 R AR LAV - IR A Tl

morphological, physiological and biochemical. You have to identify five bacterial strains

T - R Ne 145

labelled Ne 1-5. For this you'll have to perform five biochemical tests yourself (1.1, 1.3, 1.4, 1.6
Ryt IRRFEET TR AR BRI (1.1, 1.3,1.4,16 )2 1.8) >

and 1.8), and also use the results of the remaining tests given to you (tests 1.2, 1.5, and 1.7).
PUR AR (1.2, 1.5, and 1.7) Fr{SHI4S FARMEOHET -

Some tests are followed with additional questions on the corresponding topic that you have to

HEREZ 1% - Rl ERYE H L AE -

answer.

Please fill your results in the table "Identification of bacteria™ in the answer sheet using the
FEEFRG LR THEEE  £F 0 HABEERR (W)
following symbols: "+" — positive reaction, "-" — no reaction. A sample table is given below.
IR (BRTE) ROE S -t - (e SR - BB TN ETR ©

Attention! In the column "Gram reaction™ you have to put "+" for Gram-positive bacteria and

AR VE TERREE ) Bt R T RRERGTERE ) ¢ "R T R



— for Gram-negative. In the column "O/F-test" put letter "F" for organisms with fermentative
fEL - £ TOMFAES o "F RO AR
metabolism and letter "O™ — for organisms with oxidative metabolism.
"O R E AL E
Fill all columns of the table except for the last one. Then identify your bacterium using
EAFTAMZERS (BRI ) - ZMEEHEE —HEER
identification table in the end of the task sheet and put the letter corresponding to the identified
R T ERVA R A2 R T P REARTR  IHA B RRRE . T HE
species into the column “ Result of identification”.

SR,

Identification of Bacteria (30 points)
EEEE (30)

The presence of: -
ERA~ %
c
g@-&-' 5 'E
S w2 HEE S wlE w2 B
s @8 NI Ag ” 2 9 8 Bl 2|5 &
S W mgiUg (2 Bl g B\ 8 B 3 S| K2 R
S®ogs £l 2|2 TI|2 £(8 €| W\ 5 W
S % X mw|S mi|E 5 H|ls &|=
O 8 S S S Tlog MWM|E &|3
(s ] on
T = %
1
2
3
4
5

PLEASE BE CAREFUL WHEN PERFORMING REACTIONS AND DO NOT LET THE
s VO EREE R > 7)REE S RO R ] K A -
REAGENTS AND SOLUTIONS TO CONTACT YOUR SKIN AND CLOTHES!

PLEASE PUT USED PIPETTES, WOODEN TOOTHPICKS, GLASS SLIDES, FILTER
R FARIRE ~ R8 ~ BR ~ TR
PAPER, ETC. INTO A SPECIAL CONTAINER ON YOUR BENCH!
BAEE RS R E RS -




Test 1.1. Gram reaction
IR S TE
To perform this test you need:
ERRIEEBRITOEA
1. Biomass of bacterial strains Ne 1-5 (from the GCO plate).
AHEEETE Ne 1-5 (7 G C OB AT T &)
2. KOH solution (3 % KOH).
3 % KOH /5%
3. Five glass slides.
hR¥H
4. Wooden toothpicks.
ZNS

Attention! You will need the «GCO» Petri dish later to perform tests 1.3 and 1.4. Please

AR | ETRIRDBEME "CCOoORE, (WH 132 14)
perform the tests in the suggested order: 1.1, 1.3, 1.4.

FIRIR 1.151.3-51.4 BNRFFHEIE

The method:
Tk
Using a dropping bottle, put a small drop of the 3 % KOH solution onto a glass slide.
PR - AEBE R B —/ N 3 % KOH /AR -
Using a toothpick, transfer some biomass (roughly 3-4 mm in diameter) of one strain to the KOH
73 AR ERUDEINE (BERE 3-4mm) - fiifE KOH &% I
drop, trying not to transfer the agar. Mix the bacterial mass with the KOH solution thoroughly. If
A A R L E SRS BB B KOH SR &84
the mass sticks to the toothpick and moves behind it, the strain is Gram-negative, otherwise —
G R Ra i RSk BN AT e RS A ED - AL R it et - SRR R E -
Gram-positive. You can repeat the test if results are not clear.
EEERAER AT EAE A |
Using new toothpick each time, repeat the test with the remaining strains. Put the results in
EREREIEEY - AUAYARE o KSR A 2 By T T | RASHYHER
the corresponding column of the "ldentification of bacteria™ table in the answer sheet using "+"
dre "t FoR TR, " Fon TREREME, -

for Gram-positive bacteria and "-" — for Gram-neqgative.

Test 1.2. (O/F- test).
A 1.2. (O/F Hzh)
O/F-test allows to determine the ability of bacteria to utilise glucose in aerobic (oxidative

O/F s =] F AR B 2 75 FI A2 A S0RRE N E&E(E/LSE) - DURAEESR
metabolism) and anaerobic (fermentative metabolism) conditions.
T HE&ERE (BEER) -
To determine the ability of your strains to utilise glucose aerobically and anaerobically,
Ry TE Y R AEAE A R SEIRRE T A g ) HEHYRE T - AR
each strain was inoculated in advance into two tubes with agarised medium containing required

LTRSS N E & A A NEYSE - &% g5~ (water blue and rosolic acid )

mineral salts, glucose and a pH indicator (water blue and rosolic acid) which is pink at neutral




HRB R E AT » S REIE T MRS Rt 4L - BEME p H{ERG RBE 6 » R ERT R4l
pH, blue at acidic pH and red at basic pH. To create anaerobic conditions, medium in the tubes
== Ry 7 HBLEMEIRGE » 4Rt la— SayslE1E#

labelled 1a — 5a was covered with vaseline oil immediately after inoculation, while the tubes 1b
TR & FERI AL ARES T - 1 1b-5b BYEVE RN 2B N Ak o KB taVE R IRDRAG N5
— 5b remained without oil. The tubes were incubated in a thermostat for 24 hours.
B2 AN o

Analyse the colour change in the tubes for each strain. Put the results in the column "O/F-

ITEREENMB L - (£5EE T HEEE |, RFA TOFHE M

test" in the table "ldentification of bacteria” in the answer sheet. Use letter "F" for organisms
FEE - TR F RO TR R - IR O R A TR B RE -

with fermentative metabolism and letter "O" — for organisms with oxidative metabolism.

1.3. Catalase test.
FRTRH SR

To perform this test you need:
AETTIEEEIREE

1. Biomass of bacterial strains Ne 1-5 (on the GCO plate).
RN 1-5 (£ GCO#E )
2. Hydrogen peroxide solution (3 % H,05).
BWEALFAKERG % H20,).
3. Five glass slides.
HR¥A
4. Wooden toothpicks.
RELFH
5. Pipettes.
e

The method:

i

Using a pipette, put a drop of hydrogen peroxide solution onto a glass slide. Using a

HE (pipette ) JE—EEE LSARIER A L - {5 F— AR
toothpick, transfer some biomass of one strain from the GCO plate to the drop, trying not to
# > B — GCO i TEMH T HE 2B E(LERRICEN » EEAEEIRFERE -
transfer the agar. Mix bacterial mass with the hydrogen peroxide solution thoroughly. Register
HEHE SRR TR G -

the results while mixing the bacteria with the solution. Repeat the manipulation with the

REGHERET - S N ERGER - P2 RAH R H 2 B B LA 4wy
remaining strains. Put the results in the corresponding column of the "lIdentification of bacteria"
IR MEEEAEFEGT | WEEE ) RAVHBIR T -

table in the answer sheet

Question 1.3.1. (2 points) Which reaction(s) is catalysed by catalase?
B LR 4 A Al e (e A LY ST 7
A. 3H,0, +FADH,;—3H,0 + O, +H, +FAD
B. 2H,0,—2H,0 + O,




C. H,0,—>2HO
D. H,0,—»2HO, + H,
E. 2H,0, + NADH + H*— 2H,0 + NAD"

Put your answer code or codes into the line 1.3.1.
RAY—(E B EEZE ((AH) A 131+
1.3.1.

Test 1.4. Cytochrome oxidase test.
AR e 2R A Ll
To perform this test you need:
AT E S - (RFRZELL A

1. A Petri dish (GCO), with colonies of strains Ne 1-5.

—{ER Ry GCO HYRSEIM » P& 4miiNe 1-5 HYEIR
1. 1% solution of DMPA.

1 % DMPA /A&

The method:

i

Using a dropping bottle, put a drop of DMPA onto each colony. 30-60 seconds later the

{EF—{ERE - S —E% M A—E DMPASK » (E=TZ2101%

colonies of oxidase-positive strains turn dark red (pink). Analyse the colony colour of each strain
YA LB 2GS ENE S BIg4l e (Sh4le) - e —ERINETSBR 2L -
and fill the results in the corresponding column of the "Identification of bacteria” table in the
WEFEANEZEZGT T EiEEE | RAVHBRM T -
answer sheet.

Question 1.4.1. (4 points) Which of the following statements are true for cytochrome

YR AR R S LR 2 P TR AT Y

oxidase positive bacteria?
TEMERRAIC 7

A. Capable of using O, as terminal electron acceptor in the respiratory chain.
AFEIIR S R ) O iR i 8% BB 152 % -
B. All are capable of anaerobic respiration.
& H] AR TSR
C. All are strict aerobes.
EHE B A
D. All are strict anaerobes.
EE B R TR E R
E. All are facultative anaerobes.
EEERFREMEARE GERRE)
F. Cytochrome oxidase takes part in chemosynthesis in some strains.

FEREEME T > Al RA (LIS AR E R E

Put your answer code or codes into the line 1.4.1.

EARH—E =S AEE R (UE5) EHA 141 fHT

1.4.1.




1.5. Proteolvytic activity test.

ERE/KEE SR
For determination of proteolytic activity you have to analyse a Petri dish with media
Ry TR R EK MRS - IRFREA N S AERE L AR E A
containing casein, inoculated in advance with strains Ne 1-5. This plate is labelled "protease”. Fill the
Mg AR FERERE (Ne1-5) - EEEMCE TR "EHEE, (protease) -
results in the table in the answer sheet.

RIEEREATREBHIRT

Test 1.6. Amylase test.
BRI

The plate labelled "amylase" contains rich solid medium supplemented with 0.2% of starch
R Ry TRkl (amylase) HYRFEILT - 24 0.2%H il ~ EREE &AL
and has been inoculated with strains Ne 1-5 in advance. Cover the surface of this plate with
TR EREIRYEE RN 145 - LA Lugol /5% 78 &R E IR A

Lugol's solution (Lugol) and determine which bacteria have the amylolytic activity. Fill the
5 IR EH IS E - Rl E ik BA B BEE -
reaction results into the corresponding column of the "Identification of bacteria” table in the
WEFEANEZEZGT T EiEEE | RAVHBRM T -
answer sheet.

1.7. Test for hydrogen sulphide generation (H,S-test).
HS A2 Bz

Here you have to analyse five tubes prepared before. The tubes contain meat broth and were

FERARA TR RN TAREVE - B e A P RIRERE R - Ok
inoculated with test strains some time before. The tubes also contain pieces of white indicator paper
PSR o EheaE—R R ARZE OR%E) e
saturated with the solution of lead acetate. Fill the results in the table in the answer sheet.
EEAR - A HoS ARG A 2B T o KRGS A B ZEMITRIEA -

Write down in the answer sheet the single letter code for the correct answer to the two

WiAEE G EEIE LU RaE R - A E B SCFRHE -

questions below:

Question 1.7.1. (4 points) When bacteria capable of producing H,S grow on meat broth
E IR RURRRIE A TP R AR R HoS » I HoS 22K H

medium, H,S is generated from:

N
A. RNA. F. Glycine.
H %
B. DNA. G. Thiamine.
WifEns (4Efan By)
C. Arginine. H. Biotin.
ieTiieq Lt EYIE (4Eftra H)
D. Methionine. I. Taurine.

P B sl



E. Serine. J. Cysteine.
ShiE T Rz

Put your answer code or codes into the line 1.7.1.
TERAY—(E B EEZE ((AES) A L7.1

1.71.:

Question 1.7.2. (2 points) Which reaction is responsible for the change of the indicator

W (S FE A a2 Ay AR

paper colour?

A.2CH;COOH + H,S = (CH3CO)25 + 2H,0
B.Pb”™* +S* =PbS

C. (CH3COO),Pb + H,S = 2CH3COOH + Pb +S

D. 2CH3COOH + H,S = CHSCOOH + 2H,

E. 2CH3COOH + Pb + 2H,S = 2C,Hg + PbSO, + S

Write your answer code or codes down in the line 1.7.2. of the answer sheet
TR —(EEEAEE 2R (RS ) EA 1.7.2 1+
1.7.2.

1.8. Nitrate reductase test (NR-test).
B REHIER

For this reaction you need:

IFE PR

1.Tubes with suspensions of cells of strains Ne 1-5 marked as “NR”.
A NR7HYNe 1-5 R R Z slE

2. Griess reagent, 1 % (Griess).

1 % Griess 37
3.Pipettes.
s

Add 1 ml of the 1% Griess (Griess) reagent to the to suspension of bacteria. The presence of
FEAERFRTIIA 1 ml iy 1% Griess 50K - &5 BA B EIFEEM: -
nitrate reductase activity results in the appearance of red colour within 1 minute. Fill the results in the

Ril—43gE N o] RALERE > RHEFIEAEEE
table in the answer sheet.
HyZRH -

Question 1.8.1. (4 points) The presence of nitrate reductase allows:
T e e [ g ] (s A
A. To use nitrate as electron acceptor in the electron transport chain during
MR EEE(E /R e E AT - BT ERE Y ETR2 s -

chemosynthesis.

B. To use nitrate as electron donor in the electron transport chain during respiration.



HI P BRI F Ry (I of > B ke 2 B e (it -

C. To use nitrate as electron donor in the electron transport chain during chemosynthesis.

FIFHH BRI F R (LR SR FR T - BTk 2 et s -

D. To use nitrate as electron acceptor in the electron transport chain during respiration.

FIFH R B E P E A - TR TR -

E. Use nitrites as nitrogen source.

A FH P R B R 2V

Write your answer code or codes down in the line 1.8.1. of the answer sheet.

FEIRE—E= (A E R (XE5) EHA 1.8.1 1+
1.8.1.:

Use your results and the identification table to identify the species of your strains. Fill the

FIFATS Z &SR R NIV ER - AR IR R B

results in the table in the answer list.

RHEFIHA S GRS -

Identification table

Genus, species The presence of:
EBE~
J& ~ & c
t KL |8 e sr2edes e
E B olesElsZems 8 Eemw
5 5 ¥ 3® S wWEREY: &
@ ¥ S =
T =
A | Escherichia coli — F + — + _ + +
B | Xanthomonas - @) + — + — + _
campestris
C | Lactobacillus + F — - + - + _
delbrueckii
D | Erwinia herbicola — F + — _ _ + n
E | Clavibacter + @) + - — + + _
michiganensis
F | Staphylococcus + F + - — _ _ _
saprophyticus
G | Pseudomonas — @) — + — _ _ ¥
mendocina
H | Pseudomonas - @) + + + — _ _
putida
| | Sarcina + F + — + _ _ _
lutea
J | Streptobacillus — F — — - — _ _
moniliformes
K | Agrobacterium — 0] + + - — + +
tumefaciens




10

L | Pseudomonas - o] + + + _ _ +
fluorescens

M | Bacillus subtilis + F + - + + + _

N | Streptococcus + F _ _ + _ " "
lactis

Task 2. (18 points) Study of Bacterial cultures expressing different genes.

528 (187 RARSEAEERZ EEEE

Materials and equipment

oy &)

1. Six tubes with cells taken from cultures at different stages of growth. 6
ANEEVERVARE - AFRATE A KA

2. Distilled water (flask A). 1
ZEEHK OB A )

3. Dropping bottle with 0,5 M catechol solution (flask B). 1
W& 0,5 M FREN S RAVRER (BEfB )

4. Pipette. 1
e

The xylE gene coding for enzyme catechol-2,3-dioxygenase is often used as an easy
SaORMD — 2,3 — AL RAVEA xyYIE H 4 A F AR RNR I 2 8 5 704 -
assay reporter to study expression of various genes. This enzyme catalyses the conversion of
LI 2R T R Y SR I e Y

colourless catechol into yellow coloured product - hydroxymuconic semialdehyde. Fusing
EY) (S8R5 -
promoterless xylE sequence to the promoter of gene of interest allows to follow the expression of
R AREN Y xyIE FRyBLE R E H N B A RE iV EARNLIRE » sIHEeEY 2
this gene according to appearance and intensity of yellow colour of reaction products

2w O > ISR HIY Z BRI -

Two strains of Escherichia coli have been constructed experimentally in which the xylE
PRI Y TR PR EE B > 3% xyIE AN EARE) AYRIEEAN C KD
gene was fused to promoters of two different genes, gene C and gene D. The picture shows
A NEFRRIE
growth curves for these bacteria, labelled I and 11 (I - E. coli with xylE fused to gene C promoter,
R VAT I EYAERigR (12 xyIE BRRIEE) 7 C AR S HYRIGIRE

Il - E. coli with xylE fused to gene D promoter). Arrows show when cell samples were taken

112 xylE ZRMIEE) T D AR SR ARIGARE ) BiiH AR A RIS -

from the cultures. Arrow number corresponds to tube number, in which the cells are located
A SRR B R AR A EVE 4Rt -

now.

Determine the phases of culture growth in which genes C and D are expressed.
R CRIEA D F3RET - 4fif 2 4B RIS B R fa 2




11

8 10 12 26
Time, hours SRS > /\A%

To do this you need to perform the following actions:
IRFREETT LU MY IAE ¢

1) using pipette, add water (from flask A) to each tube. Fill the pipette with water to the mark,
MBERK (IERHA ) FliF—aET » IVKERRRE -

2) using the dropping bottle (flask B), add one drop of catechol solution to each tube and mix
fEREA (BB ) - &Il—RAREIaR T —REEd  #RE515

the contents of the tube by shaking,

3) leave the tubes at room temperature for 3-5 minutes,

e BN T = 2 L5

4) examine the appearance of yellow colour in each tube.
ET-HEEGANBER -

Determine in which growth phases genes C and D are expressed and fill the table in the
REW—RHHER C REARD §RENK @ WAEBSERNFREFHEEWL

answer sheet, putting the "+ sign in the corresponding column.

BOA "+ R -

The gene is expressed in

Strain Gene HEERE R,
early log phase late log phase stationary phase
[E5173 R HEIHFHA HE A HA REH
I C




