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[1naH goknaaa

— Kak Mbl 0OHapyXunun, 4to Mbl nopaxeHob! J1yron
— Kak Mbl BEpHYNu KOHTPOSb Hag nabom

— Teopvm B3aNMHOIO 3alrpA3HEHUA
IKCNEPNMEHTAllbHOIro Mmartepuaria

— [lovemy Jlyna Takas 3apasHaa?
— Yenoseyeckne noMoLHnkM Jlynoi

— Ecnu nogospeBaelub, YTo 3apaxeH Jlynon —
YyToO Aenatb?
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How we discovered that
Lula was among us



Luciana was
studying DNA
replication
Intermediates




Intermediates in DNA \
replication in vitro

DNA replication is semi-
discontinuous...
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Marians et al.



Intermediates In DNA
replication
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Increasing preincubation time
at 42° C
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The second DNA ligase In
Escherichia coli

A Mucleotidy!
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Verl Sriskanda and Stewart Shuman, A second NAD+-
dependent DNA ligase (LigB) in Escherichia coli Nucleic
Acids Res. 2001 December 15; 29(24): 4930—4934.

Thus, IMW replication
Intermediates are not
due to LigB activity.

-Lacks BRCT domain and two of
the four Zn binding cysteines
(essential for nick joining)

-Not much in vitro activity
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"HToObI eLLe Takoe g8
caenatb c AligB &
MyTaHTOM?"




Sensitivity of ligB mutants to
DNA damage
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Korga Tebe kaxeTcs, YTO XU3Hb
HakoHeLl, Tebe ynblibHyNnace...

Ha camom gene oHa 31opagHo yXMblfigeTcs. ..



Ilnsnc kynbTyp: cnea
“lNepyaHckoro ®ara’

— Rare, so was ignored for some time.

— Then | started teasing Luciana with this
“Peruvian phage”, because nobody else in
the lab was experiencing this.

— However, then partial lysis was noticed —
Infections were not that rare.

— Eventually, Luciana noticed that only the WT cultures were lysing, as if
the AligB mutant was resistant to the phage.

— Naturally, the AligB mutant was first suspected and then confirmed to
carry the prophage, while the WT cells were sensitive to its lytic infection.



“lNepyaHckun dar’ npeBpallaeTcs
B “OperoHckoro gara’

— Luciana suspected that her DNA sensitivity phenotypes were due to the
prophage, rather than the ligB defect. | thought it unlikely, knowing A.

— She separated the prophage from AligB and indeed found that the
lysogens were DNA damage sensitive, while “clean” AligB mutants were
not. P1 transduction would move the phage, too, but not at 42° C.

— | thought that the “Peruvian” prophage was cool, but Luciana was
disgusted and did not want any piece of this contamination.

— However, since she noticed that prophage moves from strain to strain
by P1 transduction, she analyzed her strain constructions and traced the
source of her contamination back to one of my strains that | constructed in
Oregon and brought with me.

— Thus, the “Peruvian phage” turned into an “Oregonian phage”.



3apaxeHue NpPoeKkToB| |
y Apyrux nopnen

— JlycmnaHa npoBepuna BCce CBOU LWUITaMMbl Ha 3apakeHue 1 Hallana eLe
HECKOJIbKO 3apae€HHbIX.

— TyT yX BCcA naba bpocumnack NpoBepATLCA Ha 3apaxkeHne “OperoHcKum
[Mpodharom™. Bce okaszanocb AOBOSIbHO NeYarbHO. ..

— HeKOTOpre NPOEKThbI Obinu 3apa’K€Hbl NMO4YTU NOJTIHOCTbHO, B TO BPEMA KakK

apyrue npoekThl (y Tex xe niogen) He noctpagann. CpegHenabopaTopHbIn
YPOBEHb 3apakeHHOCTU Obin nopsaka 10%.

— B ocHoBHOM npodrar nepeasurancs P1- TpaHcayKunen, Ho nspeaka
nonaganucb 1 crnydam NpamMoro 3apakeHusi, BeposaTHO Yepe3 COBMECTHOe
HakaymBaHue.

— OTOOT MHUMAEHT C paroM MeHA CUNbHO CMYLLIAm, TaK KakK g BblLLES N3
“@arosoin Nabdbl” 1 gomkeH 6bin 3HaTb “Takne Bewn”. Ho y dpaHka 4
paboTtan Tonbko ¢ “nambaon” n HM4Yero NoAodHOro HMUKOrga He BCTpeyarn.



[ pyCTHbIV KOHeL
HeBecenon nctopmn?

— When | asked Frank whether he new there
was a nhon-Lambda prophage contamination
of at least one strain in his collection, and it
was capable of spreading by P1 transduction,
he told me he was NOT interested to hear

the detalls.

— | felt this was the lowest part of my career:

— | did not know what to do besides the damage control measures
like buying filter tips and reconstructing contaminated strains;

— Students openly ridiculed me, because, in their opinion, | was
supposed to recognize prophage contaminations early on;

— My own advisor made it clear it was some kind of a taboo.

— On the bright side, | was naturally interested in the “Oregonian phage”,
but who would volunteer working with “contamination”?



Kak Mbl BEPHYIN YTEPSAHHbIN
KOHTPOsb Ha4 nabopatopuen

KEEP

CALM

AND

TAKE
CONTROL




[ lcuxmyeckme acnekThil,
MeluatoLme bopbbe C
3arps3HeHnem

— lNMcuxonornyeckoe oTBpalleHue.

— Bbuo-3arpsizHeHue = 3apaxeHue.

— KTo 6anyeTcsa ¢ 3arpAA3HeHueM, NnaykaeTcs cam...



Ella was
studying the
chromosomal
abnormalities

INn AsegA

mutants

Certain parts of her project were
heavily contaminated by the
“Oregonian prophage”, although,
luckily, no conclusions were
iInfluenced by it.
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Enna 6bicTpo ycTaHoOBMNA
pa3max 3arpa3HeHus

“clean” “contaminated
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Jnna caenana
“3apa3y’” cBOUM

I |
£35%¢
nUTOMLIEM s f8§
— Like me, she thought that phages were cool, especially if they
were unknown.This phage was definitely not lambda by its immunity.
5 E
S ®©
S m
— Ella purified DNA of the phage and found that its restriction pattern é’ ‘:;
was (expectedly) different from Lambda. e
— Seguencing from the ends of the cloned fragments revealed that g"’
the phage had no strong homology to anything published at that time, :‘gi
but some weak homology to some lambdoid phages. ;-_-;.._.

— S0, the contamination was a temperate lambdoid phage.

|



Kak Ha3BaTb
3apa3sy?

— No names were coming from students, so half-
jokingly I started calling the phage "Lula", which
combines the names of both Luciana and Ella.

— Neither student liked the name, and it took time to
be accepted. “A perfect name for exotic dancer”.

— Lula means "squid"
In Portugese, and |
found comparisons of
phages with squids |
especially appropriate.




A TyT eLue...

— | was not sure about where the Lula characterization was going or
whether the story is publishable at all.

— In the meantime, Ella was diligently checking all the incoming strains
for prophage contamination.

— She found a few, coming both from individual labs, as well as from the
E. coli Genetic Stock Center.

— We felt better about it, — we were not the only ones contaminated after
all!

— However, the surprising finding was that all patterns of genomic
digestion of contaminant phages from various sources matched the one of
Lula!

— So Lula was infecting E. coli collections across the country!



HykneoTtunaHas
nocnenoBaTeslbHOCTb
Nynbl

— At this point we decided to sequence Lula.

— Lula turned out to be a close relative of phi80
— a long-forgotten lambdoid phage from the 60s
and 70s.

gl6 Ueeqeq [0 266 [yI12 bicine

— phi80 was found Iin Japan and at one point was o Iien 09
almost as popular as Lambda.

— Lots of Lambda-phi80 hybrids were generated.

— At that time, phi80 sequence was
"undetermined” (only a few short fragments were
In the database) but we started asking around.



Lula = phi80

— Eventually, Sherwood Casjens (Utah)
said that Guy Plunkett Ill should have it.

— Guy used to be with Blattner, but Fred
already closed his lab at Wisconsin. Luckily
for us, Guy was still around, and even still
had access to his old sequencing gels!

— It turned out that they have sequenced
phi80 many times over, because they used
It to test their new sequencing protocols.
But never published the sequence.

— Anyway, Lula and phi80 turned out to be
identical, — down to a single bp!




Lula/phi80 genome &
overall layout
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Lula/phi80

o E oFE G o
» T e » QoEw _ o Q= £
=< MmO w N> T = S '-Ela.‘é'ig'ﬁﬂ%g’iz 6 On AQcCOweo<
Dy mmp b ) D) H) 1)) ) 5 H prmmmmp pp mpy p mp | (CECE G E G0y pad DI BB
0 4000 8000 12000 16000 20000 24000 28000 32000 36000 40000 44000
- -
Head Tail Legs Att Rec Reg-Rep Lysis
= m -
5 E =0 °*ag—— %_o° g =,
< MO W N> T a_ = 8 £ 5.0'2229.’ S6 Oa En.own:.a
»—»-»-»-»»»»»—»»»—»w» a0 b Sh »-»-»-m»»»» »
" 4000 8000 12000 16000 20000 24000 28000 32000 36000 40000 44000 48000

Lambda

The overall genome structure was surprisingly Lambda-like, although real
homology — 70% to lambda, 80% to N15, was restricted to the head/tail region.



Lula/phi80 control region

Lula-phi80
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The reason for this remarkable layout conservation?




— the specificity determinant was HK022/HK97/T1/N15
mixture, with a significant human homology (two genes are
“human”)!

— Thus, Lula contaminated not only the E. coli collections

across the US, — it actually penetrated the human genome
databases!




Ilyna npwxunack B nadax

— We may see messy lab benches here, but for Lula it is a livable habitat.

— But then, how does it do it? Is Lula the only organism that can defy our
controls over the laboratory environment?



The theory of cross-contamination



OpraHu3mbil
npucnocobneHsbl K \
CBOeM Cpeﬂ,e O6MTaHMH BeiknBaHme: cnocobHOCTb

[obbiBaTh pecypcbl Ans

PasmHoxeHue:
BbiBEEHME NOTOMCTBA

PacnpocTtpaHeHue:
3aBOEBaAHNE HOBbIX HULL



Apantauns = BbKUBaHue +
Pa3MHOXeHne + pacnpocTpaHeHune

survival reproduction ‘
l \ spread

Survival: the ability to secure
resources for growth.

Reproduction: the ability to

leave progeny. Spread: the ability to
settle in new niches



JlabopaTopus Kak cpeaa
oOuMTaHuda?

— JlabopaTopHble OpraHn3mbl HE KOTPOSTMPYIOT CBOM POCT, Pa3MHOXEHUS
N nacnpocTpaHeHne — No3aToMy fnabopartopusi 4Nng HUX He SIBNAETCS
cpegown obutaHus.

— DKcnepuMeHTaTop caM KOHTPONUPYET adanTauuio
aKCnepuMeHTanbHbIX OPraHN3MOB.




JlabopaTopusa TaKk ycTpoeHa
4yToObI KaK pa3 HE ObITb
cpenoun oontTaHus

_— ... precisely
' | by denying
a chance to
adapt to it!



How to prevent Life from turning
laboratory into an environment?

Protocols
— growth limited in time (temporal)

— growth limited in space (growth vessels)

Homogeneity (restriction to a particular strain of experimental organism by...)

— seeding with individual organisms, colonies, etc.
— checking phenotypes

— monitoring growth characteristics

Barriers to cross-contamination

— separate and closed growth vessels
— single-use manipulation tools

— sterilization

— frequent verification



Example: preventing co-habitation

Yellow Bacteria
colonies

HeathProO2 pectin culture growth after 60 hrs. .



A MOXXHO N BoODOLLIe NpeBpPaTUTL
nabopartoputo B cpeny
obutaHma"?

— Cross-contamination that
IS not recognized as as such
may allow unauthorized

growth, multiplication and :
spread for a significant B
period of time.




Example #1: cross-contamination,
which 1s not immediately apparent

In ecology terms, this is

— Cross-contamination of clinical "spread to new niches"

samples with the positive-control strains
of pathogenic bacteria is a well-known,
if under-appreciated, challenge for
testing laboratories.

Fermanagh

"false outbreaks"



Lab spread tricks
learned

1. Experimental material
mimicry.

2. A careless tech or grad
student is your best
friend.




Example #2: mycoplasma
contamination of cell
cultures
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— Conservatively, at least 30% of all cell
cultures are contaminated.

— In some countries, this number goes up
to 90%.



Lab spread
tricks learned

— Commensals go unnoticed

copyright © Ed Robinson, 2000

— Lab protocol free-riding




Example #3,
HelLa cells

— Cross-contamination in cell culture 1s quite common, because of mimicry.
— However, one particular contaminant stands out.

— At least 10% and may be up to 20% of all cell lines out there are either
contaminated with HeLa cells or are HeLa cells.

— Although the problem was discovered in 1967, it 1s only worse today...

— Thus, HeLa cells multiply and spread in the lab, using it as environment.



Lab spread tricks learned

— Covert productivity (based on mimicry).

— Spreading through aerosol.



Example #4, easily the most
disturbing one

— We thought that Lula cross-contamination may still be
unique because it is:

— a contamination of rapidly-growing bacteria, which
are hard to cross-contaminate with something other than
related bacteria (because of fast growth)

— a cross-contamination with a phage (a virus).

— Then we learned that cross-contamination with
uncharacterized viruses in cell cultures is pervasive, but
tends to be ignored until something really bad happens.



Nothing Is new under the
Sun...




So, how do our barriers to
cross-contamination stack up
against the tricks of spread?

Spread tricks

Barriers to cross-contamination

— experimental material mimicry in

— separate and closed growth | conjunction with faster replication
vessels 3
@© OR
: . : o
— single-use manipulation tools @ _ Experimental material
— sterilization | commensalism (again, with faster
replication)

— frequent verification of — spreading through aerosol

phenotypes and growth
characteristics

— lab protocol hitchhiking

check &
discard

— sneaking in during new strain
— going back to collection * construction




Characterization of Lula



We decided to
learn tricks of
Lula's spread

— By characterizing
several aspects of
Lula's infection,
having Lambda as a
negative control.




Lysogeny test

Spotting of
supernatants of
saturated cultures

Non-lysogen — gasi
Lula/Lambda lysogen — p=Sas
Lula lysogen — lutesssssiss

Streak of Lula -1 I
Streak of Lambda
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The temperature gradient
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Lula L

Lambda |




UV killing
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Phage/cell ratio
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Stability in saturated cultures

Lula

Lambda
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Creatures that spread in the
lab should be resistant to
either earosolation or
desiccation

— Many laboratory procedures,
Including all types of handling of
liquid cultures, generates aerosols.

— Try to find references for these
"common facts".

— Back in 1940s it was documented
that shaking cultures, opening
microtubes and pipetting are all
aerosol generators.

— The worst culprits, in fact, are ...




Why orbital (rotary) shakers,
rather than reciprocal ones?




The challenge of
Sma” drOPIEtS Survival of phages in aerosols

Q X original phage titer

|

O
£
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— Surface tension;

Remaining phage titer

— desiccation

o 100%
humidity in chamber i



Resistance to aerosolation




Summary of
our findings-1

A priori, generic qualifications for
cryptic horizontal spread in the
laboratory environment should include:

1) stability against
aerosolation/desiccation, as acrosols are
likely to be the major horizontal spread
mechanism in the laboratory;

2) either experimental material
commensality or mimicry, to hide the
non-sanctioned growth;

3) stealthy infectivity — efficient
infection of diverse non-contaminated
materials with a minimal subsequent
evidence of contamination.

Cambda Characteristics Cula/phi80|
A. Infection decision:
. lysis vs. lysogeny
0

J

lysogeny

. D +—B. Lytlc development —
at 37°C (lab. temp.)
fast ' O slow
p
Y
A\ l l ‘ﬂf':?;tled umg;-lal:ted U
SRR oe)
T J s _)’
Vil

Obvious lysis «+—— Consequence of A + B ——» Stealth infectivity

C. Infection of
stationary cells

Lytic induction
spontaneous
NA damage

U‘ﬁ:

Low titer «—— Consequence of C + D — Covert productivity
PEEPIPIIIPTIDS

Virion titer in
lysogen cultures

e
® (10e4) (10e8)$g
o®

@@@@@@@@@@




Summary of
our findings-2

Additional qualifications for survival via

horizontal spread in the laboratory, which we,

a posteriori, can identify as:

4) covert productivity — continuous
production of the agent by the contaminated
research material to the highest possible level
which is still inconspicuous, achieved via
crude synchronization of replication of the
agent with the one of the research material;

5) stability against the distinct challenges of
the laboratory environment (like survival in
saturated cultures);

6) “protocol hitchhiking” — facilitated
spread of the agent via common laboratory
practices and protocols.

Characteristics Lula/phi80

A. Infection decision:
lysis vs. lysogeny
0

J

lysogeny

. D +—B. Lytlc development —
at 37°C (lab. temp.)
fast ' O slow
p
Y
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Obvious lysis «+—— Consequence of A + B ——» Stealth infectivity

C. Infection of
stationary cells

Lytic induction
spontaneous
NA damage

U‘ﬁ:

Low titer «—— Consequence of C + D — Covert productivity
PEEPIPIIIPTIDS

Virion titer in
lysogen cultures
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DAMN, I HAD MY F-PLASMID
/@% READY AND EVERYTHING!
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Rotman 2003




The Human Accomplices
of Lula




The socilal factors

1. The tragedy of the commons (carelessness (blissful
ignorance), contamination aversion (pride)).

2. Blaming the victim (unknowingly).
3. T1 scare

4. Unwillingness to accept responsibility (waiting for the
scapegoat)

5. Lack of vigilance. The Cassandra syndrome.



1. The tragedy of the commons

Shared facilities — the primary battleground of the spread.

Curators of the shared facilities are the ones that are in a
position to observe, react to and document the
contamination.

Multiple users do not share common practices, sensitivities
to contamination.

— Carelessness (blissful ignorance)

— Contamination aversion (pride)



2. Blaming the victim

— "Contaminated" users have lysogens, — therefore their
strains do not lyse.

— "Clean" users have non-lysogens, — therefore their
strains tend to lyse in contaminated central facilities.

— Those whose strains lyse are presumed to have "dirty
cultures" and are blamed for their problem by exactly the
culprits that bring in the contaminated strains (which do not
lyse — thus, giving their owners "immunity" from suspicion).



3. T1 scare

— Lula lysogens are resistant to infection with a lytic bacteriophage T1,
with whom phi80 shares the receptor, FhuA (TonA).

— Thus, it is likely that many ton (T1-resistant) mutants isolated early on,
when T1 was perceived as a problem, were in fact Lula lysogens. The
T1-scare helped spread Lula contamination early on.

— Ironically, it is also likely that some of the Lula-caused infections were
misidentified as T1 infections, exaggerating the scare.

— The current evidence for this is ongoing infection of BAC libraries with
"T1-like" phages that definitely behave like temperate (non-lytic) phages.

http://bacpac.chori.org/phage testing protocol.htm

Underlving Lawn

http://www.empiregenomics.com/resources/faq/131-t1-

phage-information > With a phage contarninated clone the

http:/Aww. lifesciences.sourcebioscience.com/clone- ”flderl-“ng la'“a’;: 1;:111 belysed where the
products/image-/source-bioscience-lifesciences-gene- EONE Was Slredre

sets/phage-contamination/phage-testing-assay.aspx



http://bacpac.chori.org/phage_testing_protocol.htm

4. Unwillingness to accept responsibility:
Contribution Games clarify the situation

— ... A cousin of the Prisoner's Dilemma (PD), called the Contribution Games (CG)
described by Rasmusen (2007), shows why people are often unwilling to accept
responsibility and do something about it.

— In the CG, two parties have a choice of accepting responsibility or avoiding it.
The nature of the game reflects the idea that taking responsibility is a public good.
Once someone takes a responsibility, everyone benefits from it.

— According to CG, one party is willing to make the contribution or accept the
responsibility, but (s)he prefers that someone else does it. Thus, mutually avoiding a
responsibility is mildly destructive, while accepting responsibility together has a
small net payout. However, having the other party accept responsibility when the
first party does not is clearly the best option — it avoids tainting one’ s reputation.
Hypothetical payouts for this CG game:

B accepts B avoids
A accepts 3/3 1/5
A avoids 5/1 -1/-1

Reputation = 2
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parties, and each party uses the ©

same probability of avoiding the

responsibility, the probability that an d Waltl n g fOr th e
any one party avoids the

responsibility increases Scapeg Oat

asymptotically toward 1 as N
increases.

— In other words, the more
people involved with the problem,
the lower is the likelihood that any
one person or party will accept
responsibility and hence do
something about it. (Taboo)

— Rasmusen makes clear the
lesson:

"A situation like this requires
something to make one of the s o = . i
pure-strategy equilibria a focal P W e e e e BN
point. The problem is divided

responsibility. One person must S C A P E G 0 A T

be made responsible ..."

The Secret To Success Is Knowing Who To Blame




4. And why were we chosen to

be responsible?

SCAPEGOAT

A Good Scapegoat Is Nearly As Welcome As A Solution To The Problem

— We study DNA
repair, and Lula
makes cells DNA
damage sensitive;

— We grow our cells
at 28° C, the optimal
temperature for Lula
lytic development;

— Our main shakers
are reciprocal ones;

— We know how to
work with phages;

— Lower aversion to
“contamination”?



5. Lack of
Vigilance

— Just because you do not

want to be paranoid about it,

does not mean that Lula is
not around..
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PARANOID ENOUGH?




5. The Cassandra
syndrome

WIKI: The "Cassandra syndrome" is a term
applied in situations in which valid warnings
or concerns are dismissed or disbelieved.

IMax Klinger 1857-1920: Kassandra. Photo ®Maicar Forlag-GML
T .
- a 4
4 -
P RyE ‘

:

w

SO'WEPUT A PHAGE IN YOUR !’fHAGE S0YOU
CAN PHAGE HUNT WHILE YOU:PHAGE HUNT!




Helpful Hints



What can be done to minimize cross-
contamination and spread of Lula/phi80

— When handling Lula cultures, use aerosol barriers:
— filtered tips for pipets.

— Cotton plugs for the flasks (on flasks or tubes

with metal or plastic closures, seal tops with Parafilm).

— Avoiding reciprocal shakers will reduce aerosols (even though aeration
will suffer).

— To inhibit Lula lytic infection, use 42° C incubation as much as
practical. This works both during culture incubation and plate incubation
(for example, after P1 transduction).

— To kill Lula virions, grow E. coli and other enterics in the presence of
0.1% SDS. If growth in the presence of SDS is impossible, at least add
SDS to the spent culture medium and wash all the culture vessels with
strong detergents.



What can be done to stop
cross-contamination and
spread of Lula completely

— Check all your existing strains and
P1 lysates for Lula contamination.

— Dispose of the identified lysogens
and rebuild the lost strains (if needed).

— Check any new strain that is to be
deposited into the collection, whether
Imported or built in the lab, for Lula
contamination (takes several hours).

— Stop using shared facilities.






Helacyton gartleri

Due to their ability to replicate indefinitely, and their non-human
number of chromosomes (HeLa cells have a modal chromosome
number of 82, with four copies of chromosome 12 and three
copies of chromosomes 6, 8, and 17.), HeLa was described by
Leigh Van Valen (Department of Ecology and Evolution at the
University of Chicago) as an example of the contemporary
creation of a new species, Helacyton gartleri, named after
Stanley M. Gartler, who Van Valen credits with discovering "the
remarkable success of this species."

His argument for speciation depends on three points:

* The chromosomal incompatibility of HeLa cells with humans.
* The ecological niche of HeLa cells. Stan Gartler
* Their ability to persist and expand well beyond the desires of human cultivators.

It should be noted that this definition has not been followed by others in the scientific community, nor,
indeed, has it been widely noted.

As well as proposing a new species for HeLa cells, Van Valen proposes in the same paper the new family
Helacytidae and the genus Helacyton.
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