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1 TOURING THE VIRTUAL LAB

HINTS: For additional help in

. . . ) ¥ contents) [FTTRaERY
completing this exercise:

t 1’ ‘ 'WEB Overview F1 ;

More detail on the content and format of - Lab Safety =
the software is ava “ ‘

flesprovi ded. When vy fec
N

Manage Unknowns
Do Tests

Q Incubate and Interpret Tests
&} Identify Unknowns

you will be able to access the contents,
an index of all help topics, the tutorial,
and even a search engine that will
enable you to find out more information About VUWEB
on topics that are otherwise elusive.

Besi des being able to review t he ilustiated desariptiors ofchelakiféhriies ¢
and activities that you will st udyShtohw ovleg HHotws & olEs e n
have trouble findingthei nf or mati on you need following the instru
to completing these assignments. NOTE: Help files are located online and an Internet connection is

required to access the content.

1. Open the software. Work through the Qu i c k T8driald to become acclimated to the means by
which the Virtual Lab functions. Once you feel comfortable with the workings of the lab, exit the Help
Tutorial and enter the Virtual Lab.

[:NiContents) [ForiRaex™ [T=TSEaTeR™

§3-£3F Safety Before getting started...
& Quick Start Tutorial
& Before getting started....
& Orientation to the Virtual Lab

Watch video @ﬂ

b
&3 Tube-Tube Transfer
&> Tube-Flate Transf

& Incubating

Here are some hints on the mechanics of VirtualUnknown™ Microbiology software.

&> Adding Reagents < =
<& P.=_->5‘ ng Res e To operate in the lab you will need to Tool: D Pointer oY Resgent:
&> Identifying Bactena change your cursor to a tool. Use the

The Virtual Lab Report H . T
an b aas dropdown list to choose the appropriate

€] Referznce Books tool for the task you are doing.

* You will be using both left and right
mouse buttons.

. Right click reveals options - light the
burner. remove caos. record
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2. You will note that there is nothing shown initially in the Unknown indicator box and that no media or reagents
are available for use. You must have an unknown selected before any work can begin.

Filsinown View Help

e ” ] ‘) = l l == ] Lo | e

Inoculation Contamination

iy
%" Pointer

eagent: | <selectreagent> | New Day Virtual Day: 4

"n-n - mEe
4 in st
» bl ST REVIVY

3. Click on the ANewod button (° — '
symbol) to have an unknown organism assigned for you to v | New S ] [ New == ] Media:
work with. - i

+ | Reagent: Q)seld Get a new unknownl = E

a. Select the lab exercise or type of microbe from the
ASubgroupo t he .dhisdigid composed of s t - —=
pre-created unknowns for use in doing the exercises that e Unknown e
follow. The selection you make will limit the types and Enter a Label:
number of bacteria possible. Specially-assigned unknowns
and case studies are activated for use when you make a
selection from this list. For this exercise, please select
fNone6, indicating you are-not
defined unknown from the list and wish to have one
randomly assigned. For this exercise, check the box to
permit auto-inoculation for this unknown.

b. Provide an identifying name for the unknown. For this exerci seNOTH:s e
Labels for labs cannot contain spaces!]. Inputting this identifier into the top box at right adds this
unknown to the list of defined unknowns in the dropdown list of Unknowns found above the Virtual Lab.
When you re-enter the Virtual Lab you can resume work on the same organism by selecting the name
from the list in the Unknown dropdown box.
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c. ClickOKaoan tf hankeowmassigned based on the parameters you just selected.
d. Read the Case Study. When you are 'rcase_&udy‘ - S
done, exit the Case Study. It can be ’Case160:

revisi ted by selectin Rancher Pat Simmons was jubilant. After two years of decimating drought,

options found under t his men had completed work on the pipeline from Lake Bridges. Now he

list. could provide the water needed for his livestock. Because the water would
also provide their drinking water at the house, Pat decided to have the water
tested for safety. This organism was found in the water.

- =

e. Review the Gram stain. In the process of PSR gy
receiving your unknown, you will complete
your first test when you review the Gram stain
to determine the Gram reaction and
morphology of the unknown microbe. Try to
exit the Gram stain image without making any
selections. What message do you receive?

f. Repeat steps 3a-d. This time, record the
Gram stain result #ASp
i

Bacteriao, which is
show how such mistakes are handled by the
software.

4. Once you have recorded a Gram stain
result, the lab is configured and you are — -
ready to do some microbiology. Part of Media: | <select medium>
studying bacteria is doing metabolic Phenol Red Arabitol Broth

tests using special media. Select TiPhenol Red Cellobiose Broth
fPhenol Red Glucose Broth with Phenol Red Dulditol Broth

Surhdam TIL.jbeOY f 'r||8 m kt dh e M Phenol Red Glucose Broth Durham Tube
ropdown I.St' ou will be aske to Phenol Red Inositol Broth
provide an identifying label for the

. . Phenol Red Lactose Broth
medium, just as you must label tubes o el Fied Madtose ot
and plates in the wetlab. Type in Phenol RE d Ma _S:)] Bro h
iprglucosed and cl i I e
appear in the foreground on the lab
bench. These are the tube of unknown
organism at left (inoculum) and the
sterile tube of phenol red glucose broth
at the right.

5. With the selection of a medium for use in testing, the two traffic signals appear
in the upper right above the lab change. What is the initial color of each and
what might be the meaning of that color?

Inoculation:

Contamination:
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Move your cursor over the Bunsen burner and right click.
Choose the option to turn the burner on. A flame will appear
and begin flickering from the burner.

Abovethelabi s a field indicating
Dayso that have transpired i
Dayo button above the I ab sc

advanced 24 hours. What warning do you receive? Why
would this be important for working in the wetlab?

:medium =

[ New Day ’*Vartual Day: 1

A2 UI\JIU”, . III\IIIIUIIS" —
Go to the Virtual Lab Report
dropdown list and own |View| Hel T
p .u p lmlnxm’y Marcus Wilson

select fiLa j I v o

Itis displayed = dentification Matrix

initially in full-page

Identification Information

Lab Report

format. Magnify the
report so that the A
details may be read. = Gram Stain ~ et ) ) et
Fill in the = I

information below Summary:

based on the

content of the lab

report:

a. What information is given about the identity of your unknown?

e Test Detail (Chronological Order):

b. What is the first test recorded?

c. How many organisms were eliminated by this
result?

Exit the lab report for the time being.

Use the skills learned in the Tutorial to attempt to dispose of the medium by dragging the tubes to the
Biohazardous Waste Bin and dropping them in. [NOTE: You can always review the tutorial by going to
AHel po and sel et Whahmessageud you riecivedwhen you drop the tubes in the
Biohazard bin?
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11.Click O0Yes0O anfnakeaguessof espbsstiveo for fiacid from gluc

glucoseodo is an option, r el dhednediapvitldisapgpean e 0 f or t hat al so
12. Next, guess at the identity of your entify Unknown Micrabe || - ] &=

ljnknOWn by CIICkIrlg Or.] Select the identified microbe from the following list:

AiUnknowno in the == :

. Buttiauxella agrestis [ 4

the lab scene, and selecting : o :

~ . N ﬂ/vln«ual-u-nanvn Microbiology : Note: Once identification is made, no additional tests may be performed!

Aldentifyo from

You will be cautioned that

providing an identification will Unle L
prevent you from further work in »
the Virtual Lab on this unknown. RecordReEslits Alt+R ok

That is fine i just guess.

What information is given?

13. When prompted about whether to return to the lab report to review your work, do so. Review the results for
the tests of fAacid from gWhaiofsrenatiornisnglvenigtaesTedtbatath gl ucos e
(shown in red) for these two tests?

14. Exit the Virtual Lab Report and continue your tour of the Virtual Lab. Click on the yellow button T
mar ked ATO. This provides information on a 7
using VUMIE 2012. Tests are listed in the pane at left and detailed information about each is
listed in the pane at right. Any time you need information about how to conduct a test, it can be
found here. What are the first and last tests in that list?

rIcuia. T S L L

15. For info on media and bacteria found in the software, click on the blue button
mar ked AMO and t he ¢ rresgeatively.uAny time youmeeadk = |
information about a medium or bacterium, it can be found here. These Help L
files are fully searchable to allow maximum effectiveness in providing useful
information for this course.
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Click on [OveiewFrlo aamd fin acons abeve thentapic
index in the panel at left: fContentsq findex§ and AfeamMchd
guestion in one of the exercises asks you for information about bacteria

P iEEhenEY FoaRaeRy  [(=Seachy

Type in the word(s) to search for.

commonly found in cockroaches. Typet he wor d &soiothek r o cockioachis | Acldi
search field and click on the magnifying glass. What topic appears in
the pane below the search window? What

Double-click on the topic in the search window to bring up the information in the pane at right. Copy that
information here:

In the same way, use of the Help Search feature will make finding
information in VUMIE 2012 easy and convenient. Do not hesitate to

go to AiShow Me How Toé 0 to get additional information on things

that are difficult to understand. For instance, to find out more about

how aseptic transfers are done to streak plates in the Virtual Lab (and
how the process closely approximates that undertaken in the wetlab),
clickontheiSh ow Me H @ hookluadér the Help tab and select
the topic of interestfromtheiDo Test so0 col |l ecti ¢

When you feel comfortable with the Virtual Lab and believe you can

navigate through its features sufficiently, print out the Virtual Lab Ll Virtual oW

Report containing a record of your activity in the lab. You may be Unknown View Help
surprised by the level of detail on your lab activities monitored by the :

software and reported to your instructor. Or, your instructor may % Submit Lab Report..

prefer to have you submit your report electronically. An easy way to Enroll in a Section

do so is to use the option under S B

copy of the lab report is automatically emailed to your instructor. To -

view the lab report at a later date, simply select the unknown session Change Password

ALab 10 from your wunknowns |i st -

reloaded into the lab report viewer.
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ASEPTIC TECHNIQUE 1 TUBE-TO-TUBE TRANSFERS

Open the software. Review the Tutorial to become acclimated to 'N i AR @
the means by which the Virtual Lab functions. Once you feel .

comfortable with the workings of the lab, exit the Tutorial and enter
the Virtual Lab. Rememberthei Show Me Hofeaturé im é
the Help files is always accessible to provide additional instructie
on these topics. _fGram Positive Coccus ) i v

Enter 3 Label:

Create a new unknown named AG
Coccuso0o as t heBefsrethgeaeilNP 8PACES in
alabel for an unknown you create! For this exercise, DO NOT
check the box permitting auto-inoculation. Autoinoculation
allows the student to bypass the steps of an aseptic transfer and go « “
straight to incubation of the medium 7 not something desired when

the exercise is focused on teaching how aseptic transfers are done

in the software!

Read through the Case

Study and interpret the r - -
Gram stain (feel free to Media: | <select medium:> -
make a guess if this Phenol Red Arabitol Broth -
to_pic has n_Ot been Phenol Red Cellobiose Broth

dlscu_ssed in class). Phenol Red Dulcitol Broth

Obtain a tube of Phenol Red Glucose Broth Durham Tube

Phenol Red Glucose Phenol Red Inositol Broth

Broth with Durham Phenol Red Lactose Broth
tubef rom t he

dropdown list and Phenol Red Mannit
provide an identifying [ AT WTEmE
label i prgb. ' "

Phenol Red Maltose Broth

ol Broth

1!

Appearing will be two tubes i one at left which is your culture of unknown organism (the inoculum) and the
one at right which is sterile phenol red glucose broth. The inverted Durham tube protruding up from the broth
is used to capture any gas produced during metabolism of the sugar.

The purpose of aseptic technique is to control the conditions of the work environment so that sterile media
remain that way until inoculated deliberately by the lab worker (you). The two tubes r e}
and Aaftero resul ts ivasgsenle mediunsis inosulatadcandogroyslto peodueed pure
culture of the unknown organism. List three precautions taken in the wetlab to reduce accidental and
unwantedi nocul ation (also known as fAcontaminationo) ¢

Right click on the medium at right and select Record Results to make a guess about the result of this test.
Select positive for Acid from Glucose. Then dispose of the medium by dragging the tube at right to the
biohazardous waste bin. Doing this will result in a note in the Lab Report that you made a guess. The
software can distinguish between a guess and a valid test attempt.

-7-
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5. Select Phenol Red Lactose Broth from the Media dropdown list. This medium differs only in the sugar
contained (lactose instead of glucose), and thetestisdoneex act |y t he same waybo.

6. Note the traffic signals in NOTE: The steps [ || noculation Cantanination
the upper right corner. Be needed to ¥ §
sure to have at your complete an ot

disposal a timekeeping aseptic transfer

device (watch or clock). with VUMIE 2012

Remove the caps from the mirror those used

tubes (by selecting that in the wetlab. To

option following a right-click  review how to

on the sterile tube at right) accomplish these

and begin timing. How steps using the :
long atime period is software, review Remove caps/lids
provided for users of the ATut or i Record Results
VUMIE 2012 before the fiShow Me How To

Contamination light turns Do Aseptic

red? (Hint: You are given Transfersa
avery generous time of AiHel po.

well over 30 seconds!)

7. Replace the caps on those tubes (intuitively, by the same right click on the
tube at right), then drag the capped phenol red lactose broth tube and drop it
in the 37° C incubator. Immediately retrieve the medium from the incubator
by right-clicking on it and selecting the medium with the correct label - prib.
Explain why a contaminated culture has not demonstrated any
observable change in color or turbidity at this point?

8. Record a result for this test by right clicking on the tube at right and selecting that option. Make a guess.
Then, dispose of the medium by dragging and dropping on the biohazard waste container.

9. Next, select a tube of Phenol Red Maltose Broth (again, only the sugar found in the medium has been
changed) and repeat the process of exposing the medium to contamination by leaving the tube open to the
air. However this time rather than recording a result and discarding the medium, place the contaminated
tube into the incubator. Click i Ne w Daincudbate the tube for 24 hours. Retrieve the medium from
the incubator. What does the turbidity and color change of the medium indicate? (You may need to
click on the ATO0O icon and |l ook up this test for 1

10. Do these results faithfully reflect what would be expected in the wet lab? Why does it make sense
that contamination leads to a positive result in every case?
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11. Record your results (positive is yellow, anything else is negative). Then, dispose of the medium by dragging
the tube and dropping it in the biohazard waste container.

12. Obtain a tube of Phenol Red Fructose Broth. This time, watch the traffic signals and keep track of time
as you complete the following steps:

NOTE: The steps needed to complete an aseptic transfer with VUMIE 2012 mirror those used in the
wetl ab.
Me

13.

14.

15.

16.

a.

To

revi

ew how
Ho w O0®mdrg on aseptic transfersi n

to
i He |

accompl i sh
po.

Select the inoculating loop from the Tool dropdown list.
This is the tool you would be instructed to use in the wetlab. Tool:

Remove the caps from the tubes.

Entering the left tube from the top, dip the loop down into the
unknown culture to obtain your inoculum and remove it

through the top of the tube for transfer to the sterile medium
at right as demonstrated in the Tutorial.

Replace the caps on the tubes.

these st eflsowus

[ 3

") Pointer w  Reagent:

|

ok ¢
J' Pointer

/ Wire

/ Dropper

q Magnifier

Swab

If a traffic signal turned red BEFORE you replaced the caps, you did not complete the transfer within
the allotted time period. Discard the medium and start over until you can do so.

Expl ain

why

the traffi

Placeintheincubat or and
medium in the biohazard waste container.

c |

c signal i ndi
open longer than allowed. Think about the process as it is taught in the wetlab and the important anti-
contamination step that was omitted. You may want to review the whole aseptic transfer process in the
Tutorial to reveal the source for the contamination.

c k

iNew Dayo.

cating fACont ami

Ret r i eismseflthe

Now, we will take care of all of the details involved in a successful aseptic transfer that is completed without
contamination. Obtain a tube of Phenol Red Mannitol Broth. This time, watch the traffic signals and
keep track of time as you complete the following steps:

a. Select the inoculating loop or wire from the Tool dropdown list.

b.

C.

Ignite the burner by right-clicking on the burner.

Flame your loop. What indication is there that the loop has been

sterilized?

 f
EL
g NP —

nat i

med i

u
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d. Remove the caps from the tubes. Drag them to the burner to
quickly flame the mouths. The popup messages indicate when
each has been successfully flamed.

[NOTE: The means for performing aseptic transfers is explained
in the ATutorial o. You may al so
by entering fHel pShowavie owiTeéd in gf & atet

Inoculum Flamed

A=

e. Perform the aseptic transfer by dipping the sterilized loop into the culture at left and transferring it to the
sterile medium at right. Be sure to enter and exit the tubes from their tops. Explain why the color
change in the traffic signals makes sense from your knowledge of aseptic technique in a wetlab.

f.  Once again drag the tubes and flame their mouths. Replace the caps. If you were able to complete
this in the allotted time, tell what color changes now have occurred in the traffic signals. If not,
discard the medium and try again.

g. Tofinish the aseptic transfer, flame your loop again i just as you would in the wetlab.

h. Place the inoculated culture inthe 37°C i ncubat or . Click fANew Deogrd . Ret
the results. For informatonon t he i nterpretation of t Nanitolee stud 2ts,i m et
bi ochemical test reference bbovkcan(yauwche suseshe chicnobea t he AT

being studied is responsible for the changes observed in the medium?

i. Dispose of the media in the biohazard waste container.

-10 -
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17. Perform without contamination the two tests done using the media listed in the table below. Be sure
to read up on how the test medium is inoculated, incubated, and test results interpreted, since you will need to
record results in the software and in a table below.

Medium Used

Appearance Following Incubation

Interpretation of Results
(Positive or Negative)

Phenol Red Sorbitol
Broth

Christians
Broth

18. Open the Virtual Lab Report and read through the comments the software made for each attempt at an
aseptic transfer and for the results you recorded. You will see that learning how to do aseptic transfers
correctly is as important in the Virtual Lab as it is in the wetlab, and that the consequences for mistakes are

just as severe. What warnings or messages appear most frequently?

What changes in your actions will you make to improve your aseptic technique next time you work in

the Virtual Lab?

19. Print out your Virtual Lab Report and attach it to this completed Exercise for submission to your instructor.

-11 -
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3 ASEPTIC TECHNIQUE T TUBE-TO-PLATE TRANSFERS

1. Open the software. ¢ — %)
Repview the Tutorial to ol Vi S New SRR~

. %) Virtual Unknown Microbiology : m¢ :

become acclimated to the f;;u@b
means by which the File Unknown View Help FSoberoup:
Virtual Lab functions. e — [y e -
Once you feel @_ DY
comfortable with the o :

. . A | Auto-inoculation on
workings of the lab, exit ' '
the Tutorial and enter the Tool: / Loop v ‘ oK ] [ Cancel I
Virtual Lab. Remember !
the iShow Me How
Toé ofeature inthe Help  If you have completdd ExerciSe 2 Aseptic Technique 1 Tube-to-Tube
files is always accessible Tr ansf er s, l ect GPOS from the AUnkno
to provide additional ANewd but mtend mew unknown named fAGF
instruction on these Positive Coccus o0 abBorthishegercifes DONOT ohegk the box
topics. permitting auto-inoculation. This exercise teaches how to do aseptic transfers in

the software, so bypassing that process defeats the purpose of this exercise.

2. Read through the Case i TE— =
Study and interpret the e -

Gram stain (feel free to XaeleEb e =
T . ﬁ 5% Sheep Blood Agar Plate |=]

make a guess '_f this topic Arginine Dihydrolase Broth

has not been discussed Bile Esculin Agar Slant

in class). Obtain a Christiansens Urea Broth

DNAse Agar plate with DNAse Agar Methyl Green Plate

Methyl Green from the

i Me dlistanrd provide

an identifying label i dna.

Appearing will be a tube of your unknown culture at left to use for inoculating the sterile plate of mint green

DNAse agar.

3. Read up on DNAse agaranditsuseby ¢l i cking on the green AMO icon
mediaincludedinVi r t ual Un k n obiolo§y. Wau will see that this medium is used for testing whether
unknown bacteria can digest DNA. For this exercise, we will streak the plate and observe the isolated colonies
to determine whether DNA has been digested. This information is useful for identification.

4. The process for streaking plates in the Virtual Lab is a compromise from the actual process used in the wetlab.

In the wetlab, the inoculating loop is used to dilute and mechanically spread the microbes over the surface of the
agar in order to isolate bacteria from one another so that they might grow into genetically pure colonies arising
as offspring of the original single cell landing at that point on the plate. This is done using a pattern repeated
over and over as you move the loop from one sector to the next, removing a fraction of the cells in the previous
sector and spreading them out in the new sector. Because the third sector represents a fraction of a fraction,
and the fourth is a fraction of a fraction of a fraction, the numbers of cells picked up and distributed by the loop is
reduced to the point where single cells are dropped off at some distance from one another and colonies
consisting of millions or billions of the same microbe can arise, untouched by other colonies.

In this versionof Vi rt ual UnknownE tNMiec rsotbriecalko gpyl at e process i s
of the loop across the plate surface until streak lines appear. Here is how it is accomplished:

a. If you have not already done so, select DNase Agar plate from the Media dropdown list. Label your plate
fdnao .
-13-
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b. Selecttheinoculating NOTE: The steps
loop from the needed to oy o
. Tool: | ™) Pointel v R t:
dropdown list of complete an | N Maiabid | R
ATool so. a;eptlc transfer — ..:1 Pointer
with VUMIE 2012
c. Right click on the mirror those used
Bunsen burner and in the wetlab. To
turn it on. Place the review how to
loop in the flame until  accomplish these
itturnsredi asignit  steps using the A NO:e
is hot enough to have  software, review i P EEE

been sterilizedbythe t he ATut or
flame. Note that the iShow Me H

loop turns back to Do Aseptic
black as it T Transfersbo Remove caps/lids
iHel po. Record Results

d. Rightclickon t he pl at e Ramode s el
Cap/lLi do0 option.

e. Now you must flame the mouth of the inoculum tube
before starting the transfer. Do this by dragging the
mouth of the inoculum tube through the flame and
noting the popup box stating the inoculum has been
flamed. Failing to do this always results in
contamination and is recorded on your Virtual Lab
Reporté not a good thing.

Inoculation Contamination

f.  Now that you have a sterile loop and have flamed the
mouth of the tube of your unknown culture, use the
sterile loop to obtain an inoculum and transfer it to the
plate of DNAse agar. Again, be sure to enter and exit
the tube from its mouth or inoculation cannot take
place. Also, you can watch your progress by following
the traffic signals in the upper right of the tool bar
above the Virtual Lab.

g. Once the inoculum is transferred to the agar plate,
squiggle the loop around the surface of the agar. This
will approximate the mechanical dilution you would
accomplish with the repeated streaking and flaming of
the loop in the wetlab. You will know you have
completed the streak plate when streak lines appear
on your plate.

h. Before replacing the tube cap and plate lid, be sure to
flame your inoculum tube as done previously, just as
in the wetlab.

i. Drop the plate in the incubator and click New Day.
This is the only test that is routinely incubated at 25 C.

New Day ‘ Virtual Day: 2
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j-  Remove the incubated plate from the incubator and observe for
color changes and other indications of growth on the medium. Is it
possible for there to be bacteria on the plate but for the DNAse
test to be negative? Explain your answer.

Remove capsllids

Record Results

, ,

DNase at 25C:

(©) Positive  (*) Negative () fig resti

Observations:

k. Rightclickon the plate and select AF
brings up a closeup image. Use the information from the Test
references and the image provided to determine whether the
microbe is positive or negative for DNAse. Record the result by
clicking either positive or negative. What result did you record?

I. Dispose of the culture by dragging it and dropping it in the
biohazardous waste bin. Spemmmmana Ty —

=
Alt+L &

% Alt+C 1

m. Open the Virtual Lab Report and view the results recorded so far.
How many bacteria have been eliminated from consideration

because of the Gram stain and DNAse test? o [ Leec
2 -' Gram Stain [
\ s
n. Close the lab report and open the Identification Matrix by clicking
AiViewd and then selecting fdlde [View| Holp
the dropdown list through which you accessed the Virtual Lab | Identification Matrix AR+I E
Report. i La Alt+L F
o Parm Cheeellc FYT
0. The Identification Matrix lists all tests used for Gram -é 3 % 218 §
positive bacteria as rows and the bacteria included in s18|3|3 % % ¢
the software as columns. Results are recorded as < § =l e 5
one of five options: +, [+],d, [-], and -. What do { § 2(8|8(8|8]¢
H H (s} =] o o o <
these designations mean? el8(2|2(2|2]:
2|8 |S|S(8|8|
+ | =|a|a|w|n|c
Acid from glucose d i+ + + o+ 0+
Alpha hemolysis - |d |{[-1|[- |- |-
[+] Arabinose fermentation d = = - =
Arginine dihydrolase d |+ |d |d
Bacitracin 0.04U susceptibility - - - -
d Bacitracin 2U susceptibility = == == |=
Beta hemolysis = |3 | = =) [
Catalase + 0+ o+ + + |+
[_] Cellobiose fermentation d - = - = -
Citrate Utilization (Simmons) d [-|a|-|-]a
Coagulase -+ - - -
) DNase at25C + |d |+ |[-][[+] [+
Eernlin hudralucic A — = — = -

-15 -



Mi cro Digital
Copyright © 2012, Intuitive Systems, Inc.

Note that in the

Medi aE

2/ e Name:

Section:

first column (fAAssigned Unknowni

shown. The only bacteria eliminated by ANY result you record as positive are those wi t hii ar efis u |l 1

onl bacteria el

y

i minated-iwher yboseewodt & aAlfotha&il !

(+), d, and (-) 7 remain in the matrix until they can be clearly eliminated by + vs. - results. Based on this

information and the portion of the table displayed above,

dihydrolase be useful tests to pe

tests that require you to streak plates t

woul d AAci d dndArginimel
rform now for identifying your unknown? Why?

The tube-to-plate technique just used was performed to produce isolated, pure colonies. There are some

0 create bacterial lawns instead of isolated colonies. The goal is to

cover the surface of the plate with bacteria, as is necessary for doing antibiotic sensitivity tests. Once the
agar is seeded with the unknown bacterium, a paper disk impregnated with antibiotic is placed on the surface.
The antibiotic diffuses away from the disk, with high concentrations nearby and weak levels farther away. If

the antibiotic is toxic to the bacteria, th
fifzone of i nhi biti
growth covers the plate i no zones of
unknown bacteria.

e lawn will not grow where there is a high concentration, leaving a
ono ( a cResisant bacteria arg nosaffecteddythedliughand t h
inhibition! Antibiotic sensitivity testing is common in identifying

Below you will create a lawn and complete an antibiotic sensitivity test, as would be done in the wetlab.

a. Select Nutrient Agar plate o | Pr— = B
from the Media dropdown ' :’ = '
list. Ent er the i " Poter
fo.r the medium. Appearing |Media: Lo - |/ oo
will be a tube of your ‘_ ! | vire

known culture to use for Nitrate Broth Durham Tube 7
.un . ﬁNutrientAgarPlatz /* Dropper
inoculating the amber agar Nutrient Gelatin = &S i
plate of Nutrient Agar. OF Glucose Broth =
OF Glucose Broth with Oil
Nrnithine Nerarhnvvlacs Rrath

b. From the Tool dropdown list, select Sterile Swab. Light your Bunsen burner and right click on the Nutrient
Agar plate to remove the cap of the tube of inoculum and the lid from the agar plate . In the wetlab, you
would not remove the plate lid at this time, but in the Virtual Lab, both are removed simultaneously.

c. Flame the mouth of the tube of

inoculum as you should for any
aseptic transfer. Then, use your
sterile swab to obtain inoculum and
transfer it to the sterile plate. Be
sure to enter and exit through the
mouth of the tube. Squiggle the
swab across the plate surface until
a change in appearance occurs.
This represents completion of the
thorough swabbing of the surface
to spread cells over the entire
surface of the agar.
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d. To complete the aseptic transfer, you need
to replace the cap and lid. Right click on
the plate and a new option appears - a
list of antibiotics to choose from. The iF:
software knows that this is an antibiotic [ Bacwracn2 unis |
sensitivity test because you selected the Qo Bacitracin .04 Units
correct medium and tool for creating a lawn. Novobiocin

\! > .l
L5 Replace capsllids
| Record Results

Select Bacitracin 2U and a paper disk will appear on the plate containing 2 units of Bacitracin. Once the
disk is on your plate, you will be able to again right click on the plate and replace the tube cap and plate
lid. Place the plate in the 37 C incubator and click New Day.

e. Retrieve the Nutrient Agar plate with the Bacitracin

disk from the incubator. Right click and select the Batove canatide

option to Record Results. A closeup of the plate
is provided for interpretation. If there is a zone of Fl Junates :

no growth surrounding the disk, the unknown is

sensitive to the antibiotic and growth was ¥ R T s
prevented at high concentrations. If resistant, the e A oy

lawn grows up to the edge of the disk. What result (ke filletre g

|S Shown here? I INonelecorded

Would this antibiotic be effective for treatment
of awound infected by this unknown
organism?

X Cancel |

f.  Record your results and discard the medium.

6. Open the Identification Matrix. Note that by completing these three
(3) tests [Gram reaction and grouping, DNAse test, and 2U Bacitracin
sensitivity test], the unknown microbe assigned has been identified as
Streptococcus pyogenes. No other bacteria listed among the 120+
in the software gave this collection of results.

a. Click on the ABO0 icon to f iwhdt
are some of the health problems associated with infections
by this organism? Acid from glucose

Alpha hemolysis
Arabinose fermentation =
Arginine dihydrolase -
Bacitracin 0.04U susceptibility -
Bacitracin 2U susceptibility + |+
+

A

Assigned Unknown
I i+ Streptococcus pyogenes

Beta hemolysis
Catalase
Cellobiose fermentation [+]
Citrate Utilization (Simmons) [-1
Coagulase -
DNase at25C + |+
Esculin hydrolysis d
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b. Review the Case Study again (View, Case Study). Clues from
the case study support which of the diseases caused by this

microbe?

7. Complete work on this
unknown by selecting
Unknown, Identify. The

dropdown will indicate the R

only possible ID based on Filk !Unknown Vdew Help

your results.
Uni

Record Resilits  Alt+R

Identify Unknown Microbe - - -l l i I&J
=

Select the identified microbe from the following list:

Buttiauxella agrestis [

Note: Once identification is made, no additional tests may be performed!

Cancel

4

8. Review the lab report when you are done. You may note that many errors not revealed to students while work
is in progress are now posted in the report for your instructor, since you are now unable to complete any more

work on this unknown.
Report.

List below each separate error message (found in red) listed on your Virtual Lab

9. Is it fair to say the software is better able to provide feedback on your skill in the lab than would be an
instructor watching the work of a lab with 20 students? Explain.

10. Print out the Virtual Lab Report and attach it to this completed exercise for submission to your instructor.
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4 BACTERIAL ANATOMY, MORPHOLOGY, AND
ARRANGEMENT
1. Enter the Virtual Lab. C Bacterkal t -h— »( [w IDN
Anatomy 1 from the predefined unknown list found in the Unknown co ) | New o
dropdown box above the Virtual L
Remember: Labels for unknowns you create cannot have e U Sessk,’( [
spaces! Enter a Label: ) 7
Bactanat1
Read through the Case study and observe the Gram stain. Use the BGop: A
. . . . || Bacterial Anatomy .|
image of the stain and information from your text, notes, and other e =
resources to answer the questions below. [Antimicrobials I
2. Circle the correct answer(s) in each instance below, to describe the unknown organism found in the
Gram stain.
Gram reaction: Gram + Gram 1
Morphology: coccus bacillus spirillum other
Arrangement: singles pairs chains clusters other
3. What is the terminology used for the cell anatomy and arrangement observed for this organism?
4. When you do a Gram stain, you use these four chemicals. In the table below, indicate the color of cells in

a smear of this organism after use of the listed chemical during completion of a Gram stain.

Crystal Violet Grambs 1o Decolorizer Safranine

Bacterial Anatomy 1
unknown organism

5.

When bacteria are stained, it is because the stain ions react with cell structures that have the opposite ionic
charge (+ and i are attracted to one another). Use outside resources to find out this information: What cell
structure(s) is(are) stained by the dye to give this organism the color observed?

The difference in color between Gram + and Gram i cells is due to structural differences. Use your text or
other resources to answer this question. Indicate which of the following cellular features would be found
in an organism exhibiting this Gram reaction. (circle the correct answer[s] below)

A. LPS layer present D. flagella with only two rings in basal body
B. peptidoglycan present E. endotoxin present
C. teichoic acids present F. periplasmic space present
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7. Predict the cell wall structure of the unknown, based on the discussion of Gram + and Gram i cell walls found
in your textbook. Draw in the space below the cell wall structure expected for the unknown organism.
Label your drawing with all items listed above that are appropriate for this type of wall structure.

8 Next, click the fANewo button ani
selecting Bacterial Anatomy 2 from the predefined unknowns list
found in the Unknown dropdown box above the Virtual Lab. Label
the unknown ABact Anat 20.

New Unknown Session w

Enter a Label:
Bactanat2
[ Subgroup:
| jBacterial Anatomy 2

Antimicrobials
Aseptic Technique

Bacterial Anatom

Read through the Case study and observe the Gram stain. Use the
image of the stain and information from your text, notes, and other

resources to answer the questions below. ‘ Bacterial Anatomy 2
bpocirion 7
9. Circle the correct answer(s) in each instance below, to describe the unknown organism found in the
Gram stain.
Gram reaction: Gram + Gram i
Morphology: coccus bacillus spirillum other
Arrangement: singles pairs chains clusters other

10. What is the terminology used for the cell anatomy and arrangement observed for this organism?

11. When you do a Gram stain, you use these four chemicals. In the table below, indicate the color of cells in
a smear of this organism after use of the listed chemical during completion of a Gram stain.

Crystal Violet Grambs | o Decolorizer Safranine

Bacterial Anatomy 2
unknown organism

12. When bacteria are stained, it is because the stain ions react with cell structures that have the opposite ionic
charge (+ and i are attracted to one another). Use outside resources to find out this information: What cell
structure(s) is(are) stained by the dye to give this organism the color observed?
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13. The difference in color between Gram + and Gram i cells is due to structural differences. Use your text to
provide info to answer this question. Indicate which of the following cellular features would be found in
an organism exhibiting this Gram reaction. (circle the correct answer[s] below)

A. LPS layer present D. flagella with only two rings in basal body
B. peptidoglycan present E. endotoxin present
C. teichoic acids present F. periplasmic space present

Predict the cell wall structure represented here, based on the discussion of Gram + and Gram i cell walls
found in your textbook. Draw in the space below the cell wall structure expected for the unknown
organism. Label your drawing with all items listed above that are appropriate for this type of wall
structure.

14. Bacteria possess two sets of enzymes involved in peptidoglycan synthesis. One set is responsible for cell
lengthening (elongation enzymes) and the other set is responsible for building the crosswall to separate
daughter cells (crosswall enzymes). Explain how the relative rates of activity of these two systems can
influence the cell shape.

15. At the completion of cell division, autolytic enzymes split cell wall material to allow daughter cells to separate.
Provide a guess on why some species of bacteria occur as pairs and chains.
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16. The arrangement of cells is based in part on the number of planes of division. Cells may divide in a single
plane or in more than one plane. Would the unknown bacterium observed in the Gram stain for
Bacterial Anatomy 2 most likely be the product of division in a single plane, in two planes, or in more
than two planes? What evidence points to this answer?

17. Display the motility
video clip for Bacteria
Anatomy 2 by selecting
Motility from the View
options in the Main
Menu bar.

[View] Hgip
i Identification Matrix Alt+I
Lab Report Alt+L -
Case Study Alt+C |
Sgam Stain
Does the video clip
demonstrate true ki
motility or false
motility (Brownian
motion)? How can
you tell?

18. Draw and label below how flagella are anchored in Gram + and Gram i cell walls.
Gram + Gram -
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19. Even when flagella are present, there can be great variation in the number and arrangement of flagella found.
However, each species is consistent among its cells for number and arrangement of flagella. Draw below
and label these arrangements of flagella possible in bacteria: monotrichous, lophotrichous,
peritrichous.

Monotrichous:

Lophotrichous:

Peritrichous:

20. When you have completed your work, dispose of your culture and print out your Virtual Lab Report for your
instructor. Exit the Virtual lab.
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S GROWTH MEDIA AND PATTERNS OF GROWTH

1. EnterVi rtual UnknownE WNirtuarLabmandséleot@Syoivts from the list of predefined
unknowns. Label the unknown fAgrowtho. Read the Case Study
Use your textbook and the Reference Resources provided in the VUMIE 2012 Help files to complete the
following questions. Your instructor will advise you on whether to check the box allowing autoinoculation.

2. Complex media are those that cannot be created using chemicals from a chemical stockroom. They contain
nutrients that cannot be identified quantitatively or qualitatively (what or how much). Nutrient agar is an
example, as its inclusion of fibeef ext Byatbdtiometia@soot b e
called chemically-defined media) are made by mixing a recipe of chemicals such as you find in a
stockroom. They CAN be described qualitatively and quantitatively (which exact chemicals to use and how
much of each). Such media as glucose salts broth (glucose and prescribed amounts of mineral salts like
potassium phosphate and magnesium sulfate) could be made synthetically, so it is a synthetic medium.

Selective media prevent the growth of some organisms while allowing others to grow. They contain an
inhibitor, a chemical that interferes with growth for some microbes with sensitive structures or metabolism.
Those not sensitive to the chemical grow normally; those that are sensitive do not. This allows isolation and
selection of wanted bacteria without the appearance of colonies of unwanted species. An example would be
EMB agar, which allows Gram negative bacteria to grow well while preventing the growth of most Gram
positive bacteria. Differential media do not prevent growth of microbes, but those appearing may give one of
at least two distinctly different appearances/outcomes based on their metabolic capabilities. For instance a
bacterium using the sugar glucose would make the medium look different from that of a bacterium not able to
use that sugar. To make this obvious, differential media contain an indicator that changes color to alert the
student to the use of the compound. Microbes not using the sugar would cause the medium to have a
different color, and thus be easily distinguished. Tables with positive and negative results for a variety of
bacteria when grown on differential media are very useful for studying the metabolism of unknown bacteria for
the purpose of determining their identity.

Click on t he rdfevbace matevial onthe vafiousnmedia included in =
Virtual Unknown E,avd comptete the thbte defow to provide descriptions for
the following media:

Complex or Synthetic? Selective, Differential, Both, Neither?

Malonate broth

Tryptone broth

KCN broth

OF glucose broth

Mannitol salt agar

Si mmonso6 ci't

3. The bacteria for this unknown are Gram negative rods. Compare the media in the table above with the
dropdown list of media available for conducting tests with Gram negative rods. Which of the media listed in
the table is/are used for isolating or identifying Gram positive cocci?

-25 -



Micro Digital MediaE 2/ e Name:
Copyright © 2012, Intuitive Systems, Inc.

Section:

4. How does the selectivity of mannitol salt agar compare/contrast to the selectivity of malonate broth
with regard to (1) Gram positive vs. Gram negative, and (2) among various Gram negatives?

5. Alllife needs a source of carbon and a source of nitrogen for metabolism. However, different species have
vastly different requirements for the forms those substances take. For instance, plants use carbon dioxide as
their form of carbon. That would not support most other forms of life. Groups of microbes have their own
preference for organic foodstuffs i from methane to crude oil to the same types of substances that support
human life. Likewise, we must get our nitrogen in the form of amino acids obtained from food while some
bacteria use the gas nitrogen straight out of the air. Such diversity in carbon and nitrogen sources is species-
specific, meaning our knowing what is done by an unknown microbe can be compared to tables of test results
to help determine its identity.

Click the fAMOd button to get to the Medianpletetheotabteces and
below:

Carbon Source Nitrogen Source

Phenol red adonitol broth

Malonate broth

Christiansenbo

KCN broth

6. Another substance of importance to many forms of life is oxygen. Cell metabolism falls into two basic
categories i respiration (sometimes called oxidation when oxygen is involved) and fermentation. Oxidative
organisms use the pathways of glycolysis and the TCA (Krebs) Cycle to oxidize foods down to carbon
dioxide, electrons, and protons. The electrons are funneled through the cytochromes and added to protons
and oxygen to make water (an electron and a proton make a hydrogen atom). In the process, ATP is made
through oxidative phosphorylation. Thus, oxidative metabolism involves oxygen.

When oxygen is not available, an alternate pathway called fermentation is often used. ATP is still needed
even if the cytochromes have no oxygen to put electrons into. So, the cell puts those electrons generated
through glycolysis into cell compounds and in doing so generates modest amounts of ATP. Fermenters do
not use oxygen or cytochromes for generating energy.

Some organisms are capable of either oxidation or fermentation, depending on whether oxygen is present.
When it is, they use it through respiration and when it is not they perform fermentation.

It is possible to test whether an unknown organism is an oxidizer or fermenter (or both) by using media with
an oil barrier to keep oxygen out. These tests are called the OF glucose tests, testing whether glucose can
be used in the presence and/or absence of oxygen. OF glucose tests use a differential medium with a pH
indicator that changes from green to yellow if acidic products from glucose use are produced.
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7. Complete the OF glucose tests for your unknown bacterium by inoculating, incubating, and interpreting the
results using OF glucose broth and OF glucose broth with oil overlay.

a. Based on these results, circle below the type of metabolism that best fits your unknown microbe:
Oxidation of glucose Fermentation of glucose Both oxidation and fermentation Neither

8. Another factor influencing growth is incubation temperature. Extremes of heat and cold can slow or halt
growth altogether. Provide examples from your own kitchen of the use of extremes in heat and cold to
slow or prevent microbial contamination of foods.

9. The results of growth can be followed using a spectrophotometer to detect how much light can pass through a
br ot h c ulmobra cellsé&he less light passes through. Resulting growth curves are described in your
text. In a growth curve, the number of cells grows logarithmically (exponentially) until a maximum number is
achieved 1 the maximum number that can be sustained by the medium (called maximum stationary phase).
Growth conditions that are not optimal result in slower rates of growth. Using this info, predict the growth
rates and graph below the expected results after 18 hours for six sterile tubes of an identical medium
inoculated simultaneously with an enteric microbe and incubated at 15 C, 25 C, 35 C, 45 C, and 55 C.

[NOTE: Growth at 35C has already been plotted for this problem. Your job is to plot growth at the
other temperatures.]

O""Q""O

/’ Legend:
s 15C

D5 cteeceecsecees

. 35C = ===

Log of cell number
Q

' 45 C — - = o

’ B5C o r s

3 6 9 12 15 18

Hours of incubation
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6 CONTROLLING MICROBIAL GROWTH

1. Much of this exercise is based on material from your lecture notes, text, and resources from T @
the lab (including the Help filesof Vi r t ual Un k nown E ). Weetfreotbluse | 0 g
these resources to enrich your understanding of how microbial growth can be controlled.

2. Enter the Virtual Lab and select Controlling Growth from the list of New Unknown Section | |
predefined unknowns. Give thi@oul (e — -
spaces allowed in labels for unknowns!). Check the box to allow q| controlgrowth
autoinoculation. When you select your inoculation tool and right [ Soterour: '
click to remove the caps/lid from the tube or plate, the option will 1|| ¥
appear to automatically inoculate your medium, bypassing the Bioo -
manual aseptic transfer process from inoculum to medium. This =
information is shown in the Virtual Lab Report, so only check this
box if your instructor requests you do so. |

3. Controlling microbial growth is of great importance in preventing food spoilage. Each year, more food is lost
to spoilage and insect damage than is consumed by
for food worldwide, we must find ways to prevent food loss. One of the oldest food preservatives is salt. How
does salt control microbial growth and reduce spoilage?

4. Click on the Media references icon (designated by the T @

l etter AiMO) to display the
[ Or, you might want to go

fi N a C Wbaf two media include high

concentrations of sodium chloride for preventing

growth of most bacteria?

5. Adding salt to preserve foods is least likely to be effective against bacteria from which of the
following? (Circle all correct answers)

Bacteria found i n Bacteriafound gnydurskin Bacteria found in your mouth
6. Nitrite is often used as a preservative in cured meats. Sodium nitrite keeps meat looking red and prevents the

growth of anaerobic bacteria like Clostridium botulinum, as well as less dangerous spoilage bacteria.

A test used in the micro lab detects the presence of nitrites as products of metabolism. Some bacteria form
nitrites during a process called anaerobic respiration T electrons are added to nitrate instead of oxygen and
the product is nitrites instead of water. The nitrate reductase test is used in the identification of many
bacteria. Information on the nitrate reductase test can be found by clickingonthe A Td i con.
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a. Which microbes would be more likely to be inhibited by nitrites in food? (Circle)
Oxidizers Fermenters

b. Based on your understanding of the nitrate reductase and nitrite reductase tests, why would the
inclusion of nitrite inhibit anaerobic growth? (this is a hard question!)

7. The potent poison potassium cyanide (KCN) is lethal to humans when ingested. Yet, we find it as a growth
medium for bacteria. Why is cyanide toxic to humans but not to some bacteria? How is it metabolized
by bacteria?

8. List below two culture media employing an inhibitor to prevent the growth of unwanted microbes.
Explain how each inhibitor accomplishes its task and state what microbial group is inhibited.

9. Sometimes microbial growth can be controlled by omitting key nutrients from a medium. Creating selective
media like this is commonly done for making media useful in isolating and identifying target bacteria. For
instance, omitting all carbon sources other than a single, hard-to-use nutrient can prevent growth of some
common bacteria while allowing others of interest to the researcher to flourish. List below two media that
are selective because they contain a sole source of carbon that is not used by all bacteria.

10. Complete all work as assigned by your instructor and close the Virtual Lab.
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7 ANTIMICROBIAL AND CHEMOTHERAPEUTIC AGENTS
1. Enter the Virtual Lab and select Antimicrobials from the list of TR s | o]
predefined unknowns.Label t he unknownYodrant i -
instructor will tell you whether to check the box permitting
autoinoculation. Use the informationinVi rt ual Unkn o wn¥ .
Microbiology and other resources to answer these questions. il
2. Complete the following tests and fill in the table below with the results you recorded in your lab report
for this organism.
Antibiotic or Chemical Zone of inhibition observed? Resistant or Sensitive?
(yes/no) (yes/no)
Novobiocin

Bacitracin T 2 units

Bacitracin i 0.04 units

3.

What is the mode of action for each of these antibiotic chemicals?
- Novobiocin

- Bacitracin

Locate a table in a reference book that lists common antibacterial drugs and their modes of action. Fill in
the table below to indicate whether representatives of each class of antibiotics might be effective for
treating an illness caused by this microbe.

Class Macromolecular Synthesis (or Cell Process) Inhibited (mode of action)

Penicillins and
Cephalosporins

Isoniazid

Aminoglycosides
and Tetracyclines

Macrolides and
Streptogramins

Rifamycins

Quinolones

Sulfonamides
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5. People also have 70S ribosomes in the mitochondria found in nearly every cell. Why do antibiotics that
interfere with ribosome function (and thus protein synthesis) kill bacteria but not the patient?

6. When bacterial DNA is replicated, the closed circles DNA of the two daughter genomes are interconnected,
like links of a chain. How are they separated into two daughter cells? What antibiotics exploit this
process to control microbial growth?

7. Some antimicrobial agents imbed in membranes producing unregulated channels between the cell and its
environment. Based on your understanding of semipermeable membranes, how could a chemical like
this cause the death of the bacterial cell?

8. Continue with testing to identify this unknown organism. What is its identity?

9. What are some common diseases caused by this microbe?

10. Dispose of any media and print out the Virtual Lab Report before exiting the Virtual Lab.

-32-



Micro Digital MediaE 2/ e Name:
Copyright © 2012, Intuitive Systems, Inc.

Section:

8 IDENTIFYING GRAM NEGATIVE RODS

Identifying bacteria is a common activity in the microbiology lab. The process is much like playing the game

ClueE i each time you gather a piece of information, it supports some identities and eliminates others from

consideration. The process continues as you gather more information until only one microbe remains and all
others have been eliminated as possibilities. Thus, identification of microbes is a process of elimination
based on logic and carefully-performed tests to determine the capabilities of the unknown microbe.

The pieces of evidence used in the microbiology lab are your v 5
observations of the shape, morphology, Gram reaction, and Blell@lale :
the results from biochemical tests performed using a pure - % o = "§ % f
culture of the unknown organism. Results are compared to § Blaolala|a]:
. . . . =1 =3 =1 =3 -
tables of known results for all bacteria with similar shape, {? 188 §18l¢g]¢

. . . g o

morphology and Gram reaction to see where similarities and 3|8 jg é jg é g
differences occur. SuchtablesinVi rt ual Unknow s|2|E[5I5[58]2
Microbiology can be accessed b y ¢ | ilderkificatipn i sz [2B55E
Matrixd under the AViewd option Acid from glucose d i+ [+ |+ [+ |+
tests along the left and the microbes still possible (based on Alphahiemolysis = ol 2 | = ] K]l
th It h . ¢ the t E ti Arabinose fermentation - === [==]l= =
e results you have input) across the top. Every time you T . o 3
record atest result, the Identification Matrix shrinks as Bacitracin 0.04U susceptibility i [ O 5
the columns with results that directly conflict with those you Bacitracin 2U susceptibility B () B ] B I
record for your unknown are eliminated from the table. BelbBamayad ol s i el 1= 8 31 K
Microbes with results that agree with those you record cotaase R 2
. g ; y e Cellobiose fermentation g-|=]= = |=
(or that are displayed as [+], d, or [-]) remain possibilities Citrate Utilization (Simmons) d |- |d[-]-]d
and more testing is needed. Coagulase = |gsil= Lells =
DNase at25C + |d [+ -1+ |+ [+

A way of gauging how much progress is being made is to observe
the Virtual Lab Report to see how each test result reported 2 Growth on 10% bile {-} Eliminated {0} Remaining {54}
increases the number of microbes eliminated. Ideally, every test '
conducted would reduce the number of possible microbe IDs in

half (justas eachroundoft he A Mar c hbadketlwhlh e s s «
tournament reduces the number of possible national champions in No errors recorded

ha|f) Smart testing reduces the number of tests needed to 4 Malonate utilization {-}  Eliminated {3} Remaining {45}
provide an identification.

No errors recorded

w

No errors recorded
§ Arginine dihydrolase {-} Eliminared {0} Remaining {45}

The job of the microbiologist is to determine which tests are useful

Recor

Growth in KCN {-}  Eliminated {6} ~Remaining {48} ~Recorded 1

Recor:

Reco

for skillfully reducing the number of possible identities until only a o S 4"7.‘0"“:’””’?”‘ o B
single name remains. That name is the identity of the unknown i e daninil Sl demegie
the only microbe with test results identical to those you recorded. 6 ervors recorded

1. Open the Virtual Lab and obtain a new unknown. Sel ect AENt "New Unknown Session i

[er a Labelt
gramnegativerod
Subgroup:

Baci |flomwthe&Exercise Topic or Subgroup dropdown box and
provi de t hggramnepatinerodd i esi mMice all ent

the software are Gram negative rods. Read the Case Study and record
the Gram stain results.

2. Move the Virtual Lab to the right side of your screen.
Select the Identification Matrix from the View dropdown + (e Help
box. Resize the matrix and place it to the left of the Virtual e
Lab. ) 8

Alt+L - ;

ns

Your setup should look like this:
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| 5] Identification Matrix ﬁ)‘— el I VOMIE 2012 - mcmfangw ) B
¥ File Unknown View Help
L | [ 1 Inoculation  Contamination
s =N (o o e [ ot petn z
3 Tool: “:2 Pointer ~ | Reagent: | <selectreagent> - B4 Virtual Day: 1
s |3
c |2 e s
HIHRH
B8 (5|8 |E|% (% ‘
52 |8 |8 |8 |88 (3
@ £ o -3 -3 =1 i F
221818|8(8(818
|Adid from glucose + [+ [+ [+ |+ [+ [+ [ & ‘i'
Adonitol = = = = F s - i _
Arabinose fermentation + 3 + [+ |+ [
\Arabitol - + + o+ - = A
\Arginine dihydrolase - d [H |+ [H[H/d -
Cellobiose + |+ |+ |+ |+ |+ |d
(Citrate Utilization (Simmons) + o+ o+ o+ [#H -+ L
DNase at 25C - - - - - - =3 —
Dulitol fermentation - - - [d .
[Escuiin hydrolysis Fd = [+ |- |- |- f
Gas from glucose + |d + o+ + 4+ 4+ - ‘_"
Gelatin hydrolysis at 25 C - - - - o )
Gram Reaction - - - - - - - |
(Growth in KCN M4 [+ |[d [+ [+ [+ | f
Hydrogen sulfide (TSIA) - - - 1-1-1- 14 i
\Indole production - + |+ |-
Inositol - - = -
jLactose + [0 |d |d |[d [ [d | [f
Lipase (corn oil) + [+ |+ 3 5 z d s .
Lysine rboxyl - - - - = 3 —
Malonate utilization d + + o+ - [ 4 -
Maltose fermentation + o+ o+ + o+ 4+ 4+ =
Mannitol fermentation + |+ [+ [+ [+ |+ |+ o
Mannnea farmantatinn + + + + + + +
™|
Symbols: + (90-100% of strains are positive); [
d (26-75% positive); [-] (11-25% positive); -

3. Itis not possible to see all tests or organisms in the matrix at this point - too many columns, too many rows!

However, the number of possible IDs for your unknown microbe can be reduced significantly through the
results of a few standard tests that are the starting point when tackling the identification of Gram negative
rods. As you record results for these tests in the Virtual Lab, you will quickly see columns disappear as

bacteria with conflicting results are eliminated from the matrix. These basic tests leave you with a
manageable number of possibilities that can be pared down by a few obvious tests to give you a definitive ID.
Consulting the ID Matrix and Help files to learn how to perform the tests gives you a fair shot at completing

the ID quickly and easily.

4. A good starting point would be to use the Help Files, particularly
thefi Sh ow MeTo M dfiles related to identifying bacteria.
Work through the Help files and you will find a recommended
approach to get started on the ID process for identifying your
Gram negative enteric bacillus. What tests would you perform
initially to start you on your way?

-34 -
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Oxidase and O-F glucose help distinguish between fi n ofne r me n {likee the Bseudomonads) and the
enteric organisms foundinVi r t ual Un Kiorobioiogy. If you had a true unknown in a test tube rather
than one generated by the software, these tests would be among the first attempted to help determine which
tests to undertake next i those for non-fermenters or those for enteric organisms. Why are the Oxidase and
O-F glucose tests of no practical value for identifying your virtual Gram negative enteric bacillus?

For fun, click on Unknown and select
Record Results. We are going to
assign results without doing the tests
just to get a feel for the way the ID
Matrix responds to your input of
results. Find i | n d onltleedist of
tests and record the result
fiPositived. Watch as the number of
columns is reduced by the results you
enter.

Next, repeat this process to record
results (you decide whether to
assign + or -) for Methyl Red, Voges-
Proskauer, Citrate Utilization,
Lactose Fermentation. What
happens to the matrix?

Virtual Unknown Microbiology :

r 3

8 [Unknown View Help

{Inositol fermentation

Lactose Termentation
Lipase (corn oil)

Record Test Results

Test:

fIndole production

@) Positive

Observations:

(") Negative

[

I

How many unknown microbes remain? What test(s) would you do next to cut that number of possible

organisms in half?

Try changing the result for Indole from positive + to negative -. What does this do to the matrix? How is
this information helpful to you if you have recorded a test result incorrectly?

10. Print out the lab report and hand it in to your instructor.
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9 OXIDASE AND O-F GLUCOSE

The oxidase test chemically detects the presence of the terminal cytochrome (also known as cytochrome
oxidase) in the electron transport system (ETS). Cytochromes are complex proteins that participate in the
disposal of electrons taken from molecules as they are oxidized in metabolism. Cofactors like NAD and FAD
transport the electrons to the membranes where they are deposited in the cluster of cytochrome proteins. There,
electrons are moved single file until they are put into a final electron acceptor by the terminal cytochrome. This
process generates energy for driving ATP production in the cell.

In aerobic respiration, the final electron acceptor is oxygen, which is combined with the electrons and protons to
make water (two electrons and two protons and ¥2 O, make H,0). In anaerobic respiration, the final electron
acceptor is another inorganic molecule i nitrate or carbonate or a sulfur compound i and the final product is
something other than water. The reason humans need air to survive is so that a final electron acceptor
(oxygen) is supplied for aerobic respiration. The reason why anaerobic organisms can still participate in
respiration is because they use one of the alternate final electron acceptors instead. The reason why some
bacteria are able to live with or without oxygen is because they can switch in between final electron acceptors
based on what is available at the time. In the oxidase test, the oxidase reagent serves as a substitute final
electron acceptor and changes color when electrons are added by cytochrome oxidase.

O-F glucose represents a less specific, but equally important test for knowing the metabolic patterns of an
unknown organism. The test is really quite simple. Bacteria are placed in a complex medium containing glucose
as a carbon source and an indicator that changes colors based on pH of the medium. If the bacterium can use
the sugar glucose, acid products accumulate and the pH will drop and the medium will turn from its neutral green
color to yellow. Two tubes are used i one with the medium exposed to air and one with an oil overlay to prevent
air from entering the medium. In this way, a microbe can be tested for its ability to use the sugar in the presence
and/or absence of oxygen. The results label the organism as an oxidizer (with air), a fermenter (without), or both.

In this exercise, you will learn how to conduct these tests in the Virtual Lab. The mechanism for conducting them
in the wetlab is very similar.

1. Open the Virtual Lab and click New to select Enteric
Bacillus from the topic or subgroup list, then
provide it with the name OFoxidase. Read through
the case study and provide a Gram stain
interpretation to enter the Virtual Lab.

New Unknown Session

Erter & tabel:
Qoo

UDGroup:
| AEntJeric Bacillus

2. Clickonthed T 0 iand@eatect the Oxidase Test
from the Help files. Read through the test material
to familiarize yourself with how the test is performed.
How does the method for performing this test
differ from most other Virtual Lab tests?

PICUIG. | STt T

o
wn @] Help
~ . N . oF Identification Matrix Alt+I [
3. GO. to the n.V'e.WO option Lab Report Altsl —
Oxidase Video. Appearing will be a results input o Cace sty aneC Ly

box and a popup video showing the Oxidase test
being performed.

Gram Stain

Oxidase Video
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4. The test begins by collecting microbial growth using  This is transferred to a paper strip impregnated with
a non-metallic instrument. Oxidase reagent.

5. Use information from the Help files to guide your
interpretation of the results. Record the results.

6. Open the I D Matrix and | ocat
Note that the result you recorded is shown and that no
bacteria with directly conflicting results remain in the matrix.

7. Close the ID Matrix and open the Virtual Lab Report. Note
the recording of the result you entered for the Oxidase test
and mention of the number of microbes eliminated by this
information. Was this test useful in your ID of the
unknown? Explain.

8. Now we will take a look at the O-F glucose tests.
a. Select OF glucose broth from the Media list. Label the tube
AOFglud. What pH indicator is responsible for its green
color?

b. Selectthe i wi rfrendthe Tool menu. Using a loop would
tear the agar added to the medium to reduce saturation with
oxygen, preventing its use to follow sugar use in anaerobic
conditions.

- 38 -
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OF Glucose Broth with Oil
Ornithine Decarboxylase Broth
Phennl Rad Adnnitnl Brath

m

o
Tool: | ® J Pointer ¥ | Reagent:
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Perform an aseptic tube-to-tube transfer of inoculum from the culture tube of unknown to the sterile OF
glucose medium. Be sure to flame the inoculating wire and the mouths of the tubes before and after the
transfer is made. If you need help with this process, refer back to the exercise on tube-to-tube transfers,
the Tutorial for the software, or the fiShow Me How Toé 0 Help files. Remember that you can monitor
your success in performing a good aseptic transfer by following the progress of the traffic signals in the
upper corner above the Virtual Lab.

Once the OF glucose broth tube has been inoculated, place it in the 37C incubator.

Next, select OF glucose with oil from the
Media list and label the tube AOFgluOILOo.
The sterile medium that appears has an
overlay of sterile mineral oil. Autoclaving

drives all oxygen out of the agar and the oil Media: |<selectmedimz M
prevents it from seeping back in. Only OF Glucose Broth 0
bacteria that can use glucose in the LOF Sucose Brothwithol
absence of oxygen will be positive for Ornithine Decarboxylase Broth

this test.

Inoculate this medium as you did the other OF glucose medium and place it in
the 37C incubator. Click New Day to complete incubation of the two tubes. ]l WkelDagia

Remove the OF glucose broth tube from the incubator and record the result. Then dispose of the
medium. Remove the OF glucose broth with oil overlay tube from the incubator and record the result.
Dispose of the tube. What results did you record for these two tests?

OF Glucose: + - OF Glucose with Qil Overlay: + -

Based on these results, is use of glucose by this unknown dependent on the presence of oxygen?
Yes No

Which of these best describes this unknown? (Circle)

Oxidizer Fermenter Oxidizer and Fermenter depending on presence of O,

Dispose of any remaining media. Print out your Virtual Lab Report and attach it to this exercise for
submission to your Instructor. Then, exit the Virtual Lab.
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10 TRIPLE SUGAR IRON AGAR

One of the most informative tests done for the identification of Gram negative bacilli is the Triple Sugar Iron Agar
(TSIA) test. This medium contains three sugars (thus the name) and an iron compound for detecting hydrogen
sulfide production. The medium is an agar dispensed into a test tube, sterilized, and tilted to solidify on a slant. It
contains the indicator phenol red to detect pH changes resulting from sugar use. Thus, itis a differential
medium. The TSIA test will allow determination of whether glucose is used, whether gas is produced
during the process, whether hydrogen sulfide is a product of metabolism, and whether either lactose or
sucrose can be used (though it does not tell which disaccharide sugar is used).

If glucose is used by the unknown bacterium, acid products are generated in the butt of the tube and change
the pH indicator phenol red from its normal red color to yellow. The slant may remain red or turn hot pink.
However, if both glucose AND either lactose or sucrose (or all three) are used, the entire tube may be changed to
yellow. Such a conditi on waeid oder beedoidyellewcstarnt tverd yeliows buft. It would not
be possible for a bacterium to use lactose or sucrose without also using glucose, so glucose use (and a yellow
butt) represents the minimum typical basic sugar metabolism possible for bacteria that can use sugars.

Some bacteria produce gases like carbon dioxide during sugar digestion. Gas production results in either
cracks in the agar or its movement from the bottom of the tube toward the mouth of the tube. Hydrogen sulfide
production results in the appearance of black discoloration of the agar due to the production of iron (ll) sulfate
(FeS) when the gas interacts with the iron compounds included in the medium. Thus, a variety of color changes
and alterations of the media are possible, providing a wealth of information central to identification of unknown
Gram negative bacteria.

A previous exercise included a discussion of the oxidase test and O-F glucose for studying oxidation and
fermentation by bacteria. Non-fermenters detected with the O-F glucose test would also be incapable of
using glucose in TSIA, resulting in a hot pink butt instead of the yellow that would appear if the glucose was
metabolized to produce acid products. Thus, many labs prefer to begin the identification of an unknown Gram
negative rod by inoculating TSIA. The color of the butt can help determine whether an enteric bacillus or a non-
fermenter is present.

Practice with inoculation and interpretation of TSIA will help prepare students for identifying Gram negative bacilli.

1. Open the Virtual Lab and select Media Tests 1 from the list of | v Unirou sesson. ===
subgroups of unknown organisms. Provide the Unknown gyt
| dent i f i ReadthiioMjh théCase Study and interpret / |
the Gram stain. This organism is Escherichia coli (E. coli), ‘b
one of the more infamous enteric organisms.

2. Select Triple Sugar Iron
agar from the Media list.
Label thetubefit si a o .
Appearing in the Virtual Lab
will be a tube of inoculum
and a TSIA agar slant.

Media: 1 <select medium > v

Phenol Red Sucrose Broth -
Phenol Red Trehalose Broth

Phenol Red Xylose Broth

Phenylalanine Agar

Simmons Citrate Agar Slant

Spirit Blue Agar Plate

(L

s smbmemm Dendle
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3. Right click on the Bunsen Burner to
light it. Then, select the inoculating
wire from the Tool list (TSIA contains
agar!). Flame your wire. You may
review Tube-to-Tube transfers via Help
or a look at a previous exercise.

4. Right click on the TSIA tube to remove
caps. Flame the mouths of the tubes,
then use the inoculating wire to transfer
the inoculum from the unknown culture to
the sterile TSIA medium. Be sure to
monitor success of the transfer with the
traffic signals at the upper right. Discard
the medium and repeat the selection and

Name:

Section:

Record Results

inoculation of TSIA until you correctly
complete the aseptic transfer.

5. Place the tube in the 37C incubator and
click ANew Dimculhated T
TSIA tube out of the incubator and note
its appearance. Right click on the tube
and setectdiAResul ts

= -1 culum Flamed
Remove capslids il

"j Pointer v | Reagent:

‘“‘D Pointer

/ Loop

| tsia l

6. A closeup of the TSIA tube is provided with fields
for you to input results for (1) hydrogen sulfide
production, (2) gas from glucose, and (3) acid
from glucose. Why does it make sense that no
fields are provided for recording whether
lactose and/or sucrose are also used?

7. The image shows the red medium has been
changed to uniformly yellow, and cracks have
formed as the agar has been pushed up from the
butt of the tube. Interpret these observations and
record the results in the software. Record the
results observed in the software and in the
table below.

-

A Dropper

Inoculation Contamination

Remove capsilit

Record Results

r
Record Test Results

Hydrogen sulfide (TSIA):
(7) Positive

Observations:

Acid from glucose:

Observations:

Gas from glucose:

(©) Positive

Observations:

() Positive  (7)

(7) Negative (7 N

() Negative

Negative (©

) No result

() No result
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8. Open the Identification Matrix and note that the 2|2 3
. . a [} [ = o
results are displayed in the left-most column. If 18 a|a|_|S|S|2|5|8
you have the ID Matrix open while you record 28|18 5]5 2|25
. . . . = o - c [ 0 v e kvl
your results, columns for bacteria with conflicting B35 (8(8 (8|8 |%|5|5|2
) . S [eEafean ke
results have disappear with each result recorded. 3|2 |8|3|8|8|8|8|8|2
i 2 lgle 1o g
|Gas from glucose + |+ d + |+ |+ |+ |+ |+ [+
|Gelatin hydrolysis at 25 C - - - - - - - - =
9. Once you have recorded your results in the table }gfam;eac’:g: i EE = |2
. |Growth in + [+ + + |+ [+ = |
belqu, repeat the TSIA test with the three . Fydrogen sulfide (TS1A) i i -
additional unknowns (Media Tests 2, Media findole production_ + |+ |- [+ (@
Tests 3, and Media Tests 4) and add the results
Organism Acid from Gas from H,S
glucose (+/-) | glucose (+/-) | production
(/)

MT1 71 E. coli

MT2 i Enterobacter agglomerans

MT3 1 Salmonella typhii

MT4 1 Proteus vulgaris

10. Which of the four microbes is/are not likely to be positive for lactose or sucrose use? Explain

your reasoning.

11. Which (if any) produce H,S?

12. Dispose of all media and exit the Virtual Lab.
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11 IMViC SERIES

The IMVIC series is a collection of four biochemical tests that provide important information for identifying enteric
bacteria 1 bacteria that ferment glucose and are frequently associated with the gastrointestinal tracts of animals.
The acronym is derived from the names of the four tests: indole, methyl red, Voges-Proskauer, and citrate.

The combination of the results of the four tests quickly reduces the number of possible identities to a manageable
number of related organisms. It is not uncommon for the number to be reduced from the original 70+ to less than
a dozen after these results alone are input into the software.

The indole test looks for the production of indole, the chemical that gives feces its typical odor. Bacteria that are
indole positive have enzymes that can digest the amino acid tryptophan to produce indole. The Methyl Red test
detects the products of glucose metabolism, particularly whether a mixture of acids are produced that drop the
pH of the growth medium to below pH 4.5 (known as mixed acids fermentation). Voges-Proskauer looks for
production of a molecule called acetoin (acetylmethylcarbinol), a neutral fermentation product from glucose.
Acetoin is a neutral metabolic product, so enteric bacteria are typically positive for one or the other (methyl red or
Voges-Proskauer) but not both. Citrate test determines whether the unknown can use citrate as its sole carbon
source for growth. The results of these four basic tests are central to identifying enteric organisms.

In the exercise below, these tests will be performed and the results studied.
1. EntertheVi rt ual UnknownE WNirtwarLabmndséleotdgdiasTests 1 (MT1) from the list of
predefined unknowns. This organism is Escherichia coli. Your instructor will advise you on whether to

check the box permitting autoinoculation.

2. Complete these tests following the instructions provided.

Indole Test
a. Select Tryptone broth from the ‘Media, ;<selectmedium> =
Media list and perform a tube-to-tube Phenol Red Sucrase Broth -

Phenol Red Trehalose Broth
Phenol Red Xylose Broth
Phenylalanine Agar
Simmons Citrate Agar Slant
Spirit Blue Agar Plate
riple Sugar Iron Agar

transfer from the unknown culture.

b. Inoculate and place the inoculated
tube in the 37C incubator and click
fNewDayd t o incubate
Remove it from the incubator.

Tool: “D Pointer > R

c. Select the dropper from the Tool list
andthenlocateKovacobds r e
from the Reagent list. This chemical |/ Loop
is added to the overnight culture of Wi
unknown to complete the indole test.

"D Pointer ;
Reagent: l<selectreagent>

<select reagent>

Remove capsflids

Record Results

Q  Mannifiar

d. Remove the tube cap and position
the dropper over the mouth of the
tube. Click once to dispense the
Kovacds reagent ir
instant change in the tube should
occur, indicating a reaction between
the reagent and indole in the tube.

Reagent Kovacs successfully added.
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e. Ri ght <c¢click on Redod Resulse .
A closeup of the culture appears to help with
interpretation. If you need help understanding with
this test, click the ATOG
from the list. Record your results in the software
and also in the table on page 41. Discard the
media.

f. There are several biochemical tests in this software
(and in the wetlab) that are conducted in the same
manner i inoculate the medium for the test,
incubate overnight, and then add reagents that will
react to the presence of the chemical being tested
for with a color change that reveals its presence.

Methyl Red Test

a. Select MRVP broth from the Media list and
perform a tube-to-tube transfer from the unknown
culture.

b. Place the inoculated tube in the 37C incubator and
c | i Nek Dayo ihcabate the culture overnight.
Remove it from the incubator.

c. Select the dropper from the Tool list and then
locate Methyl Red reagent from the Reagent list.
This chemical is added to the overnight culture of
unknown to complete the methyl red test.

d. Remove the tube cap and position the dropper over
the mouth of the tube. Click once to dispense the
Methyl Red reagent into the tube. An instant
change in the tube should occur, indicating a
reaction between the reagent and mixed acids in
the tube.

e. Ri ght <c¢lick on Redorl Réesultsé.
A closeup of the culture appears to help with
interpretation. If you need help in understanding
this test, click MethgRed T ¢
test from the list. Record your results in the
software and also in the table below. Discard
the medium.

f. What pH indicator and conditions (pH range)
are responsible for the color change shown?
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Methyl red:

Observations:

Reagent:
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Voges-Proskauer Test

a. Repeat the procedure just performed for the Methyl Red test, as the Voges-Proskauer (VP) test uses the
same medium (MRVP broth) as the Methyl Red test. Inoculate the tube of MRVP broth and incubate
overnight at 37C. Remove the culture from the incubator.

b. As with the Methyl Red and Indole tests, root: [# poner e ]
select the dropper from the Tool list. For the 1§ | St — =
VP test, you must add two reagents i - 0 Reagent Barmits Asticcessfully added.
Barritt's A and Barritt's B. SelectBar r A [ 2 a

and add it to the culture tube. Then select B oo
B a r r B and adlcsit also. After addition of -

Message

B a r r B, & dolérghange to red signifies the . =

presence of acetoin in the culture medium. 0 e T e
In the wetlab, this color change may take half
an hour. Here, it happens instantly.

c. Right click on RedopelResults&. t oAsel es¢u@ appears to h
need help understanding with thi s-Proskasertestfoomthelist. t h
Record your results in the software and also in the table below. Discard the medium.

Citrate Utilization Test

a. Perform a tube-to-tube transfer of inoculum from the unknown culture to a Simmons Citrate agar slant.
Incubate the culture overnight at 37C, and then remove it culture from the incubator.

b. There is no need to add reagents to this test. If the unknown microbe can use citrate
as its sole carbon source, it will grow on the slant and the medium will turn from green
to blue. Any other result is a negative result.

c. Right click on RedpelReésultsé&. t oAsel eseéu@ of
to help with interpretation. I f you ne
icon and select Citrate Utilization test from the list. Record your results in the
software and also in the table below. Discard the medium.

3. Repeat the above assignment by conducting these same four tests for the different microbes assigned for the
following unknowns: Media Tests 2 (MT2, Enterobacter aerogenes); Media Tests 3 (MT3, Salmonella
typhii); and Media Tests 4 (MT4, Proteus vulgaris). These can be selected from the list of predefined
unknowns. Fill in the table with the results for all four microbes.
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Indole test:

Methyl red test:

Voges-Proskauer test:

Citrate utilization:

-47 -



Micro Digital MediaE 2/ e Name:
Copyright © 2012, Intuitive Systems, Inc.

Section:

Use the table, the HelpfilesinVi r t ual Unk no wn E , ad teerinfobniation iroyguy textbook and
laboratory manual to answer the following questions:

4. What is the product being detected in a positive indole test? Where does it come from?

5. Whati s the chemical compeagenta i on of Kovacos

6. Why does the Ko v a ceagent float atop the broth culture?

7. What metabolic products are being detected in a positive methyl red test? Where do they come from?

8. Predict the expected result for the methyl red test of an organism that cannot ferment glucose.
Explain.

9. What is the product being detected in a positive Voges-Proskauer test? Where does it come from?

10. What is the chemical composition of the reagents used for the VP test?

Barrittoés A

Barrittos B
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11. What is the metabolic ability being detected in a positive citrate test?

12. Why is areagent unnecessary for completing the citrate test? How is citrate utilization detected?

13.The I MVi C results are often presented as a fipackageo a
For instance, common enteric bacterium E. coli most often yields the results [++--], where the tests are
presented in the order of indole, methyl red, Voges-Proskauer, and citrate. Give the patterns for the other
microbes tested:

E. coli

+ + - -

Enterobacter aerogenes

Proteus vulgaris

Salmonella typhi

14. Dispose of any media and print out any Virtual Lab Reports requested by your Instructor before exiting the
Virtual Lab.
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12 CARBOHYDRATE FERMENTATION TESTS

One of the most useful types of metabolic tests for identifying bacteria is the carbohydrate utilization test.
Bacteria are placed in a medium containing a sugar and pH indicator and incubated overnight. If the bacterium
can use the sugar, acid products form that change the pH indicator color. Using this system, a variety of sugars
can be substituted in the same basic complex medium to test the abilities of an unknown organism. It is not
uncommon for several sugar fermentation tests to be included in the battery of tests conducted in an
identification.

Below you will practice inoculating, incubating, and interpreting the results for sugar fermentation tests for bacteria
(as done in the Virtual Lab).

1. EntertheVi rtual UnknownE NirtwarLabmandséleotdlpdiasTests 1 (MT1) from the list of
predefined unknowns. This organism is Escherichia coli. Your instructor will advise you on whether to
check the box allowing autoinoculation.

2. Complete the tests listed in the table below and record the results in the software AND in the table.
Note that information about the media used can be acce
the tests can be access e Rectwrdtheadsultcykuobsgrveanrthe softveare,fafdd i c on .
answer these questions as you proceed:

a. What medium is used for determining production of acid and gas from glucose?

b. What is the mediumbés initial color?

c. What chemical is responsible for the color?

d. What color change indicates a positive test result? Provide an explanation for the color change in
a positive test.

e. What is the initial pH of the medium?

f. Estimate the final pH of the medium in a positive test.

g. What is the purpose of the Durham tube?
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3. Repeat the above assignment for the different microbes assigned for each of the following predefined
unknowns:
Media Tests 2: MT2, Enterobacter aerogenes;
Media Tests 3: MT3, Salmonella typhii; and
Media Tests 4: MT4, Proteus vulgaris.

For each, perform the tests listed below:

Fill in this table with the results for all four microbes. Print out and attach the Virtual Laboratory
Reports for all four microbes:
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Acid from glucose:

Gas from glucose:

Lactose fermentation test:

Sucrose fermentation test:

NOTE: For many of these tests, these four bacteria show more similarities than differences. Do not be
alarmed if all bacteria share the same capability for using a sugar. Differences will emerge with more
tests being performed over a broad range of sugars.

4. Use this table, the fiTOReference LibraryinVi rt ual Unk nown E , avd teerinfobmiatimn iro yguy
textbook and laboratory manual to answer the following questions:

a. All four bacteria were able to metabolize glucose, but not all produced identical results for the other

sugars. If all four bacteria were able to metabolize glucose, explain why all four were not able to
metabolize lactose and sucrose.
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b. How many carbohydrate fermentation tests are supportedinVi rt ual UnknownE?Mi crobi

c. Negative tests indicate the sugar was not metabolized to produce acids. How can growth be
accomplished in a carbohydrate test medium when the sugar is not metabolized?

d. Both phenol red glucose broth and OF glucose broth can be used to determine whether glucose can be
metabolized. How are these two tests similar and how do they differ?

e. Predict the results for the TSIA slant for each of the four bacteria tested above, based on their
sugar fermentation patterns.
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Color of TSIA Slant:

Color of TSIA Butt:

Cracks in (or Vertical Displacement of) Agar:

5. Dispose of all media in use. Print out your Virtual Lab Report before exiting the Virtual Lab.
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13

AMINO ACID METABOLISM

Not all foods supporting microbial growth are sugars. Often, proteins supply the carbon and nitrogen needed for
growth. They are digested extracellularly by proteases into amino acids that can be transported into the
microbes and modified to enter common metabolic pathways for energy production and to provide amino acids
and other small molecules for growth.

Several biochemical tests for identifying bacteria focus on the metabolism of amino acids. Below are those tests,

presented to enable practice and further understanding.

1.

Use the VUMIE 2012 reference library, your textbook, and your lab manual to provide information on the

tests, media, and reagents required to complete this assignment.

EntertheVi rt ual UnknownE MNirtwarLablandséleotdgdiasTests 1 (MT1) from the list of
predefined unknowns. This organism is Escherichia coli.

check the box permitting autoinoculation.

Complete the tests listed in the table below, recording the results for E. coli. They are automatically
Information on how the tests are accomplished and
above

recorded in the Virtual Laboratory Report as well.

interpretedc an be found by clicking the ATO

a. Arginine dihydrolase test, lysine decarboxylase test, and ornithine decarboxylase test use similar

media and are performed in the same manner.

b. Phenylalanine deaminase test uses a different type of medium and is performed in a different manner.

con

Repeat the above assignment for the different microbes assigned for each of the following Textbook

Exercises:

Media Tests 2: MT2, Enterobacter aerogenes;
Media Tests 3: MT3, Salmonella typhii; and
Media Tests 4: MT4, Proteus vulgaris.

Fill in the table with the results for all four microbes. Print out and attach the Virtual Laboratory Reports

for each of the four microbes:

Your instructor will advise you on whether to

Test

E. coli
Media Tests 1
Enterobacter

aerogenes
Media Tests 2

Salmonella

typhii
Media Tests 3

Proteus vulgaris

Media Tests 4

Arginine dihydrolase test:

Lysine decarboxylase test:

Ornithine decarboxylase test:

Phenylalanine deaminase test:
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Below are some questions relating to the amino acid tests used for bacterial identification:

5. What ingredient is responsible for the initial color of lysine decarboxylase broth?

6. How does this ingredient allow detection of the metabolism of lysine by the microbe? Why must this

test be observed at 24 and 48 hours?

7. Indicate your observations for lysine decarboxylase broth during a positive lysine decarboxylase test:

Color of medium

Indicated pH of

medium

Medium Ingredient Metabolized

Uninoculated broth

NA

Observation at 24 hours

Observation at 48 hours

8. Below are the structures for lysine and ornithine. Complete the chemical reactions for each, showing the
products of the enzymes in positive decarboxylase tests and labeling the products:

NH, (Lysine)
I

HT7T Ci CH,1 CH, 1 CH, T CH, 1 NH; »

I
COOH

NH; (Ornithine)
I
Hi Ci CH,i CH,i CH,1 NH;
I
COOCH
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9. In contrast to the decarboxylase and dihydrolase media just used, phenylalanine agar for the phenylalanine
deaminase test is similar in appearance to routine culture media like nutrient agar. How can this medium
without a colored indicator be useful for detecting metabolism of phenylalanine?

10. Why must reagents be added to the phenylalanine agar slant after, rather than before, incubation?

11. List the two reagents added to complete the phenylalanine deaminase test, and explain how each
contributes to the determination of phenylalanine deamination.

12. Decarboxylases remove carboxyl groups. This enzyme, however, is a deaminase. With this in mind,
complete the reaction below to show the structure of the product of phenylalanine deaminase, and
provide its name.

NH; (Phenylalanine)

|

Hi Ci CHyi (CeHs) — *
|
COOH

13. How might deaminases be central to the use of peptides or proteins as the sole source for carbon and
energy for bacteria and other organisms?

14. Dispose of any media and print out your Virtual Lab Report before exiting the Virtual Lab.
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14 IDENTIFYING GRAM POSITIVE COCCI

As mentioned in Exercise 8,

fdéntfyng bactérig is amcpmn®n activity Mi¢hg at i v e

microbiology lab. Like the game ClueE , each time you gather a piece of information to solve the mystery, you
gather some information that supports some identities and eliminates others from contention. In the lab, the
process continues as you gather more information until only one microbe remains and all others have been
eliminated as possibilities. Thus, identification of microbes is a process of elimination based on logic and
carefully-performed tests to determine the capabilities of the unknown microbe.

The pieces of evidence used in the microbiology lab are your
observations of the shape, morphology, Gram reaction, and
the results from biochemical tests performed using a pure
culture of an unknown organism. Results are compared to
tables of known results for all bacteria with similar shape,
morphology and Gram reaction to see where similarities and

differences occur. SuchtablesinVi rt ual Unknow
Microbiologycan be access ddntificgtiorc | i
Matrix0 under the AViewd option

tests along the left and the microbes still possible (based on
the results you have input) across the top. Every time you
record a test result, the Identification Matrix shrinks as
the columns with results that directly conflict with those you
record for your unknown are eliminated from the table.
Those microbes with results that agree with those you
record (or that are displayed as [+], d, or [-]) remain
possibilities and more testing is needed.

A way of gauging how much progress is being made is to
observe the Virtual Lab Report to see how each test result
reported increases the number of microbes eliminated. Ideally,
every test conducted would reduce the number of possible
microbe IDs in half (just as eachroundoft he A Mar ch
basketball tournament reduces the number of possible national
champions in half). Smart testing reduces the number of tests
needed to provide an identification.

The job of the microbiologist is to determine which tests are
useful for skillfully reducing the number of possible identities
until only a single name remains. That name is the identity of
the unknown i the only microbe with test results identical to
those you recorded.

1. Open the Virtual Lab and obtain a new unknown. S e | e Gram Hositive
Coccuso from the Exercise Topic or Subgroup dropdown box and

Enter a Label:
the CRGI[Gemosscas>

provi de t hgrampabeoncusof.i e rRefa d
record the Gram stain results.
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Staphylococcus awicliarss

Assigned Unknown

Acid from glucose

Alpha hemaolysis

|+ | Staphylococcus capit's
|+ | Staphylococcus caprae
1 + | CtanbudAananniie Anarnacie

1|+

Arabinose fermentation

Arginine dihydrolase

[*}
+

Bacitracin 0.04U susceptibility

| RR R Macrococcus caseolyticus
|+ LR+ | Staphylococcus awreus

Bacitracin 2U susceptibility

Beta hemolysis

Catalase

Cellobiose fermentation

I+ i+

Citrate Utilization (Simmons)

Coagulase

+

DNase at25C

2 Growth on 10% bile {-}

No errors recorded

R At
I
LR |4+
|
|
il i1l

+
|
i
¥

Eliminated {0}  Remaining {54} Recor

3 Growthin KCN {-} Eliminated {6} Remaining {48} Recorded 1

No errors recorded
4 Malonate utilization {-}

No errors recorded
§ Arginine dihydrolase {-}

No errors recorded

6 Phenylalanine deaminase {+} Elimi

No errors recorded

Eliminated {3} Remaining {45} Recor.

Eliminated {0} Remaining {45} Reco

ining {40}

d{5} R

New Unknown Session

H Subgroup:

R
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2. Move the Virtual Lab to the right side of your screen.
Select the Identification Matrix from the View dropdown + [ Fielp
box. The matrix will fill the screen. In the upperrightisan | T
icon allowing you to either resize or minimize the ID Matrix 4 :
. . . | Lab Report Alt+L °
to the tray below the lab. Resize the matrix and place it to
the left of the Virtual Lab. Your setup should look like this:

| 2 3 3
| | Identification Matri  —— = | Vi own Microbiology : mcmfangw’ Ew@u
NEile Unknown View Help
[ 1 [ation Contamination
Unknown: New dh ] l New = IMeda <select medium> - !
Tool: ":', Pointer v |Reagent: |<selectreagent> - Virtual Day: 1
8
g
= “
A 3
s|E (2|8 (8|2 2 s
S lE|m (& |2 |5 |8 w5 [1
2 la|lalg(s|z|5 (2|5 |5 |4
S5(z2(2|2|2(2|B |8 |5 |2|[:
S8 |8 (EB|8|2|8 (8|3 ]|:
7y |G e R e e e e | e e B
zlelelzlz|2l2|3|2|2]
S i I e - B - B
Acid from glucose [+ [+ [+ [+ [d |d + |- |[[+a
Alpha hemolysis i el - o - 2 I 2 I r
Arabinose fermentation B[+ [-[d {+ |d |d |d [[ [+H
Arginine dihydrolase - = |+ |+ |+ |- - |+ |H
Bacitracin 0.04U susceptibility + = = |= |# &= |# [= |d
Baditracin 2U susceptibility + + [+ |+ |+ -
Beta hemolysis = = I = o :
Catalase + = 1= = | & |=#= |&
Cellobiose fermentation + |d @ MM (3 |- |d [d [T
Citrate Utilization (Simmons) - - - |+ |+ = = =
Coagulase - = =
DNase at 25C - - =
Esculin hydrolysis + |+ [+ [d - |d dia
Fructose fermentation + d d d d + [+ |+ [+ [+
Galactose fermentation d 41 [0 d = +
Gelatin hydrolysis at 25 C + d [H - + - +
[Glycerol - |+ |+ |d + - |+
Gram Reaction + |+ [+ |+ [+ [+ |+ [+ [+ |+ |+
Growth at 45 C + o+ + + =
Growth on 10% bile - 4+ |+ + [
Growth in 6.5% NaCl + 4 |+ [+ [+ [+ |+ |+ |+ [+
Growth on 7.5% NaCl - 03 d [+ + [+ |+ d
Lactose fermentation + [H |+ H
Maltnea farmantatinn + 1o 1d 14 _Td T+ 1o T2 1o T3
<l '
Symbols: + (90-100% of strains are positive); [+] (76-8
d (26-75% positive):; [-] (11-25% positive); - (0-10% p|

3. ltis not possible to see all tests or organisms in the matrix at this point - too many columns, too many rows!
However, the number of possible IDs for your unknown microbe can be reduced significantly through the
results of a few standard tests that are the starting point when tackling the identification of Gram positive
cocci. As you record results for these tests in the Virtual Lab, you will quickly see columns disappear as
bacteria with conflicting results are eliminated from the matrix. These basic tests leave you with a
manageable number of unknowns that can be pared down by a few obvious tests to give you a definitive ID.
Consulting the ID Matrix and Help files to learn how to perform the tests gives you a fair shot at completing

the ID quickly and easily.

4. A good starting point would be to use the Help Files, particularly the § Quick Start Tutorial
AiShow Me Hofiles ralated to identify bacteria. Work through e e What
the Help files and you will find a recommended approach to get started gco Tests —
on the ID process for identifying your Gram positive coccus. What & Incubate and Interprat Tests :
& Identify Unknowns How i,

tests would you perform initially to start you on your way? & Begin Bacteral Identification. | ¢
&> |dentify Gram Negat nten
& |dentify Gram Positive Cocci
&> Use the Identification Matrix
&> Choose 3 Test to Perform What
&> Declare the 1D of My Microbe addec
&3 Lzb Report inverts
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evaluating growth characteristics on 5%
sheep blood to detect presence of enzymes
that destroy and digest blood cells and heme.
Find the Help file information on blood
hemolysis to learn more about this test. What
are the three possible results for the test?

Just for fun, click on Unknown and select
Record Results. We are going to assign
results without doing the tests. Find Alpha
Hemolysis or Beta Hemolysis and record a
result for one of these as positive. Watch
as the number of columns is reduced by the
results you enter. Why would growth
characteristics on blood agar be an
important start for identifying bacteriain a
hospital lab?

e
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Section:

&> Growth in KCN (4
&> Hemolysis on Blood Agar

&> Hydrogen Sulfide Production Ti
&> Indole Production Test

&> Inositol Fermentation

&> Lactose Fermentation Test
&> Lipase (Comn Oil) Test

&> Lysine Decarboxylase Test
&> Malonate Utilization Test

&> Maltose Fermentation Test
&> Mannitol Fermentation Test

Hemolysis on Blood Agar

What is the purpose of the test?

This test provides information on w
with red blood cells, it is possible
hemoglobin inside.

-
"% Virtual Unknown Microbiology : memf

File |Unknown| View Help

New
Identify
Record Results Alt+R

Unki

Rez

Repeat the manual input of test results for the bile esculin slant. Record both as positive. Note the change

in the number of columns as these results are entered. Why are positive results with bile esculin
important information toward understanding the normal ecology of the organism being tested?

8. What would be the next test you would perform on the unidentified Gram positive coccus to help

provide a quick identification?

9.

Print out your Virtual Lab Report and submit it to your instructor.

10. In the exercises to come, you will use the same logic with real test results to identify unknown Gram positive

COCCi.
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