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Preface 
 

Use or Function The MicroLumat Plus is a universal microplate luminometer de-
signed for all bio- and chemiluminescence measurements using 
96-well and 384-well microplates.  

Due to the use of up to 3 injectors, the measurement procedure 
can be adapted precisely to the chemical processes of the assay. 
Different software is available for various fields of application. 
This software is either running on the built-in microprocessor or 
on an external PC (Windows program) which controls the meas-
urements and calculates the results. 
 

Special Instructions  
and Precautions  Official regulations concerning the installation and/or operation of 

luminometers must be observed.  
The manufacturer has undertaken everything to ensure safe op-
eration of the instrument (regarding the electrical, electronic and 
mechanical components). The user has to make sure that the in-
strument will be set up and installed properly to guarantee safe 
operation. In particular, this applies to: 
 
Electronics 
Use only a shockproof socket that is protected against overload 
current including connected grounded conductor. 
Caution! During measurement, the photomultiplier is carrying high 
voltage. Always remove the power cable before servicing the sys-
tem. 
Connect only instruments (printer, PC) including interfaces that 
are classified as safely separated according to IEC 950. 
 
Mechanics 
The microplate may be transported only when the instrument 
cover is closed. During measurement, the cover is locked by a 
mechanical locking device.  
Caution! If you try to open the cover, you may get your fingers 
squashed.  
 
Tubing systems and fluid bottles 
Make sure that liquid does not get into the sample loading com-
partment and measurement chamber. If this happens, clean 
these parts immediately to prevent corrosion, conglutination or 
other damages. 
Make sure that no solid objects, e.g. glass splinters or screws, get 
into the sample loading compartment and measurement cham-
ber. Otherwise, you have to abort a running measurement and 
remove these objects. 
Also make sure that the tubing system is installed properly and 
secured by screws. 
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Maintenance and Cleaning  
To ensure the operator’s safety as well as the correct perform-
ance of the instrument we suggest that you carry out the tests 
and maintenance routines recommended by the manufacturer. 
Maintenance and cleaning of the instrument are described in de-
tail in section 11 Service Routines. The injection system has to be 
cleaned every time after use. The air filter should be replaced 
once a month, depending on how dirty it is. The injector tips or 
the mains fuse have to be replaced only if necessary. All spare 
parts needed can be supplied by BERTHOLD TECHNOLOGIES, 
All maintenance and service routines above and beyond those 
mentioned in this Operating Manual must only be performed by 
service technicians authorized by BERTHOLD TECHNOLOGIES. 
 
Transport  
Transport the instrument only in the original packaging used by 
EG&G Berthold which matches the volume and weight of the Mi-
croLumat and protects sensitive parts, e.g. injector connections. It 
is recommended that two people carry the instrument, holding it 
with both hands at the bottom edge. 
 
Using chemicals 
Please observe the manufacturer’s instructions when using 
chemicals. In accordance with EC recommendations, hazardous 
products are identified by danger signs, warnings and safety ad-
vice. This information usually appears on the product labels or in 
the catalog. If a warning sign is missing, this does not mean that 
a product is not hazardous. If products are not subject to the EC 
recommendations, local regulations for handling chemicals have 
to be observed. 
Chemicals have to be disposed off in compliance with local regu-
lations and national laws. 
BERTHOLD TECHNOLOGIES does not accept responsibility for 
the use of chemicals. 
 
The proper use and handling of the instrument requires that the 
operating personnel be familiar with this Operating Manual. 
Please read it carefully before starting up the system - even 
though the operation of the instrument may strike you as rather 
simple. Moreover, all persons using the MicroLumat must be in-
structed about its function and proper use. 
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What you find in this 
Operating Manual The MicroLumat Plus Operating Manual is organized as follows: 
 
Chapter 1 includes a general description of the use and function of the  

MicroLumat Plus.  
 
Chapter 2 describes the design and the principle of operation of the  

MicroLumat Plus. 
 
Chapter 3 describes how to start up the MicroLumat Plus.  
 
Chapter 4 explains the structure and handling of the software of the stand-

alone version.  
 
Chapter 5 describes how to set up parameter protocols and explains the 

various protocol types. 
 
Chapter 6 describes how to run measurements. Following a discussion of 

the essential procedure, the individual measurement modes will 
be reviewed in detail. 

 
Chapter 7 describes the prime and wash functions of the injector system. 
 
Chapter 8 explains the measurement of 384-well microplates. Both how to 

set up parameter protocols and how to run a measurement are 
shown in detail 

 
Chapter 9 shows how to define the data output formats for processing the 

measured data on external computers. 
 
Chapter 10 describes how to run the robot version of the MicroLumatPlus. 
 
Chapter 11 summarizes the maintenance routines that can be carried out by 

the user. 
 
Chapter 12 lists the technical data of the MicroLumat Plus. 
 
Appendix includes application examples for measurements running on the 

stand-alone version of the MicroLumat Plus, an index and data 
sheets 
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1. Use or Function 

The microplate luminometer MicroLumat Plus combines in a 
unique way  

♦ maximum sensitivity 

♦ extremely low crosstalk and  

♦ programmable reagent injection. 
 
The MicroLumat Plus is designed for all bio- and chemilumines-
cence measurements using 96-well and 384-well microplates. 
Software is available for various fields of application. This soft-
ware is either running on the built-in microprocessor or on an ex-
ternal PC (Windows program) which controls the measurements 
and calculates the results. 

Due to the use of up to 3 injectors, the measurement procedure 
can be adapted precisely to the chemical processes of the assay. 

Luminescence reactions with “flash-type” kinetics, as encoun-
tered, for example, with acridinium ester or luminol labels, require 
automatic injection of the trigger reagent into the sample while the 
sample is in the counting position. On the other hand, there are 
reactions with “glow-type” luminescence, the best known example 
being the continuous glowing of dioxetane compounds over sev-
eral hours. With this type of application, adjacent sample posi-
tions may be “glowing” at the same time; the extremely low 
crosstalk of the MicroLumat Plus is, therefore, very important. 

Multi-phase measurements can be run, as required, for example, 
in ATP-measurements for sterility tests, taking into account an ex-
traction time after the first injection. 

With a short counting time, the complete measurement of all 96 
positions of a microplate takes less than two minutes. 
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1.1 Application 

The MicroLumat Plus is the ideal system for the following applica-
tions: 

♦ All types of immunoassays (LIA, ILMA, ICMA), including glow 
luminescence on the basis of dioxetane. See also the exam-
ples in Appendix A.1 and A.4. 

♦ EIAs based on the activity of the alkaline phosphatase or per-
oxidase.  

♦ DNA hybridization assays for the detection of pathogenic mi-
croorganisms and viruses. See also the examples in Appendix 
A.3. 

♦ All applications of the (coupled) ATP measurement via the 
luciferin-luciferase system. See also the examples in Appendix 
A.5 to A.7, sequential reactions, for example.  measurement of 
an internal standard. 

♦ All applications of the (coupled) NAD(P)H measurement via 
bacterial luciferases. 

♦ Reporter gene assays via the reporter gene: firefly luciferase, 
aequorin, β-galactosidase (lacZ), alkaline phosphatase or glu-
curonidase. See also the examples in Appendix A.8; Dual re-
porter gene assays can also be measured. 

♦ Cellular luminescence (phagocytosis assay). See also the ex-
amples in Appendix A.2. 

 
 
 

1.2 Detection System 

Due to EG&G Berthold’s “Ultra Fast Photon Counting” technology 
in conjunction with a special configuration of the photomultiplier 
counting head the MicroLumat Plus is capable of achieving a 
counting sensitivity which matches the sensitivity of EG&G Ber-
thold’s modern tube luminometers. The photomultiplier includes 
an overload detection which indicates when the sample have too 
much luminous intensity. 

Dependent only on the background caused by the reagent, the 
instrument is capable of detecting ATP quantities of less than 
0.01 pg. The dynamic range covers 6 powers of ten. Optical filters 
may be inserted between sample and photomultiplier to filter out 
specific wave length ranges. 
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1.3 Injection System 

The MicroLumat Plus can be equipped with up to three injectors 
with variable volumes, two injecting directly in the counting posi-
tion, the other in the preceding position. The injector volume can 
be set from 25 µl to 300 µl. You select the volume when you set 
up the counting protocol. The precision of the injected volume is 
±3 µl. 

The number of injectors in your instrument are listed on the test 
protocols that are supplied with the instrument. 

The MicroLumat Plus allows free selection of the injectors (num-
ber and position). Adjustable delay times between injections and 
between the last injection and the start of the measurement can 
be defined. The use of injectors specifically designed for this pur-
pose guarantees instantaneous mixing of the samples as well as 
highest precision.  
 
 
 

1.4 Counting Modes 

The basic version of the MicroLumat Plus provides three different 
counting modes using the 96-well plate format. All measurements 
mentioned above with different goals (routine measurements, ba-
sic research) can be performed easily. 
 
INTEGRATE 
The light pulses are integrated for each sample within a freely se-
lectable counting time (0.1 to 5000 s) and output. For replicates, 
the mean and the coefficient of variation are also calculated and 
output. 
 
KINETICS 
In this counting mode the light emission is printed out for each 
sample as a 20-point kinetics curve over the counting time. The 
printout also includes information on the peak maximum. This 
mode is used to optimize counting protocols (determining the best 
counting time) or to analyze the reaction kinetics. 
 
REPEATED 
Long-term kinetics up to one hour can be determined through pe-
riodically repeated measurements of the microplate. The most 
important application example is cellular luminescence (see Ap-
pendix A.2). 
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1.5 Counting Protocols 

The internal microprocessor of the MicroLumat Plus controls the 
measurement and the data evaluation and output. The parame-
ters for a measurement (definition of counting mode, injectors, 
counting time, number and position of samples, etc.) are entered 
in a so-called counting protocol and stored. In the stand-alone 
version, up to 60 counting protocols can be stored, which are 
then available for later measurements. The protocols are associ-
ated with the defined counting mode. 
 
 
 

1.6 Sample Format 

Basically, the MicroLumat Plus can handle all types of “96-well 
and 384-well” standard microplates.  

White microplates yield optimum results for most applications. 
The light reflection leads to a maximum high “signal-to-noise” ra-
tio with, nevertheless, very low crosstalk from adjacent plate posi-
tions (approx. 3 x 10-5). Microplates with a clear well base also 
give very low crosstalk values. The signal efficiency is reduced in 
comparison to white opaque microplates. Crosstalk can be re-
duced further by adding a quench solution via the third injector af-
ter the measurement. 

Black microplates are superior with “glow-type” luminescence 
measurements when extremely high dynamic measuring range 
and minimum crosstalk are imperative. With black plates, the 
crosstalk from adjacent plate positions is so low that it cannot be 
detected any more. The counting efficiency and thus the “signal-
to-noise” ratio is here reduced due to the missing light reflection.  

Transparent sample plates should not be used, because they 
are subject to extremely high crosstalk. 
 
 
 

1.7 Sample Chamber Heating 

The MicroLumat Plus can be equipped with an additional sample 
chamber heater, so that the microplate can be heated up to 42°C.  
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1.8 Stand-alone Mode 

In the stand-alone mode, all MicroLumat Plus functions are con-
trolled by an internal microprocessor. Moreover, the software sup-
ports data analysis and data output to an external printer. The in-
strument is operated via user-friendly softkey-guided dialogs. 

Data is output to an external printer and/or computer. The meas-
ured results can be transferred to the computer in three different 
data formats, depending on the software you are using to process 
this data. The data format is defined in the setup part of the mi-
croprocessor program. 
 
 
 

1.9 Operation under PC Control 

The MicroLumat Plus can also be controlled by a PC running the 
comfortable Windows software WinGlow. See the respective 
Operating Manual for a detailed description of this software. 
 

1.10 Operation under Robot Control 

The MicroLumat Plus can be equipped with a robot access. This 
access enables an easy and fast integration into robotic systems. 
In this case the control unit of the robot system operates the Mi-
croLumat Plus. See the chapter 10 for a detailed description of 
this software. 
 
 
 
 





MicroLumat Plus Chapter 2: MicroLumat Plus Design 

2-1 

2. MicroLumat Plus Design  

2.1 Front Panel 

On the front panel of the MicroLumat Plus, you have access to 
the 

1. the operating components (keyboard and display) located to 
the left of the counting chamber door 

2. sample loading compartment with flap 

3. the injector pumps behind a cover plate; above that the com-
partment for the reagent bottle  

4. counting chamber door  
 
 
 

Display and keyboard

Sample loading compartment

Injector pumps

Counting chamber door

 

 

Figure 2-1: Front view of MicroLumat Plus 
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2.2 Keyboard and Display 

The user communicates with the MicroLumat Plus via the key-
board located on the front panel next to the counting chamber 
door. The LCD display including 2 lines with 40 characters each 
shows the software functions and the entries.  
The keyboard design utilizes touch keypads which are sealed to 
protect them from liquid spillage.  
 

Ready
Measurement Directory other

Softkeys LCD display

Function keys

Space bar alphabetical and numerical block

Function keys

exit delete last enter

space

 

Figure 2-2: Control panel of MicroLumat Plus 

 
 
The keyboard comprises 26 letter keys, 12 numerical keys, three 
buttons which are associated with the so-called softkey functions, 
and 4 additional function keys are used as follows: 

<exit> to return to the main menu 

<delete> to delete entries 

<last>  to return to the last menu item 

<enter>  to confirm entries 
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Softkeys Softkeys are software-controlled keys which assign particular 
functions to the three touch-keys below the LCD display. 

 
 Example: 
 

READY : 
MEASUREMENT DIRECTORY other  

 
 
 
In the above display, you can select a function by pressing the 
respective touch-key: MEASUREMENT, DIRECTORY or other. 
For example, pressing the touch-key below MEASUREMENT ac-
tivates the dialog to start a measurement and displays the next 
item of this menu. 

Press the DIRECTORY touch-key to print all protocol names. 

The function other is assigned to the right touch-key if the current 
menu includes more than three items. Pressing the key below 
other will display the additional functions from the present menu. 
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2.3 Rear Panel 

The rear panel of the MicroLumat Plus contains: 

1. Mains supply (110 or 220 V) 

2. Mains switch 

3. Printer port (RS 232 interface) for data output to an EPSON 
compatible serial printer 

4. Computer port (RS 232 interface). This I/O port can be used to 
transfer data to a computer for further processing (stand-alone 
version of the MicroLumat Plus) or to control the instrument 
via PC using the EG&G Berthold Windows software WinGlow. 

5. Fuses 

6. Outlet to waste collection bottle. Connect a tubing pipe to a 
waste bottle which holds the cleaning solution (see next sec-
tion). 

7. Fan for cooling the internal electronics. 
 

Outlet Printer port Air filter

Computer port
Mains plug

Mains switch
Fuse

 

Figure 2-3: Rear panel of MicroLumat Plus 

 



MicroLumat Plus Chapter 2: MicroLumat Plus Design 

2-5 

2.4 Sample Loading Compartment 

The sample loading compartment is located on the right side of 
the instrument under a bright flap. 

If you raise this flap you can see the tray that accommodates the 
microplate. All 96-well standard microplates can be used. Place 
the microplate onto the tray with the numbers on top. Close the 
flap before you start a measurement. As soon as the measure-
ment has been started, the plate tray with the microplate is trans-
ported into the counting chamber by its own microprocessor-
controlled drive to the positions defined in the counting protocol.  

 

Figure 2-4: Open sample loading compartment  

 
The plate tray is always moved row-by-row from left to right. The 
injection and measurement take place from left to right in row A 
first (e.g. A1 to A12) and then in the same order in row B, etc. 
You define the well matrix to be measured via software: enter the 
well positions “top left” and “bottom right” of the rectangle to be 
measured: 
For example. “C6 to F8” defines the following matrix of wells: 
 
 C6 C7 C8 
 D6 D7 D8 
 E6 E7 E8 
 F6 F7 F8 
 
This matrix is measured row-by-row, i.e. C6, C7, C8, D6 ... 
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Microplate

Heating connection Optional: heating Plate tray  

Figure 2-5: Design of sample tray with optional heating. 
If your instrument does not include a heater, it will be 
provided with a plastic plate which ensures that the 
microplate reaches the required height. 

 
 
In instruments with sample chamber heater, one heating element 
which is connected to the instrument electronics via a cable is lo-
cated in the plate tray. The heating element has direct contact 
with the bottom of the microplate, so that the microplate is heated 
up quickly. The second heating element is located in the counting 
chamber above the microplate to prevent temperature gradient 
build-up and condensation in the sample chamber. 
 
Instruments without sample chamber heater are provided with a 
plastic plate instead, ensuring that the microplate reaches the re-
quired height. 
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Safety device preventing  
incorrect operation To protect the user from injuries and the instrument from damage 

caused by incorrect operation of the MicroLumat Plus, a double 
safety device is installed in the sample loading compartment to 
ensure that measurements cannot be run when: 
 

 1. no sample plate is present 
A light barrier in the sample loading chamber signals the Mi-
croLumat Plus if a sample plate is in the instrument at the start of 
a measurement. If the light barrier is not interrupted (= no or 
transparent sample plate present) the measurement cannot be 
started. 

 
 2. the flap is open 

The spigot at the bottom of the cover flap makes contact only 
when the flap is closed, which releases the measurement. 

 The flap is locked and cannot be opened during measurement. 
 
 

☞  Do not spill any fluid! 
Clean the sample loading compartment immediately to prevent 
that the transport mechanics is adversely affected by dirt particles 
on the sample tray. 
The bottom of the housing is provided with bore holes so that that 
large amounts of liquid can exit. To ensure that the luminometer 
remains light-tight you should place an additional suitable mate-
rial underneath the stainless steel surface to prevent strong re-
flection of light. 
 
 



Chapter 2: MicroLumat Plus Design MicroLumat Plus 

2-8 

2.5 Counting Chamber 

The flap on top of the counting chamber protects the chamber 
from any incidence of light to permit accurate luminescence 
measurements. It is locked by Phillips screws and has to be 
opened only in exceptional cases, for example to open the trans-
port safety device when taken the instrument into operation, to 
verify the correct position of the counting head after transporta-
tion, or for cleaning. Before opening the chamber, the instrument 
has to be switched off and disconnected from the mains supply. 
Otherwise the high voltage gain of the photomultiplier is auto-
matically reduced to protect the user as well as the instrument. 
Incidence of light during the measurement would damage or ad-
versely affect the photomultiplier.  
 

Transport safety device

Cross-recessed screw  

Figure 2-6: MicroLumat Plus with open counting chamber  
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Transport safety device The MicroLumat Plus is shipped with a transport safety device 
which secures the counting head. Before taking the system into 
operation, this safety device has to be unlocked and if you move 
the instrument again later you have to lock it again to prevent 
damage to the counting head. 
 
Opening and securing the transport safety device 
To unlock the transport safety device, open the Phillips screw at 
the bottom (see Figure 2-6). 
The transport safety device consists of a metal plate that can be 
pushed into the counting chamber by means of a knurled screws. 
When you open the knurled screw you can push the metal plate 
all the way to the left and lock it again by closing the knurled 
screw. 
 

☞  When opening the transport safety device, check whether 
the counting head with the guide piece sits properly in the 
guide rail of the top plate.  
 
 
When you secure the transport safety device again you also have 
to make sure that the counting head is in the home position and 
in the guide rail; the counting head is protected by the metal plate 
against any movement in this position only. 
 
Tighten the screws in both positions by hand to make sure the 
metal plate cannot move inadvertently.  
 
When you have unlocked the transport safety device and have 
closed the cover again, the instrument performs an instrument 
check when it is powered on, checking the correct home position 
of the sample tray and the counting head.  
If the transport safety device was not unlocked you will be alerted 
accordingly when the instrument is powered on. 
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Counting head The counting head includes the  

♦ light guide transmitting the light pulses to the photomultiplier  

♦ injector tip M for injections in the counting position, i.e. in a 
bore hole directly next to the light guide, and 

♦ injector tip P for injections before the counting position, i.e. in a 
bore hole one well before the light guide. 

♦ injector tip Q for injections in the counting position, i.e. also in 
a bore hole directly next to the light guide. However, the 
operative range of this injector is limited. 

 

Injector tip M Light guide

Injector tip PInjector tip Q

 

Figure 2-7: Counting head - bottom view  

 
The light guide is passed through the center of the counting head, 
the injector tips M and Q sit in an oblique bore hole and come out 
at the bottom of the counting head directly at the light guide. 
Thus, it is possible to start the measurement at the same time as 
the injection. The bore hole for injector tip P is located one well 
away from the light guide, so that 2 different injections and one 
measurement can take place in the same time period. 
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Injector line M Injector line P
Injector line Q

 

Figure 2-8: Injections into the microplate 

 
The light guide is elevated at the counting head by about 2 mm; 
the detachable guide piece sits on this elevation. This guide piece 
moves in a guide rail and ensures that the counting head is posi-
tioned accurately relative to the microplate. 
 

Injector tip M
Injector tip Q

Injector tip P

Injector line M Injector line P
Injector line Q

 

Figure 2-9: Design of counting head  
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Counting head guide Below the counting head there is a top plate containing 2 rows 
with 8 holes each, corresponding to the well matrix of the mi-
croplate. For measurement, the microplate is transported under 
this hole matrix in X-direction. The bigger holes are for injection in 
the counting position and for detection of the light pulses, the 
smaller holes for injection before the counting position. 
 
 
Photomultiplier 

 

 Microplate 
 

Figure 2-10: Principle of operation of the MicroLumat Plus  

 
Home position of the 
counting head If no measurements are running, the counting head is in the 

home position. From the reader’s point of view, the counting head 
is positioned behind the 16 counting holes over 2 further holes lo-
cated above sinks collecting the fluid. When priming or washing 
the injectors, the fluid is pumped to the outlet on the rear panel of 
the instrument. No microplate is wasted for priming and washing. 
 

Counting head 
 
Guide rail for 
counting head 



MicroLumat Plus Chapter 2: MicroLumat Plus Design 

2-13 

The MicroLumat Plus software includes a reagent load routine 
defining and controlling the number of injections for priming or 
washing. Manual control of this action is also possible. 
 
For servicing, the counting head in the home position can be 
raised and taken out of the guide rail. In this manner you can 
clean or dismantle the counting head. 
 
 

Counting head movements During measurement the counting head performs accurate for-
ward and backward movements in the Y-direction; it can move to 
8 different positions. By combining the X-movement of the mi-
croplate with the Y-movement of the counting head all positions 
of the microplate can be reached by the injector tips P, M and Q, 
and by the light detector. All required movements are carried out 
by step motors working under control of the internal microproces-
sor. 
At the end of a measurement the counting head returns to the 
home position. 
 
In addition to guiding the counting head, the top plate and the 
guide piece also serve to suppress crosstalk of the light signal 
from adjacent well positions. 
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Replacing the injector tips  
at the counting head Dirty or damaged injector tips can be replaced.  

 
Please proceed as follows 

1. With the instrument closed, move the counting head to one of 
the first positions by starting a measurement in well H1 and 
switching off the instrument just when the drive noise indicates 
that the counting head has reached this position.  

2. With the instrument turned off, open the counting chamber 
door by opening the Phillips screws on the front panel (see 
Figure 2-6). 

3. Unscrew the screw fittings of the supply tubings at the count-
ing head completely. (A small wrench is included with the 
accessories.)  

4. Unscrew the injector tip adapters.  
 

Injector line

Screw cap of the supply line

Injector tip adapter

Injector tip

 

Figure 2-11: Design of the injector tip holder in the counting head  

 

5. Unscrew the adapters and replace the injector tips. Take care 
that the conical seals do not fall out! 

6. Insert the seals again and screw the injector tip adapters to-
gether and then screw them into the threaded bore hole of the 
counting head by hand. Connect the supply tubings via the 
screw-type fitting. 

7. Check to make sure that the counting head sits properly in the 
guide piece and the guide rail. 
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8. Close the counting chamber door and arrest it with the Phillips 
screw. 

9. Close the instrument and turn it on. Then the system performs 
a instrument test checking the home position of the plate tray 
and the counting head. 

 
 
 

Heating element in the 
counting chamber  If your instrument includes a heated counting chamber, the top 

heating elements are located to the left and right of the guide rail 
of the counting head. The microplate is heated by direct contact 
from above when the microplate is below the top plate during 
measurement, and from below by the heating block in the sample 
tray (see also Chapter 2.7). 
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2.6 Reagent Compartment 

The three reagent supply bottles are located in a separate, easy 
to access compartment on top of the instrument. The bottles are 
filled with the respective reagent and connected to the supply tub-
ings P, M and Q. Inside the instrument these tubings go to the in-
jector and from there to the counting head, which includes an in-
jection opening for each tubing. 

M injects the fluid into the well in the counting position. The bot-
tle connected here is also foreseen for those reagents which 
are injected at the same time as the measurement or slightly 
thereafter (often the trigger reagent). 

P  injects the fluid into the injection position before the counting 
position, e.g. it is foreseen for reagents which are injected a 
certain time before the measurement or the measurement in-
jection. 

Q  injects the fluid into the well in the counting position. The re-
agents connected here can be injected after the measure-
ment, e.g. for quenching to reduce the background. Also, in 
the <REPEATED> mode, this injector can be used to add 
reagents  

 
Fill the bottles with wash fluid to clean the injector tubings. 
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2.7 Injectors 

High-precision pumps are used to carry out the injections. The 
MicroLumat Plus allows free selection of the injectors (“three” 
“two”, “one” or “none”). Moreover, flexible delay times can be de-
fined between the injections and also between the second injec-
tion and the start of the measurement. 
The injectors, which were specifically designed for this purpose, 
ensure instantaneous sample mixing after injection and highest 
precision regarding the injection volume. 
The injector pumps, located on the right-hand side of the instru-
ment below the reagent bottles, are covered by a metal plate. 
 

Injector pump P
Injector pump M

Injector pump Q

Reagent 1 (P) Reagent 2 (M) Reagent 3 (Q)

 

Figure 2-12: Injector pumps 

 
Injector control Prior to the measurement 

Before starting a measurement, you have to prime the tubings 
with the fluid to be injected to ensure that the entire volume will 
be injected with the first injection. To prime the tubings, select the 
<PRIME> software function. Upon selection of the injectors to be 
used, 7 injections are automatically carried out with a volume of 
about 300 µl. This ensures that the injection system is primed 
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completely. Any fluid leaking out is collected and automatically 
aspirated by the disposal pump. On the rear panel of the instru-
ment you find the outlet to connect the tubing to a waste bottle. 
 
During measurement 
Counting head and sample traymove such that the first defined 
well is positioned below injector tip P or M/Q.  
 

 Example You program a measurement for three injectors to start in well B4 
of the microplate. Six columns each are to be measured in this 
and the next two rows, i.e. the last counting position is D9. 
First, the counting head moves forward to position B (= 2nd hole). 
Column 4 of the sample plate is moved below injector tip P, while 
the light guide and injector tips M and Q (large hole of hole ma-
trix) are still above column 3. Following pre-injection, the plate is 
moved forward one column, so that injector M now injects into 
well position B4 and the measurement can be started. After 
measurement, injector Q can inject quench fluid in the counting 
position. 
In the meantime, injection tip P is already above well B5 and per-
forms the next pre-injection there. Depending on the selected de-
lay between injections P and M, this P-injection can take place 
even during measurement of the preceding well. Such an inter-
laced injection procedure may reduce the total scan time of a mi-
croplate by up to 50% compared to microplate luminometers with 
only one common injector position. 
If well B9 has been measured in the first row, the counting head 
moves down one row, while column 4 of the microplate is moved 
below injector tip P for pre-injection. In this manner, the mi-
croplate is injected and measured row by row from left to right in 
the defined measurement area. 
 
The integrated software calculates and controls an interlaced 
measurement procedure for each counting protocol to ensure that 
with a given number of injections, delay times and counting times 
the entire measurement procedure will be completed in the short-
est time possible. 
 
 
After the measurement 
Upon completion of the measurement, the counting head and the 
microplate return to their home position. 
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Cleaning The menu item <REAGENT> provides various functions for 
cleaning the tubings when changing reagents or before turning off 
the MicroLumat Plus. To wash the tubings, you define a higher 
number of injections in the <WASH> menu, fill the bottles with 
wash fluid and start the wash process. The wash fluid exits in the 
home position of the counting head and is automatically aspi-
rated.  
 
 

☞  Please keep in mind: 
Excess liquid overflowing from the sample plate into the sample 
loading compartment or the counting chamber is not drained! 
Wipe it off immediately to rule out that the performance of the Mi-
croLumat Plus is deteriorating due to dirt particles accumulating 
in the instrument.  
To remove dirt from under the top plate, wrap a paper tissue 
around the microplate and run a measurement without injections. 
Since the microplate and the top plate come into direct contact 
during measurement, the bottom of the top plate is wiped off. If 
necessary, repeat this step several times. 
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2.8 Sample Chamber Heating 

The MicroLumat Plus may be equipped with a sample chamber 
heater to warm up the samples. The heater consists of three 
heating elements, one located below the microplate in the sample 
tray, the others directly to the left and right of the counting head 
guide rail. Heating from above and below allows quick warming 
up of the samples, and, at the same time, prevents the build-up of 
adverse temperature gradients. 

Since the instrument is not equipped with a cooling system and 
produces a certain heat, you can only define temperatures which 
are about 5 degrees above room temperature. The setting accu-
racy is 0.1 degrees Celsius, the maximum value is 42° C. 

The warm-up period for reaching the default temperature is de-
pendent upon the defined value and the ambient temperature. 
The closer this value is to 42° C, the longer the warm-up period. 
The warm-up period is about 0.1°C per second. 

Please note that the samples in the microplate will reach this tem-
perature somewhat later, especially when the samples are still in 
the sample loading compartment and are heated only from below. 

 
The temperature can be defined as follows: 

1. In the counting protocol. The counting chamber is heated 
throughout the entire measurement. Please keep in mind 
that the warming up process may possibly start only when 
starting the measurement and the set target temperature 
value will be reached later. Therefore, the counting chamber 
should already be pre-heated. This can be done in the main 
menu regardless of a measurement. 

2. Pre-heating in the main menu: set the desired temperature. 
With closed counting chamber door the heater is in operation 
until the desired temperature is reached. Then you may start 
the measurement. Once the temperature has been set in the 
main menu the heater will be turned off only when a smaller 
value is entered. 

 
The heating is not turned off when the instrument is opened. 
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2.9 Filter Installation for Light Detector 

Optical filters may be installed between sample and photomulti-
plier to extend the dynamic measurement range of five powers of 
ten or to filter out specific wave length ranges. n 
 

Photomultiplier Top with counting head Filter inset

 

Figure 2-13: Light filter installation  

 
 
Please proceed as follows 

1. With the instrument closed, move the counting head to one of 
the first positions by starting a measurement in well H1 and 
switching off the instrument just when the drive noise indicates 
that the counting head has reached this position.  

2. With the instrument turned off, open the counting chamber 
door. 

3. Unscrew the top of the counting head from the photomultiplier. 

4. Insert the light filter. Please be careful not to damage the injec-
tor tubings. 

5. Attach the top of the counting head again. 

6. Position the counting head with the guide piece exactly in the 
guide rail with the big holes. 

7. Close the instrument and turn it on again. The counting head 
returns to its home position.  
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2.10 Fan 

The MicroLumat Plus includes a fan for cooling the heat gener-
ated by the electronic components. The fan cover on the rear 
panel includes an air filter to prevent dirt from getting inside the 
instrument. Depending on how dirty the filter is, you should blow it 
out, wash or replace it. To do this, take off the protective cover 
from the fan.  
 
 
 
 

2.11 Filter Membrane Adapter 

Luminescence-labelled filters are increasingly being used in mo-
lecular biology. EG&G Berthold has designed a special device al-
lowing the measurement of such filters on the MicroLumat Plus. 
The only prerequisite for the filter membrane adapter (order num-
ber 22674, type LB 96P-FM) is that the samples are applied in 
the microplate format (12 x 8), as for example in Dot-Blot assays. 
The adapter (see Figure 2-14) consists of a top plate with a 
spring holding device for the filter membrane and the carrier 
plate.  
 

 

Figure 2-14: Filter membrane adapter  
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Installation of the filter into the adapter 

1. Incubate the filter membrane with the luminescence substrate 
and seal it at the top and bottom by transparent foils (e.g. by 
wrapping a household foil around it, or by using two transpar-
ent foils that are sealed at the edges). 

2. Lift the top plate off the carrier plate and open the spring hold-
ing device. 

3. Position the filter membrane below the top plate such that the 
samples are accurately placed under the holes. 

4. Close the spring holding device at the top plate such that the 
spring hook engages in the groove. This will keep the filter 
membrane in its position. 

5. Now you can adjust the filter membrane exactly to make sure 
that the samples are accurately aligned with the holes. 

6. Place the top plate onto the carrier plate. 
 
Now you can place the adapter with the filter membrane in the 
sample loading compartment of the MicroLumat Plus and meas-
ure it just like any microplate. 
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2.12 Printer Connection 

The MicroLumat Plus sends data to a printer via a serial interface. 
Upon request, we will deliver an Epson printer equipped with a 
serial interface card; its DIP-switches will be already set to the 
appropriate positions. 
The MicroLumat Plus comes with a serial printer cable. 
 
Epson compatible printer types LQ, LX, LR and LS can be con-
nected to the MicroLumat. Only these types ensure proper per-
formance. The specification of the serial Epson interface has to 
be met. Only printers with interfaces classified as safely sepa-
rated according to IEC 950 may be connected. 
 
If you did not purchase your printer from EG&G Berthold or if you 
wish to check and/or correct the DIP-switch setting, please pro-
ceed as follows: 
 

Printer DIP-switches 1. Turn the printer off. 

2. Open the printer cover on its front side. 

3. Using a pencil or pen, set the DIP-switches as required (see 
next page). 

4. Close the cover again. 
 

DIP-switches on the  
serial interface card 1. We recommend setting the DIP-switches before installing the 

interface card. If it is already installed, open the two fixing 
screws at the back of the printer and pull the card out of the 
printer. 

2. Using a pencil or pen, set the switches of both DIP switch 
blocks as needed (see next page). 

3. Insert the interface card again into the printer and fix it with 
both screws. 

4. When you turn the printer on again, it will operate with the new 
setting. 
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DIP-switch setting for data output of the MicroLumat Plus 
 

Epson LQ 570 printer 

SW1: 1 
2 
3 
4 
5 
6 
7 
8 

ON 
ON 
ON 
ON 
OFF 
OFF 
OFF 
OFF 

SW2: 1 
2 
3 
4 

ON 
OFF 
OFF 
OFF 
 

 
 

Epson interface card 82 3061 (serial) 

SW1: 1 
2 
3 
4 
5 
6 

ON 
ON 
ON 
ON 
OFF 
OFF 

SW2: 1 
2 
3 
4 

ON 
ON 
ON 
ON 
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3. Getting Started 

The MicroLumat Plus must be lifted and carried by 2 persons 
holding the instrument at the side with both arms under the bot-
tom of the housing. 

 
 
3.1 Instrument Setup 

To ensure the proper function of the MicroLumat Plus, set up the 
instrument in an environment which meets the following specifica-
tions: 

♦ free of dust 

♦ no strong magnetic fields 

♦ no direct exposure to sunlight 

♦ ambient temperature 15 - 30°C 

♦ relative humidity 10 - 90 %  

♦ distance of rear panel from wall at least 10 cm to allow ade-
quate cooling  

 
Always keep the fan opening clear! 
 
 

3.2 Unpacking  

When unpacking the instrument, please check if the shipment is 
complete and examine the instrument for any sign of damage. If 
you detect any damage to the instrument or parts of the instru-
ment, please notify the shipping agent and/or the manufacturer 
immediately!  

Carefully unpack the instrument and unlock the transport safety 
devices, to avoid damage to the instrument. 
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3.3 Safety Instructions 

Please observe the following safety instructions: 
 

☞  Do not open instruments that are still connected to the 
mains supply. Pull the power cord first! 

☞  Use shock-proof plugs. 
Make sure your instrument is set to the correct voltage. 

☞  Make sure your instrument is protected from electrostatic 
discharges caused by carpeting, etc. especially during the 
cold season; otherwise, sensitive parts of the instrument 
may get damaged. 
 
 
 

3.4 Mains Supply 

Verify that the voltage specified on the type label matches local 
mains supply.  
 
Note:  
“230 V” allows operation from 220 V -15% to 240 V +10% at a 
frequency range of 47 - 62 Hz.  

“115 V” permits operation from 110 V -15% to 120 V +10% at a 
frequency range of 47 - 62 Hz. 

“100 V” permits operation from 100 V -10% to 110 V +10% at a 
frequency range of 47 - 62 Hz. 
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3.5 MicroLumat Plus Installation 

Unlocking the transport safety device 

1. After you have unpacked the instrument and checked the indi-
vidual parts, open the counting chamber by unscrewing the 
Phillips screw below the center rounded cover plate.. 

2. Raise the sample compartment cover and then this cover 
plate.  

3. Open the knurled screw above the counting head and with this 
screw push the transport safety device securing the counting 
head all the way to the left. 

4. Tighten the knurled screw again. 

5. Lock the center cover plate again with the Phillips screws. 
 

Transport safety device

Cross-recessed screw  

Figure 3-1: MicroLumat Plus with open counting chamber  

 
Connecting the reagent bottles 

6. Place the reagent bottles into the compartment at the right-
hand side of the instrument. 

7. Connect the bottles to the ports labelled "P", "M" and “Q” on 
the MicroLumat Plus. Use the supplied transparent tubings 
which are provided with KEL/F screw fittings at both ends, and 
screw these into the cap of the bottle and into the two screw 
nuts P, M and Q on the instrument. 



Chapter 3: Getting Started MicroLumat Plus 

3-4 

Please keep in mind: M is the tubing for injection in the counting position before the 
start of a measurement 

P is the tubing for injection in the position before. 
Q is the tubing for the 2nd injection in the counting position 
 
 

Mains connection 8. Connect the MicroLumat Plus to the power outlet using the 
power cord supplied with the instrument. The mains socket 
is found on the rear of the instrument. 

 
Outlet 9. Connect the supplied transparent outlet tubing with 3 mm in-

ternal diameter to the outlet. 
 
10. Unscrew the spigot nut from the outlet and slip the spigot nut 

including pinch ring over the tubing end.  

11. Then place this tubing end onto the spigot in the outlet open-
ing and screw the spigot nut onto the threading.  

12. Connect the other end of the tubing to a collection bottle of 
adequate size. 

 

Threading  Pinch ring  Spigot nut        Hose

Slip hose over this spigot  

Figure 3-2: Connecting the outlet tubing 

 
 

Printer connection 13. Now connect the MicroLumat Plus via the supplied printer 
cable to your printer (serial interface). Set the DIP switches 
on your printer as described in Chapter 2.12. 

14. Place the black cover over the fan on the rear panel of the 
MicroLumat Plus. 
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Outlet Printer port Air filter

Computer port
Mains plug

Mains switch
Fuse

 

Figure 3-3: Ports on the rear panel of the MicroLumat Plus  

 
 

Selftest 15. Turn on the MicroLumat Plus at the mains switch on the rear 
panel of the instrument. The instrument runs through an 
automatic routine testing all functions; you can hear the in-
strument checking the plate tray and the counting head. After 
a short time, the main menu and the READY display ap-
pears: 

 

READY  
MEASUREMENT DIRECTORY other 

 
 If you did not unlock the transport safety device you will be 

alerted accordingly on the display (Transportation lock 
locked - please unlock). 

 Turn the instrument off, open the counting chamber and un-
lock the transport safety device as described. 

 If no printer is connected or the printer is not powered on, the 
following message is displayed (instead of the READY dis-
play) until the cause of the error has been eliminated: 

 

 
PRINTER NOT READY OR NOT ATTACHED !  
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Computer connection When operating the MicroLumat Plus in the stand-alone mode an 
external computer can be connected. The raw data from a meas-
urement is transferred to this computer for further processing in 
other PC programs. Connecting a PC and the data format of the 
measured data are described in Chapter 8. 
 
Once the MicroLumat Plus has been set up, you should verify or 
enter a few instrument parameters, as described in the next chap-
ter. 



MicroLumat Plus Chapter 3: Getting Started 

3-7 

 
3.6 Changing the microplate format from 96- to 384-well, and vice versa 

 
First switch off the instrument before changing the plate format 
from 96- to 384-well and vice versa.  
 
1. Open the counting chamber by unscrewing the crossheaded  

screw below the center rounded cover plate as described in 
chapter 3.5. 

 
2. Raise the sample compartiment cover and then the cover 

plate. 
 
3. Unscrew the knurled screw above the counting head, raise the 

counting head and with this screw push the transport safety 
device all the way to the right. Fix the knurled knob in the new 
position and put the counting head on top of the security de-
vice.  

 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-4: Perforated plate with two guide rails for 96- and 384-
well plates 
 
4. In front of the guide rails for the counting head there is an ad-

ditional knurled screw. Open this screw until the perforated 
plate can be moved to the right or left. Move the perforated 
plate to the left for measuring 384-well plates, move it to the 
right for measuring 96-well microplates. Fix the knurled screw 
in this position (Figure 3-4).  

move to the right for 384-
well measurement 

move to left for 96-
well measurement 

knurled screw 

guide rail for 96-well plates guide rail for 384-well plates 
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5. Change the position of the slider at the counting head corre-

sponding to the actual plate format. For measuring 96-well 
plates the larger 9 mm diameter hole is used, for measure-
ment of 384-well microplates the smaller of 3 mm hole is used 
(Figure 3-5).  

 
Figure 3-5: Slider with two positions 
 
6. Open the knurled screw of the safety device taking the count-

ing head in your hand and with this screw move the safety de-
vice all the way to the left. Fix the knurled screw in this posi-
ton. Carefully place the counting head together with the slider 
into the corresponding guide rail. Make sure that the slider lies 
flat inside the guide rail to minimize crosstalk from neighboring 
wells. 

 
7. Replace the center cover plate with the crossheaded screw. 
 
8. Unscrew the knurled screw above the counting head, lift the 

counting head and with this screw push the transport safety 
device all the way to the right. Fix the knurled screw in this po-
sition and put the counting head on top of the security device.  

 
9. The plate format has still to be selected inside the embedded 

software of the luminometer. This will be explained in detail in 
the next chapter 3.7 “System Configuration in the SETUP 
Menu”. Select <INSTR-PARAM> from the main menu and in 
the end of this input sequence you can set the actual mi-
croplate format. 

 

 MAIN MENU 

  
 DATE/TIME      INSTR-PARAM      RS232-LINE 

 ....... 
 At end of the sequence you can define the microplate format: 
 

PLATEFORMAT:                           
    96           384           ——      

96-well
384-well
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3.7 System Configuration in the SETUP Menu 

Define the instrument parameters in the SETUP menu and enter 
the date and time. In the displays below, those functions which 
can be accessed by pressing the touch-key below the respective 
softkey are underlined. Starting point is the main menu: 
 

READY : 
MEASUREMENT DIRECTORY other 

Select <other>. The next display appears. 

READY : 
PROTOCOLS SET TEMP  other 

Press <other> once more to get to the third display. 

READY : 
REAGENT SET UP other 

Select the <SET UP> function. 
Then three further submenus will be displayed. 

 
DATE/TIME INSTR-PARAM RS232-LINE 

Select <DATE/TIME> to enter or edit the date and time. 

DATE/TIME  11.04.97  14 56 
ENTER STRING UP TO 15 CHAR: 

Enter DD.MM.YY TIME, for example, “11.04.97  14 56” and con-
firm the entry by pressing the <enter> key. 
Date and time are entered with the numerical keys, the decimal 
point and the <space> key.  

Then you will see the query: 

INPUT CORRECT: 
    NO YES - - - - 

<YES> saves the above date and time. 
<NO> takes you back to the previous entry field if you wish to 
make any corrections. 
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Entry sequence for displaying/editing instrument parameters: 
 
From the main menu you get to the following display by pressing 
<other> twice and then selecting <SET UP>: 
 

 
DATE/TIME INSTR-PARAM RS232-LINE 

 
Select <INSTR-PARAM> to enter or edit the instrument parame-
ters. 
 

rlu-FACTOR  : 1.07 
NUMBER IN RANGE 1   ...    100 

 
Display/enter “1.07” and <enter>.  
Optional entry of a correction factor to compensate for the differ-
ent counting efficiencies of various photomultipliers.  
The RLU factor is entered for each instrument by the manu-
facturer. The value for your instrument is listed on the en-
closed test protocol. 
 

INSTRUMENT ID:  ? 
ENTER STRING UP TO 4 CHAR. 

 
Enter the instrument ID of your MicroLumat Plus (max. 4 charac-
ters). 
 
Then you have to define the injectors included in your instrument 
(P, M and/or Q): 
 

INJECTOR P AVAILABLE 
   YES NO 

 

INJECTOR M AVAILABLE 
   YES NO 

 

INJECTOR Q AVAILABLE 
   YES NO 
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 At end of the sequence you have to define the microplate format: 
 

PLATEFORMAT:                           
    96           384           ——      

 
 
Then comes the query: 
 

INPUT CORRECT: 
    NO YES —— 

 
Press <YES> to store the above entered instrument parameters 
to return to the main menu.  
Press <NO> to get back to the previous entry field to make cor-
rections. 
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Changing the output format of the serial RS 232 interface: 
 
Required only when an external PC is connected! 
 
Select <other> and <SET UP> as described. 
 

 
DATE/TIME INSTR-PARAM RS232-LINE 

 
Select the <RS232-LINE> submenu to define the output format of 
the serial RS 232 interface (computer interface). The following 
options are offered: 
 

RS232 OUTPUT SELECT:  PHAGO 
OFF SPREADSHEET other 

 
The first line shows the defaulted output format which is dese-
lected by choosing another format. 

<OFF> means no data output to the serial computer interface.  

<SPREADSHEET> is an output format where the individual re-
sults from adjacent wells in one line are separated by <Hard 
TAB> and the lines of a sample plate by an additional <CR> 
<LF>. If you select this format by pressing the respective key it 
will first be entered into the first line. After pressing <enter> you 
will be prompted to confirm that the entry is correct (see below). 

<other> displays further options of the <RS232-Line> submenu: 
 

RS232 OUTPUT SELECT:   PHAGO 
PHAGO SW LBIS SW other 

 
The first line still shows the defaulted format.  

<PHAGO SW>: This output format contains information about the 
type of measurement in a header. It can be used for measure-
ments which are to be processed using the EG&G Berthold soft-
ware WinGlow. 

<LBIS SW>: This output format is used for measurements which 
are to be processed using the EG&G Berthold software “LBIS”. 

<other>: back to the preceding display. 
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Once you have selected one of the displayed output formats, this 
format is entered into the first line. 
Confirm your selection with <enter>. Then you get the query: 
 

INPUT CORRECT ? 
   NO YES —— 

 
Press <NO> if you need to return to the previous display. 
Press <YES> to confirm your selection; the program returns to 
the main menu. 
 
The individual output formats for data transfer via the serial 
RS232 interface are described in Chapter 8 ”Connection of Ex-
ternal Computer”. 
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3.8 SET TEMP 

To prepare a measurement with sample chamber heating you 
can default a temperature in the <SET TEMP> menu right after 
you have powered on the instrument. This starts the heating pro-
cedure and heats up the sample chamber to the required tem-
perature before the measurement is started. 
 
Keep in mind, however, that the temperature you set here will be 
overwritten by the temperature entered in any measurement pro-
tocol. 
 

Proceed as follows: 

READY : 
MEASUREMENT DIRECTORY other 

 
Select <other>. 
 

READY : 
 PROTOCOLS SET TEMP other 

 
Select <SET TEMP>. 
 

TEMPERATURE (DEG. CELSIUS) : 
NUMBER IN RANGE 0.0 - 42.0 

 
Enter the temperature in Celsius and press <enter>. 
 
 
 

Further procedure  If you have connected, powered on and set up your MicroLumat 
Plus as described above you are all set for the first measurement. 

Please proceed as follows: 

1. Create counting protocols 

2. Prime the injector tubings 

3. Set the desired temperature for pre-heating, if necessary 

4. Start the measurement with automatic result output to printer. 
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3.9 Connection of the robot version 

The MicroLumatPlus can be equipped with robot access for easy 
and fast integration into robotic systems. Robot access enables 
the opening of the measuring chamber and the lifting of the mi-
croplate (and vice versa). A pneumatic mechanism is fixed on the 
right side of the MicroLumatPlus to open the lid of the measure-
ment chamber. Then a second pneumatic device lifts the  mi-
croplate a few centimeters. This enables standard robotic arms to 
handle the microplate. 
The robot version of the MicroLumatPlus has to be connected to 
a 3 bar compressed air supply. On the rear panel of the Mi-
croLumatPlus there is a second tube connector similar to that 
connecting the waste bottle. This additional threaded connector is 
suitable for tubng of 3 mm internal diameter and 1.5 mm thick-
ness. The use of a pressure regulator with an oil separator is 
recommended, if not already installed in the robotic system. 
The connecting procedure corresponds to the one described for 
the outlet in chapter 3.5 “MicroLumatPlus Installation” 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-6: Ports on the rear panel of the MicroLumatPlus, robot 
version 
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4. Software 

4.1 Handling  

The software of the MicroLumat Plus is structured like a menu 
tree. The main menu comprises 7 menus with various submenu 
options. Commands or parameters are entered via the respective 
menus. 

You select a menu and run through the program by means of 
softkeys. Softkeys are software-defined functions which appear 
on the display and which can be selected by pressing the touch-
key directly below the respective softkey function. The function of 
these keys changes relative to the information on the display. 

In addition, the following four function keys are used: 

<exit> to abort a command or program procedure and to re-
turn to the main menu 

<delete> to delete text or numerical values entered last 
<last> to return to the last menu item 
<enter> to confirm entries 
 
The keyboard includes a complete set of alphanumeric charac-
ters and the spacebar. 
 

Ready
Measurement Directory other

Softkeys LCD display

Function keys

Space bar alphabetical and numerical block

Function keys

exit delete last enter

space

 

Figure 4-1: MicroLumat Plus keyboard   
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4.2 Main Menu Functions 
The software menus are selected from the READY display of the 
MicroLumat Plus. By pressing the softkey <other> you can toggle 
between the seven functions within one loop. 
 
 

READY  
MEASUREMENT DIRECTORY other 

 
 
 

READY  
PROTOCOLS SET TEMP other 

 
 
 

READY  
REAGENT SETUP other 

 
 
 

READY  
RESEND DATA ----- other 

 
 
 
By pressing one of the other softkeys you can call the respective 
menu, which is described in detail in the following chapters. 

 
MEASUREMENT The <MEASUREMENT> function is used to load a stored proto-

col and to run a protocol-defined measurement. The input se-
quence up to the start of the measurement is described in chap-
ter 6. 

DIRECTORY Press the <DIRECTORY> softkey to print a hardcopy of the 
names of all stored counting protocols or the free protocol num-
bers, respectively. The printout lists the protocol type (e.g. RAW 
DATA) and the protocol name entered (up to 11 characters) for all 
60 protocols. Unused protocol numbers are designated “NOT 
USED”. 

PROTOCOLS Use the <PROTOCOLS> function to set up a new counting pro-
tocol or to edit an existing protocol. The input sequence is de-
scribed in chapter 5. 
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SET TEMP Set temperature to pre-heat the sample chamber (only instru-
ments with temperature control) (see 3.8)  

REAGENT Use the <REAGENT> function to prime the injectors with re-
agent, to wash the injectors when changing reagents or before 
turning off the instrument over night. During the priming or wash-
ing process the injector tips are positioned outside the microplate 
over a small collection sink which is connected to a waste bottle 
via an aspiration pump (rear of the MicroLumat Plus). No mi-
croplate will be wasted for the priming process. This process is 
described in chapter 7. 

SETUP Setup menu for the instrument parameters. 

RESEND DATA The <RESEND DATA> function allows you to resend the data of 
the last measurement once more to a printer or computer. 
 
 
 

4.3 Conventions 

Certain conventions are used in this manual: 
 
The software dialog, i.e. the input sequence, performed by the 
user via keyboard and display is described by  

a) presenting the successive displays and 

b) text providing information about a particular display. 
 

Display Functions which can be selected by pressing the respective soft-
key are underlined. The text and numerical entries are just exam-
ples and are also underlined in the respective displays. 
Thus, the difference between program default and individual entry 
is obvious right away. 
 

Explanation Menus, program functions and the function keys are written in 
angular brackets <> in boldface. Text and numerical data are put 
in quotation marks and boldface. Actions required by the user are 
thus immediately evident, e.g. typing “15” and pressing <enter>. 
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5. Counting Protocols 

Measurement, data evaluation and data output are controlled by 
the internal microprocessor of the MicroLumat Plus. In a first step, 
the parameters for a measurement have to be entered in a so-
called counting protocol and stored in the <PROTOCOLS> menu. 
The actual measurement takes place by calling and starting this 
protocol in the <MEASUREMENT> menu. Counting protocols are 
set up via softkey-guided dialogs. Up to 60 counting protocols can 
be stored, including all information for injector control, measure-
ment and data analysis.  
 
The basic version of the MicroLumat Plus features in the <RAW 
DATA> protocol type three different counting modes which can 
be run with or without injections. 
 
 

5.1 Counting Modes 

INTEGRATE  
For measurements in the INTEGRATE mode, the light pulses are 
integrated for each sample within a freely selectable counting 
time (0.1 to 5000 s). In this mode, the mean and the coefficient of 
variation are also calculated and output for replicate groups. 
 
 
KINETICS 
In this counting mode the light emission is printed out for each 
sample as a 20-point kinetics curve over the counting time. The 
printout also includes information on the respective peak maxi-
mum. Other than that, the structure of this counting protocol is 
identical with the INTEGRATE protocol. 
 
 
REPEATED 
Long-term kinetics of up to several hours can be determined 
through periodically repeated measurements of the microplate. 
The data is output in the respective printout of the RLU values of 
all samples.  
 
 
All counting protocols allow an optional measurement of the 
background signal before the trigger reagent is injected by injec-
tor M. The measured value is marked in accordance with the de-
fined warning threshold. A printout of the background value can 
be selected as an option.  
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 Explanation Below we will describe the entry sequences for the 3 protocol 
types in detail. The structure of the protocols for INTEGRATE and 
KINETICS is identical, so both types will be discussed together. 
They differ, however, in the way the measurement is run, i.e. in 
calculation and output of the results. 
 
Chapter 5.2 describes the entry sequences up to the selection of 
the desired protocol type, which is identical for all types. 
 
How to enter data in a protocol is described in sections 5.3 and 
5.4 by  

a) presenting the displays and 

b) text providing information about a particular display. 
 

 Display Functions which can be selected by pressing the respective soft-
key on the instrument are underlined. The text and numerical en-
tries are just examples and are also underlined in the respective 
displays. 
Thus, the difference between program default and individual entry 
is obvious right away. 
 

 Explanation Menus, program functions and the function keys are written in 
angular brackets <> in boldface. Text and numerical data are put 
in quotation marks and boldface. Actions required by the user are 
thus immediately evident. 
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5.2 Counting Mode Selection 

Proceed as follows to select one of the three counting modes: 
 

READY 
MEASUREMENT DIRECTORY other 

 
READY display (main menu). 
 
P1 

READY : 
 PROTOCOLS SET TEMP other 

 
Select <PROTOCOLS> to call the protocol entry menu. 
 
P2 

PROTOCOLS: 
 MODIFY NEW/DELETE ---- 

 
Select <MODIFY> if you wish to edit an existing protocol. Then 
enter the respective number. 
Select <NEW/DELETE> to create a new protocol or to delete an 
existing one. 
 
P3 

ENTER PROTOCOL NUMBER : 1 
NUMBER IN RANGE  1  ...   60 

 
When you select <NEW/DELETE> and enter the number of an 
existing protocol, this protocol is deleted and overwritten by the 
new one! 
Enter a new number if you want to create a new protocol. You 
can check which protocol numbers are still unused by selecting 
<DIRECTORY> from the main menu and printing out the num-
bers and names of all existing protocols. 
Example: “1” and then <enter>: Enter the number under which 
the new protocol is to be stored (from 1 to 60). 
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P4 

SELECT PROTOCOL TYPE : 
  RAW DATA DELETE ---- 

 
Select <RAW DATA> to enter a raw data protocol. 
 
P5 

PROTOCOL NAME  :UNDEFINED  
ENTER STRING UP TO 11 CHAR. 

 
No protocol name has been defined yet. Enter any name you like 
via the alphanumeric keyboard; max. length 11 characters. 
  
P6 

PROTOCOL NAME  :LUCIFERASE1 
ENTER STRING UP TO 11 CHAR. 

 
Example: “LUCIFERASE1” and <enter>.  
Enter any protocol name with up to 11 letters. The name you 
have entered appears in the first line, overwriting the default 
“UNDEFINED”. Confirm your entry with <enter>. 
 
Then the three counting modes of the raw data protocol are dis-
played: 
 
P7 

MODE  : INTEGRATE  
 INTEGRATE KINETICS REPEATED 

 
 



MicroLumat Plus Chapter 5: Counting Protocols 

5-5 

5.3 INTEGRATE and KINETICS Modes 

The entry sequences for the counting protocols are identical for 
the counting modes INTEGRATE and KINETICS and will there-
fore be described together. As already mentioned in the introduc-
tion to this chapter, the well positions to be counted are entered in 
the <MEASUREMENT> menu. 
 
Both protocol types are based on different measurement and 
evaluation strategies which shall be discussed briefly at this point: 
 
INTEGRATE 
For measurements in the INTEGRATE mode, the light pulses are 
integrated for each sample within a freely selectable counting 
time (0.1 to 5000 s).  
Replicate groups between 2 and 96 or 2 and 8 samples can be 
defined; the mean and the coefficient of variation is calculated 
and printed out for this replicate groups. The replicates can either 
be calculated by rows (A1, A2, A3, ..., A12, B1, B2, ...) or by col-
umns (A1, B1, C1, ...). 
If replicate groups are defined column-by-column, a maximum of 
only 8 samples (corresponding to one column) can be summa-
rized into one replicate. For each further column the count starts 
again. If replicates are defined row-by-row, one replicate group 
can include between 2 and 96 samples. Only the size of the repli-
cate group is entered (e.g. “15”). Then the samples to be counted 
are automatically divided into replicate groups of 15 samples 
each. Please keep in mind that a row always starts at A1, B1, C1 
etc. A group of 15, for example, would go from A1 to B3. 
The size of the replicate group(s) is/are defined in the counting 
protocol, but not the number and position of the samples to be 
counted. This is done individually for each measurement immedi-
ately before starting the measurement in the <MEASUREMENT> 
menu. 
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KINETICS 
In this counting mode the light emission is printed out for each 
sample as a 20-point kinetics curve over the counting time. The 
printout also includes information on the respective peak maxi-
mum. Other than that, the structure of this counting protocol is 
identical with the INTEGRATE protocol. 
 
Any combination of injectors and freely selectable delay times 
can be programmed, depending on the measurement you intend 
to run and on the protocol you have selected. 
 
I1 

MODE  : INTEGRATE 
 INTEGRATE KINETICS REPEATED 

 
Select the raw data protocol mode <INTEGRATE> and press 
<enter>. The photon counts are integrated over the entire count-
ing time into one RLU value. 
 
I2 

INJECTOR P  : ON 
OFF ON ---- 

 
Select <ON> and press <enter> to activate injector P for injection 
into the well before the counting position.  
 
If you select <OFF> and then <enter> displays I3 and I12 will be 
skipped. 
 
I3 

VOLUME INJECTOR P (µl)  : 50 
NUMBER IN RANGE  25   ...   300 

 
Change or confirm the displayed injection volume for injector P. 
Setting range: 25 µl - 300 µl. 
If you enter values outside the setting range, the system auto-
matically uses the value shown in the upper right of the display. 
Press <enter> to use the value shown in the upper right of the 
display. 
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I4 

INJECTOR M  : ON 
OFF ON ---- 

 
Selecting <ON> and <enter> activates injector M (counting posi-
tion) for injection into the well in the counting position.  
 
If you select <OFF> and then <enter> displays I5 and I13 will be 
skipped. 
 
I5 

VOLUME INJECTOR M (µl)  : 50 
NUMBER IN RANGE  25   ...   300 

 
Change or confirm the displayed injection volume for injector M. 
Setting range: 25 µl - 300 µl. 
If you enter values outside the setting range, the system auto-
matically uses the value shown in the upper right of the display. 
Press <enter> to use the value shown in the upper right of the 
display. 
 
I6 

INJECTOR Q  : ON 
OFF ON ---- 

 
Selecting <ON> and <enter> activates injector Q (counting posi-
tion) for injection into the well in the counting position.  
 
If you select <OFF> and then <enter> display I17 will be skipped. 

 
I7 

VOLUME INJECTOR Q (µl)  : 50 
NUMBER IN RANGE  25   ...   100 

 
Change or confirm the displayed injection volume for injector Q. 
Setting range: 25 µl - 100 µl. 
If you enter values outside this range, the system automatically 
uses the value shown in the upper right of the display. 
Press <enter> to use the value shown in the upper right of the 
display. 
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I8 

BACKGROUND MODE  : CHECK 
 OFF CHECK ---- 

 
Select <CHECK> and <enter> if you wish to run a background 
measurement before the injection by injector M.  
 
If you select <OFF> and then <enter> displays I9 to I11 will be 
skipped. 
 
I9 

BKGD MEASUREMENT TIME (s) :0.5 
NUMBER IN RANGE  0.0  ...   1000.0 

 
Enter the counting time for a background measurement (from 0 to 
1000 s) and press <enter>.  
 
I10 

BKGD WARNING LEVEL  : 100 
NUMBER IN RANGE  0  ... 100000.0 

 
Enter a warning level for the background (in RLU/s!) and press 
<enter>. If this value is exceeded during the background meas-
urement, the RLU value measured after injection is marked by an 
“!” in the printout. 
 
I11 

PRINT BACKGROUND  :ON 
  OFF ON ---- 

 
Pressing  <ON> and <enter> to print the measured background 
in the result protocol. 
 
I12 

DELAY INJ P - INJ M (s) :2 
NUMBER IN RANGE  1.6  ...   5000.0 

 
Enter the delay between the injections by injector P (before 
counting position) and injector M in counting position (from 1.6 to 
5000 s). Then press <enter>. 
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I13 

DELAY INJ M - MEASURE (s) :0 
NUMBER IN RANGE  0.0  ...   5000.0 

 
Enter a possible delay between the injection by injector M in 
counting position and the start of the actual measurement (from 0 
to 5000 s). Then press <enter>. 
 
I14 

MEASUREMENT TIME (s)  :20 
NUMBER IN RANGE  0.1  ...   5000.0 

 
Enter the counting time over which the photon counts are to be 
integrated (from 0.1 to 5000 s). Then press <enter>. 
 
I15 

TEMPERATURE (DEG. CELSIUS) : 
NUMBER IN RANGE  0.0 - 42.0 

 
Enter the temperature for the sample chamber heating. See the 
<SET TEMP> menu in chapter 3.8. 
 
I16 

REPLICATES FOR MEAN CALCULATION:   ROWS 
  OFF COLUMNS ROWS 

 
Select option for calculation of the mean and the associated coef-
ficients of variation for adjacent sample groups ROW-wise or 
COLUMN-wise.  
Select <ROWS> and press <enter>.  
 
I17 

REPLICATES FOR MEAN CALCULATION: 6 
NUMBER IN RANGE  1  ...     96 

 
Enter the replicate group size of, say, “6” and press <enter>: In 
this case the mean and the coefficient of variation are calculated 
for 6 adjacent samples of each row (A1 - A6, A7 - A12, ...). The 
range that can be entered goes from 1 to 96, so that the entire 
plate may be used as one replicate group. 
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I18 

INPUT CORRECT: 
NO YES ---- 

 
Select <YES> to save the entered protocol which is then avail-
able for later measurements under the defined number. The pro-
gram returns to the READY display. Using the function 
<MODIFY> in the <PROTOCOL> menu you can change it any 
time. 
<NO> takes you back to display P6, i.e. the beginning of the pro-
tocol, and you can verify and/or correct the previously entered pa-
rameters. 
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5.4 REPEATED Counting Mode 

In this counting mode, long-term kinetics up to one hour can be 
determined through periodically repeated measurements of the 
microplate. 
The data is output in the respective printout of the RLU values of 
all samples for each time point. The most important field of appli-
cation is cellular luminescence. 
In this counting protocol the wells to be counted must already be 
defined since in this mode all parameters are dependent from 
each other. 
 
In this counting mode, injector Q can be used to inject a 3rd re-
agent. Please keep in mind, however, that this injection takes 
place only after the 1st measurement, i.e. the samples are meas-
ured using this reagent starting with the 2nd cycle. 
 
This counting protocol also allows an optional measurement of 
the background signal before the trigger reagent is injected by in-
jector M. The result is marked in accordance with the defined 
warning threshold. A printout of the background value can be se-
lected as an option.  
 
Select the counting mode by entering a new protocol number and 
a protocol name as described in section 5.2 (displays P1 to P7); 
then you get to the following entry sequence: 
 
R1 

MODE  : INTEGRATE 
 INTEGRATE KINETICS REPEATED 

 
Press <REPEATED> and <enter>. 
When selecting the raw data protocol mode REPEATED, a sam-
ple matrix of the microplate is defined which can be measured re-
peatedly over max. 60 cycles. 
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R2 

INJECTOR P  : ON 
  OFF ON ---- 

 
Pressing <ON> and <enter> activates injector P. This injection is 
performed only during the first measurement cycle. Pressing 
<OFF> and <enter> will turn off injector P and no injection takes 
place in the well before the counting position.  
Displays R3 and R12 appear only if you select <ON>. 
R3 

VOLUME INJECTOR P (µl)  : 50 
NUMBER IN RANGE  25   ...   300 

 
Change or confirm the displayed injection volume for injector P. 
Setting range: 25 µl - 300 µl. 
If you enter values outside this range, the system automatically 
uses the value shown in the upper right of the display. 
Press <enter> to use the value shown in the upper right of the 
display. 
 
R4 

INJECTOR M  : ON 
  OFF ON ---- 

 
Pressing <ON> and <enter> activates injector M (counting posi-
tion). This injection is performed only during the first measure-
ment cycle.  
Pressing <OFF> and <enter> will turn off injector M and no injec-
tion is made in the counting position.  
Displays R5, R8 to R11 and R13 appear only if you select <ON>. 
 
R5 

VOLUME INJECTOR M (µl)  : 50 
NUMBER IN RANGE  25   ...   300 

 
Change or confirm the displayed injection volume for injector P. 
Setting range: 25 µl - 300 µl. 
If you enter values outside this range, the system automatically 
uses the value shown in the upper right of the display. 
Press <enter> to use the value shown in the upper right of the 
display. 
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R6 

INJECTOR Q  : ON 
  OFF ON ---- 

 
Pressing <ON> and <enter> activates injector Q (counting posi-
tion) to inject into the well in the counting position. 
Please keep in mind, however, that this injection takes place only 
after the 1st measurement, i.e. the samples are measured using 
this reagent starting with the 2nd cycle. 
Displays R7 will be skipped if you select <OFF> and then <en-
ter>. 
 
R7 

VOLUME INJECTOR Q (µl)  : 50 
NUMBER IN RANGE  25   ...   100 

 
Change or confirm the displayed injection volume for injector P. 
Setting range: 25 µl - 100 µl. 
If you enter values outside this range, the system automatically 
uses the value shown in the upper right of the display. 
Press <enter> to use the value shown in the upper right of the 
display. 
 
R8 

BACKGROUND MODE  : CHECK 
     OFF CHECK ---- 

 
Press <CHECK> and <enter> to run a background measurement 
before the injection by injector M.  
When selecting <OFF> and pressing <enter> displays R9 to R11 
are skipped. 
 
R9 

BKGD MEASUREMENT TIME (s)  :0.5 
NUMBER IN RANGE  0.0  ...   1000.0 

 
Enter the counting time for a background measurement (from 0 to 
1000 s) and then press <enter>. 
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R10 

BKGD WARNING LEVEL  :100 
NUMBER IN RANGE  0  ... 100000.0 

 
Enter a warning level for the background (in RLU/s!) and press 
<enter>. If this value is exceeded during the background meas-
urement, the RLU value measured after injection is marked by an 
“!” in the printout. 
 
R11 

PRINT BACKGROUND  :ON 
  OFF ON ---- 

 
Press <ON> and <enter> to print the measured background in 
the result protocol. 
 
R12 

DELAY INJ P - INJ M (s) :3 
NUMBER IN RANGE  2.1  ...   5000.0 

 
Enter the delay between the injections by injector P (before 
counting position) and injector M in counting position (from 2.1 to 
5000 s). Then press <enter>. 
 
R13 

DELAY INJ M - MEASURE (s) :0 
NUMBER IN RANGE  0.0  ...   5000.0 

 
Enter a possible delay between the injection by injector M in 
counting position and the start of the actual measurement (from 0 
to 5000 s). Then press <enter>. 
 
R14 

START AT POSITION  : A1 
A1 ... H12    

 
Enter the well position for the first sample to be measured in a 
freely selectable, rectangular sample matrix. For example, enter 
“A1” and then <enter>: = “top left”. 
 



MicroLumat Plus Chapter 5: Counting Protocols 

5-15 

R15 

END AT POSITION  : D12   
A1 ... H12 

 
Enter the well position for the last sample to be counted in a 
freely selectable rectangular sample matrix. For example, “D12” 
and <enter>: = “bottom right”. The defaulted value range may be 
restricted in accordance with the entry in R9. 
 
R16 

SINGLE MEASUREMENT TIME (s) :0.7 
NUMBER IN RANGE  0.1  ...   5000.0 

 
Enter the single counting time for each data point of the sample 
during the individual measurement cycle (0.1 to 5000 s), e.g. “0.7” 
and <enter>. 
 
R17 

CYCLE TIME (s)  :300 
NUMBER IN RANGE  293.3  ...   5000.0 

 
Enter the cycle time each sample is to be measured repeatedly in 
the following scan cycle. The specified range (here: 293.3 to 5000 
s) defines the lower limit of the minimum time corresponding to 
the sum of the single measurements for one plate cycle. Enter the 
desired value and press <enter>.  
 
R18 

TOTAL TIME (s)  :4500 
NUMBER IN RANGE  300  ...   100000. 

 
Enter the total counting time (here: “4500”) and press <enter>, 
i.e. the time in which all consecutive counting cycles are com-
pleted. The specified range (here: 300 to 100,000 s) defines the 
lower limit of the calculated time for one counting cycle only. 
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R19 

NUMBER OF DATAPOINTS  15 
CHANGE PARAMS ACCEPT 

 
The number of possible counting cycles is calculated in accor-
dance with the above entries. Press   <ACCEPT> to accept your 
entries. The <CHANGE> softkey takes you back to display R8 
and you may now increase or reduce the number of possible data 
points (cycles) by editing individual parameters. 
 
R20 

TEMPERATURE (DEG. CELSIUS) : 
NUMBER IN RANGE 0.0 - 42.0 

 
Enter the temperature for the sample chamber heating. See the 
<SET TEMP> menu in chapter 3.8. 
 
R21 

INPUT CORRECT: 
  NO YES ---- 

 
<YES> stores the above entered protocol and returns you to the 
READY display.  
<NO> takes you back to display P6 (see section 5.2) and you can 
verify and/or correct the previously entered parameters. 
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6. Measurement 

6.1 Optimized Measurement Procedure 

Measurements with 
and without injectors In each of the three counting modes INTEGRATE, KINETICS and 

REPEATED, measurements can be run without injector, with one 
or two injectors. Based on the parameters you have entered, the 
program calculates the best measurement procedure, so that a 
measurement can be run in the quickest way possible. 
During measurement you can hear the motors of the drives for 
the counting head and sample tray and the injections of the injec-
tor pumps. At the same time, the display shows the operation the 
instrument is performing. In this manner you will get audio-visual 
information on the measurement procedure. 
Due to the configuration of the injector tips, P in pre-counting po-
sition, M and Q in counting position, the scan time for a mi-
croplate can be reduced drastically by using an interlaced meas-
urement procedure. 
Since an optimized counting procedure, for example with 2 injec-
tors, does not necessarily require a rigid succession of injection 
P, injection M and measurement for each defined sample, the 
noise you hear and the message you see on the display may be 
somewhat different from what you expected. We will therefore 
describe several examples of running a measurement for better 
understanding. 
 
 

Measurement with  
no injection This is the most simple case, counting samples one after the 

other (in REPEATED mode several times). Only the drive noise 
for counting head and sample traycan be heard and the display 
shows the well being measured at the moment. 
 
 

Measurement with  
one injection The display shows the present position of the light guide (fiber op-

tics) and injector tip M. When working with injector M, the respec-
tive well into which the injection is performed or which is being 
counted, is shown on the display. When using injector P you have 
to be aware that while the present well is being displayed 
(= counting position) an injection may already be performed into 
the next well. 
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The following procedures can be distinguished for measurements 
with one injector: 
 
1. Short delays 
With short delays between injection and measurement, injection 
and measurement follow upon each other for each sample. 
 
2. Longer delays 
If the delays (between injection and measurement) are a little 
longer than the counting time, injection and measurement can be 
performed parallel, provided injector P is being used.  
 
Example: 
Time between injection P and measurement: 10 s 
Length of measurement  8 s 
The pattern looks as follows: 
 
I1 I2 I3 I4M1 M2 M3

0 8 10 18 20 28 30... s  
 
I1...In   injection into the n-th well 
M1...Mn  measurement of the n-th well 
 
As the diagram shows, the individual samples are measured in a 
time interval of 10 s and not 18 s, as required when using injector 
M (counting position). One can save about 40% time for the entire 
procedure. 
 
3. Extremely long delays 
Extremely long delays with short counting times allow optimiza-
tion of the procedure by injecting into all samples first and then 
measuring the entire microplate. 
 
Example: 
Measurement parameters:  
Time between injection and measurement: 100 s 
Length of measurement  2 s 
Number of samples: 24  
 
Measurement  
Measurement procedure optimized: 
First, the injections take place into all samples in 2 s intervals 
each. 100 s after the start of the assay the individual samples are 
measured (each 2 s)  
The total time for the measurement procedure is less than 3 min. 
 

Time axis 
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Measurement procedure not optimized : 
With a rigid succession of injection (I) and measurement (M) for 
each well this measurement procedure would take 41 minutes. 
The time pattern would looks as follows: 
 

I2I1

0

M1

100

M2

202

I3

102 204

M3...

304... s  
 
 

Measurement with  
two injections More parameters have to be entered and optimization of the 

counting process becomes more complex for measurements with 
two injectors. Again a simple example: 
 
Time between injection IP and IM: 20 s 
Delay between injection IM and measurement (M): 5 s 
Counting time: 12 s 
Number of samples: 20 
 
Procedure not optimized : 20 x (20s + 5s + 12s) = 740 s 
 
 
Optimized procedure: 

1. Injection P in sample 1, after approx. 18 s in sample 2 

2. Injection M in sample 1, delay and measurement 

3. Injection P in sample 3 and shortly thereafter injection M in 
sample 2 and measurement etc. 

 

t
IP1 IM1 M1 IP3 IM3 M3 IP5 M4... s

IP2 IM2 M2 IM4IP4

 
 
 
20 seconds are needed for each sample, since during the time 
between injections P and M of the respective next sample the in-
jection and measurement of the current sample take place inter-
laced. 
 
Time required for optimized procedure: 20 x 20 s = 400 s 
 
 
Since the measurement procedure becomes even more complex 
when using 3 injectors, we will not included an example of the in-
terlaced measurement procedure. 
 

Time axis 

Time axis 
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6.2 General Procedure 

In this section we will describe how to run measurements. In gen-
eral, the following operations have to be performed, which are 
essentially the same for all counting modes: 

♦ Setting up a counting protocol (see Chapter 5) 

♦ Inserting the microplate with samples into the sample loading 
compartment and closing the compartment. 

♦ Possibly priming of the injector tubings in the <REAGENT 
LOAD> menu. This is redundant for measurements without 
reagent or if the injector system is already primed. 

♦ Starting the measurement in the <MEASUREMENT> menu by 
 - selecting the desired protocol 
 - entering special parameters for the measurement 
 - pressing the <start> button. 
 
 

A measurement can be started only when 

♦ the flap of the sample loading compartment  

 and 

♦ the counting chamber door are closed. 

 
 
 

For measurement, the counting head with guide piece al-
ways has to be positioned correctly in the guide rail with the 
big holes as otherwise the instrument will be damaged 
(damage of counting head, spillage of reagent into the count-
ing chamber !) 
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6.3 Starting a Measurement 

A measurement is started in the same manner for all three count-
ing modes, with the exception that in the counting mode 
REPEATED the positions to be measured need not be defined 
anymore, since they are already specified in the selected count-
ing protocol. 
Once you have completed all preparations you can start a meas-
urement by running through the following entry sequence: 
 
Main menu 

READY 
MEASUREMENT DIRECTORY other 

 
READY display (main menu). Select <MEASUREMENT>. 
 
M1 

ENTER PROTOCOL NUMBER : 1 
NUMBER IN RANGE  1 ..... 60 

 
Enter the protocol number.  
If the entered protocol number does not exist you will be informed 
accordingly:  
 

SELECTED PROTOCOL NOT USED OR UNDEFINED 
 PRESS EXIT 

 
To verify the protocol numbers you can print all protocols with 
number and name by selecting <DIRECTORY> in the main 
menu.  
Upon entry of an existing number and pressing <enter> the pro-
gram jumps to display M4 in the counting mode REPEATED; in 
the counting modes INTEGRATE and KINETICS you have to de-
fine the positions to be measured: 
 
M2 

START AT POSITION  :  G1 
A1 ... H12 

 
Enter the start position and press <enter>. The start position is 
the first well to be measured located in the “top left corner” (of any 
rectangular field of wells being measured ). The start position de-
fined for the last measurement is stored and displayed for each 
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protocol. The default value “A1” will be used for protocols that are 
called for the first time for measurement. The input range is dis-
played in the second line.  
 
M3 

END AT POSITION  :  H12 
G1 ... H12 

 
Enter the last position (“bottom right”) and press <enter>.  
This query does not appear for a REPEATED protocol. 
The input range is displayed in the second line, corresponding to 
the start position defined in M2. In our example (G1 was entered 
as “top left corner”) only “G1 ... H12” is possible. If you enter “G1” 
once more, only this well would be measured, if you enter “H12” 
rows G and H.  
By specifying the start and the end position you define a rectan-
gle inside which the wells are measured. Entering “G1” and “H3” 
as start and end position means that wells 
 G1 G2 G3 
 H1 H2 H3 
are measured. 
 
M4 

EXP. ID     :   LUCIFRASE 
ENTER STRING UP TO 31 CHAR. 

 
You may enter a name for this measurement and confirm it with 
<enter>. This name is output in the result printout. 
 
M5 

PLATE ID  : TEST 211 
ENTER STRING UP TO 11 CHAR. 

 
You may enter a name for the microplate and confirm it with <en-
ter>. This name is output in the result printout. If an experiment 
comprises the measurement of several plates, you may keep the 
same EXP.-ID for each measurement and just change the name 
for the PLATE ID. 
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M6 

INPUT CORRECT: 
  NO YES ---- 

 
<NO>: the program returns to the main menu. 
<YES>: display M7 or M8 appear next: 
 
M7 

INSERT A PLATE AND CLOSE DOOR ! 
  START 

 
This message appears only when the sample and/or counting 
chamber door are not closed and/or no microplate is inserted into 
the plate loading compartment. This message is displayed until 
the instrument is ready for measurement. 
 
M8 

PRESS SOFTKEY START FOR MEASUREMENT! 
  START 

 
This display appears when the instrument is ready to start a 
measurement. Now press the red <start> softkey! 
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6.4 INTEGRATE Counting Mode 

The light pulses counted during the measurement are integrated 
and output as one measured value in RLU for each sample. 
 
The mean with coefficient of variation (% C.V.) is calculated and 
output for the replicate groups defined in the counting protocol. 
 
 

Printout example 1: Replicate groups with 3 samples each - defined row-by-row 
 
Report header EG&G Berthold MicroLumat Plus LB 96 V V1.01          11.04.97   10:05:47 
 
 Protocol # and counting mode Prot. #  2 REPL TEST  MODE : INTEGRATE 
 
  EXP. ID: HELA-TRANSFER 
  Plate ID: PL 1 
 
 Measured area MEASURED AREA: A1  ...   H6 MEASUREMENT TIME (sec) :  10.0 
 
 Defined injectors INJECTOR P :  OFF  DELAY INJ P - INJ M (sec) :    0.0 
 with delays INJECTOR M :  50ul  DELAY INJ M - MEASURE (sec) :   0.1 
 BG measurement yes/no INJECTOR Q :  OFF 
  BACKGROUND MODE : OFF 
 
 
 
Measurement data 
 Position in row        1     2     3     4     5     6 
  
 Measured values for each sample A rlu  222 222 253 314 393 322 
 Mean values and  MEAN    232   348 
 coefficients of variation  %C.V.    12.9   12.5 
 for each replicate group 
  B rlu  1224 1149 1163 10240 10129 10406 
   MEAN    1179   10258 
   %C.V.    3.3      1.36 
 
  : :  : : : : : : 
 
  H rlu  10240 10129 10406  9320474   9648718 9271631 
   MEAN    10258   9413608 
   %C.V.       1.35          2.18 

 

Figure 6-1: Report printout of measurement in the INTEGRATE mode. 
The organization of the data shows the replicate definition: replicate 
groups consisting of 3 samples each, defined row-by-row 
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Printout example 2: Replicate groups with 3 samples each - defined column-by-
column 
 

 
Report header EG&G Berthold MicroLumat Plus LB 96 V V1.01  11.04.97  11:05:47 
 
 Protocol # and counting mode Prot. #  2 REPL TEST  MODE :    INTEGRATE 
 
  EXP. ID: HELA-TRANSFER 
  Plate ID: PL1 
 
 Measured area MEASURED AREA: A1  ...   F6 MEASUREMENT TIME (sec) :  10.0 
 
 Defined injectors INJECTOR P :  OFF  DELAY INJ P - INJ M (sec) :    0.0 
 with delays INJECTOR M :  100ul  DELAY INJ M - MEASURE (sec) :   0.1 
 BG measurement yes/no INJECTOR Q :  OFF 
  BACKGROUND MODE : OFF 
 
 
Measurement data 
 
 Position in row       1     2     3     4         5 6 
  
 Measured values for each sample A rlu 267 231  222  314    1224         10240 
  B rlu 269 272  222  393    1149         10129 
  C rlu 220 224  253  322    1163         10406 
 Mean values and MEAN  252 242  232  343    1179         10258 
 coefficients of variation %C.V.   11.1 10.7   7.8  12.5  3.4 1.4 
 for each replicate group 
  D rlu 1224 103925  231 1094374    9320474  24078104 
  E rlu 1149 105636  272 1096465    9648718  24343408 
  F rlu 1163   99960  224 1123255    9271632 24433444 
  MEAN  1179 103174  242 1104698    9413608 24284985 
  %C.V.     3.4       2.8  10.7       1.5 2.2 0.8 

 

Figure 6-2: Report printout of measurement in the INTEGRATE mode. 
The organization of the data shows the replicate definition: replicate 
groups consisting of 3 samples each, defined column-by-column 
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Printout example 3: No replicates are defined 
 

 
Report header EG&G Berthold MicroLumat Plus LB 96 V  V1.01  11.04.97    11:05:47 
 
 Protocol # and counting mode Prot. #  2 REPL TEST  MODE : INTEGRATE 
 
  EXP. ID: HELA-TRANSFER 
  Plate ID: PL2 
 
 Measured area MEASURED AREA: A1  ...   C10 MEASUREMENT TIME (sec) :  1.0 
 
 Defined injectors INJECTOR P :  50ul  DELAY INJ P - INJ M (sec) :  3.0 
 with delays INJECTOR M :  50ul  DELAY INJ M - MEASURE (sec) : 0.5 
 BG measurement yes/no INJECTOR Q :  OFF 
  BACKGROUND MODE : CHECK  BKGD MEASUREMENT TIME (sec) : 1.0 
       BKGD WARNING LEVEL (RLU/sec) : 100 
 
 
Measurement data 
 
 Position in row  1 2 3 4 5 6 7 8 9 10 
  
 Measured values for each sample A rlu  267  231  222  314  1224 10240   222    314  1224 104567 
 
  B rlu  269  272  222  393  1149     10129  1224 103925    231 1094374 
 
  C rlu      105636  272  1096465   1163 99960  11232   9271     244334  9320    240781 

 

Figure 6-3: Report printout of measurement in the INTEGRATE mode 
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6.5 KINETICS Counting Mode  

In this counting mode the light emission is printed out for each 
sample as a 20-point kinetics curve over the counting time. The 
printout also includes information on the peak maximum and the 
total integral of each sample. 
 
 

Printout example : 
 

Report header EG&G Berthold MicroLumat Plus LB 96 V  V1.01      11.04.97  11:05:47 
 
 Protocol # and counting mode Prot. #  2 KIN TEST  MODE :    KINETICS 
 
  EXP. ID: HELA-TRANSFER 
  Plate ID: PL 3 
 
 Measured area MEASURED AREA: A1  ...   F3 MEASUREMENT TIME (sec) :  1.0 
 
 Defined injectors INJECTOR P :   OFF DELAY INJ P - INJ M (sec) :  0.0 
 with delays INJECTOR M :   50ul DELAY INJ M - MEASURE (sec) : 0.5 
 BG measurement yes/no INJECTOR Q :   OFF 
  BACKGROUND MODE :  OFF 
 
 
Measurement data 
 
 Sample A1 A 1  
 Integral value INTEGRATED COUNTS  4011 
 Peak maximum MAXIMUM COUNTS    315 
 
 Measured values of sample A1 149  * 
  150   * 
  151   * 
Measured value axis 151   * 
  151   * 
  152    * 
  153     * 
 Time axis 152   * 
  154    * 
  160       * 
  170          * 
  195   * 
  231         * 
  257     * 
  272         * 
  286             * 
  298                * 
  315                   * 
  313                 * 
 
 Sample A2 A 2  
 Integral value INTEGRATED COUNTS  6450 
 Peak maximum MAXIMUM COUNTS    532 
 
 Measured values of sample A2 232           * 
  328      * 
  380          * 
  : 
  etc. 
 

Figure 6-4: Report printout of measurement in the KINETICS mode 
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6.6 REPEATED Counting Mode  

In this counting mode the microplate is measured repeatedly. 
Each data point is printed for each sample in the unit RLU/s. 
 
 

Printout example : 
 

Report header EG&G Berthold MicroLumat Plus LB 96 V  V1.0! 11.04.97 11:05 :47 
 
 Protocol # and counting mode Prot. #  4 REPEATED 1  MODE :    REPEATED 
 
  EXP. ID: PHAGOCYTOSIS 
  Plate ID: PLATE1 
 
 Measured area MEASURED AREA:       A1  ...    C10 MEASUREMENT TIME (sec) :  2.0 
 
 Defined injectors INJECTOR P :   OFF DELAY INJ P - INJ M (sec) :  0.0 
 with delays INJECTOR M :   150ul DELAY INJ M - MEASURE (sec) : 0.5 
 BG measurement yes/no INJECTOR Q :   OFF 
  BACKGROUND MODE :  OFF 
 
 
Measurement data 
 
    1 2 3 4 5 6 7 8 9  
  
 Start time for measurement 
 of first cycle PLATE ID : PLATE1  ELAPSED TOTAL TIME (sec) :    0.0 
  
 Measured values for each sample A rlu/s 214 320 714 623 513 710 125 111 366 
 of the plate in the first cycle = 
 first data point of each sample B rlu/s 414 451 391 347 313 973 311 622 342 
  
  C rlu/s 312 112 312 426 323 612 331 444 345 
 
 Start time for measurement 
 of second cycle PLATE ID :PLATE1  ELAPSED TOTAL TIME (sec) :    300 
  
 Measured values for each sample A rlu/s 114 340 561 323 413 819 325 219 366 
 of the plate in the second cycle =  
 second data point of each sample B rlu/s 216 781 351 435 313 663 111 352 742 
  
  C rlu/s 712 392 782 210 314 592 351 555 445 
 
 Start time for measurement 
 of third cycle PLATE ID : PLATE1  ELAPSED TOTAL TIME (sec) :    600 
  
 Measured values for each sample A rlu/s 424 669 771 113 513 660 325 391 166 
 of the plate in the third cycle = 
 third data point of each sample B rlu/s 516 781 951 155 343 997 391 622   42 
  
  C rlu/s 813 562 352 820 613 782 301 834 345 
 
  : 
  etc. 
 

Figure 6-5: Report printout of measurement in the REPEATED mode 
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7. Special Functions 

7.1 Prime/Wash Injection System 

The <REAGENT> function is used to prime the injectors with re-
agent, to wash the injectors when changing reagents or before 
turning off the instrument over night. During the priming or wash-
ing process the injector tips are positioned outside the microplate 
over a small sink which is connected to the outlet of a waste bot-
tle via an aspiration pump (rear of the MicroLumat Plus). No mi-
croplate will be wasted for the priming process. Priming or wash-
ing can be performed automatically or manually.  
  

READY : 
MEASUREMENT DIRECTORY other 

 
Select <other>. The next display appears. 
 

READY : 
 PROTOCOLS SET TEMP  other 

 
Press <other> once more to get to the third display. 
 

READY : 
 REAGENT SET UP other 

 
Automatic prime function 

RL1 

READY : 
 PRIME REFRESH other 

 
Select the automatic <PRIME> function. 
 
RL2 

PRIME :  
 INJ. P INJ. M INJ. Q  

 
Pressing on one of the injector softkeys activates that injector and 
the respective tubing is filled with reagent. The injection volume is 
7 x 300 µl. Upon completion of the injection, display RL2 appears 
again and you can exit it by pressing the <exit> button. 
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Refreshing Reagents 
RL3 

READY :  
 PRIME REFRESH other  

 
Select the <REFRESH> function to reject the first 100 µl in the in-
jection tubing after a longer period of inactivity. 
 
RL4 

REFRESH :  
 INJ. P INJ. M INJ. Q  

 
Pressing on one of the injector softkeys injects 100 µl of the re-
spective reagent into the collection bottle. Upon completion of the 
injection, display RL4 appears again and you can exit this display 
by pressing the <exit> button. 

 
Washing the injection system 

RL5 

READY :  
 PRIME REFRESH other  

 
Press <other> to switch to the other two wash functions. 
 
RL6 

READY :  
 WASH MANUAL UNLOAD other  

 
Select the <WASH> function and you get to the query which in-
jection tubings are to be washed. 
 
RL7 

INJECTOR P  :   ON 
  OFF ON ---- 

 
Press <ON> and <enter> to activate the prime/wash function for 
injector P (injector before the counting position.  
If you select <OFF> injector P is turned off and the tubing is not 
washed; the function for injectors M and Q can be executed nev-
ertheless. 
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    RL8 

INJECTOR M  : ON 
  OFF ON ---- 

 
Press <ON> and <enter> to activate the prime/wash function for 
injector M (1st injection in counting position).  
If you select <OFF> this injector is turned off. 
 
RL9 

INJECTOR Q  : ON 
  OFF ON ---- 

 
Press <ON> and <enter> to activate the prime/wash function for 
injector Q (2nd injection in counting position).  
If you select <OFF> this injector is turned off. 
 
RL10 

NUMBER OF CYCLES  :  15 
NUMBER IN RANGE  1  ...  100 

 
Enter the number of injections carried out by the previously acti-
vated injectors. The highest volume possible will always be in-
jected, i.e. a little more than 300 µl. This means that >4.5 ml will 
be injected in 15 cycles. 
Then the system starts with the defined injections to prime or 
wash the injector tubings. The display shows:  
 
RL11 

INJECTING 
 

 
Upon completion of this process the program returns to the main 
menu: 
 

READY : 
MEASUREMENT DIRECTORY other 

 
Return to the READY display. 
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Manual Unload 
As described above, pressing <other> in display RL5 will take 
you to display RL12. 
 
RL12 

READY : 
 WASH MANUAL UNLOAD other 

 
Select the <MANUAL UNLOAD> function to pump the reagents 
in the injection tubing back into the reagent bottles after the 
measurement. 
 
RL13 

MANUAL UNLOAD 
  INJ. P INJ. M INJ. Q 

 
If you press one of the injector softkeys, 300 µl of the respective 
reagent are pumped back. Upon completion of this action you get 
back to display RL13 and you can quit this display by pressing 
the <exit> button. 
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7.2 Counting Protocol Printout 

To get an overview of all existing counting protocols you can print 
all protocols with number and name. When your printer is on-line, 
select the function <DIRECTORY> from the main menu by press-
ing the respective touch-key. The printout starts directly. Protocol 
numbers that are not used will be marked “NOT USED”. No entry 
is possible during printing. 
 

READY : 
MEASUREMENT DIRECTORY other 
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8. Measurement of 384-well microplates 

 
Similar to 96-well plate measurement the measurement of 384-
well plates, data evaluation and data output are controlled by the 
internal microprocessor of the MicroLumat Plus. In the first step, 
the parameters for a measurement have to be entered in a so-
called counting protocol and stored in the <PROTOCOLS> menu. 
The actual measurement takes place by calling and starting this 
protocol in the <MEASUREMENT> menu. Counting protocols are 
set up via softkey-guided dialogs. Up to 60 counting protocols can 
be stored, including all information for injector control, plate for-
mat, measurement and data analysis.  
 
 

Please keep in mind: Using the 384-well plate format only the INTEGRATE counting 
mode can be used without injectors. Therefore you can not select 
the counting mode or injectors.  
 
For measurements in the INTEGRATE mode, the light pulses are 
integrated for each sample within a freely selectable counting 
time (0.1 to 5000 s). In this mode, the mean and the coefficient of 
variation are also calculated and output for replicate groups. 
 
 

 Explanation Below we will describe the entry sequence for the 384-well plate 
protocol in detail.  
How to enter data in a protocol and how to start a measurement 
is described in sections 8.1 and 8.2 by  

a) presenting the displays and 

b) text providing information about a particular display. 
 

 Display Functions which can be selected by pressing the respective soft-
key on the instrument are underlined. The text and numerical en-
tries are just examples and are also underlined in the respective 
displays. 
Thus, the difference between program default and individual entry 
is obvious right away. 
 

 Explanation Menus, program functions and the function keys are written in 
angular brackets <> in boldface. Text and numerical data are put 
in quotation marks and boldface. Actions required by the user are 
thus immediately evident. 
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8.1 Counting Protocols 

Starting from the Main menu, proceed as follows to enter a new, 
to delete or to modify a protocol: 
 

READY 
MEASUREMENT DIRECTORY other 

 
READY display (main menu). 
 
RP1 

READY : 
 PROTOCOLS SET TEMP other 

 
Select <PROTOCOLS> to call the protocol entry menu. 
 
RRP2 

PROTOCOLS: 
 MODIFY NEW/DELETE ---- 

 
Select <MODIFY> if you wish to edit an existing protocol. Then 
enter the respective number. 
Select <NEW/DELETE> to create a new protocol or to delete an 
existing one. 
 
RP3 

ENTER PROTOCOL NUMBER : 1 
NUMBER IN RANGE  1  ...   60 

 
When you select <NEW/DELETE> and enter the number of an 
existing protocol, this protocol is deleted and overwritten by the 
new one! 
Enter a new number if you want to create a new protocol. You 
can check which protocol numbers are still unused by selecting 
<DIRECTORY> from the main menu and printing out the num-
bers and names of all existing protocols. 
Example: “1” and then <enter>: Enter the number under which 
the new protocol is to be stored (from 1 to 60). 
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RP4 

PROTOCOL NAME  :UNDEFINED  
ENTER STRING UP TO 11 CHAR. 

 
No protocol name has been defined yet. Enter any name you like 
via the alphanumeric keyboard; max. length 11 characters. 
  
RP5 

PROTOCOL NAME  :LUCIFERASE1 
ENTER STRING UP TO 11 CHAR. 

 
Example: “LUCIFERASE1” and <enter>.  
Enter any protocol name with up to 11 letters. The name you 
have entered appears in the first line, overwriting the default 
“UNDEFINED”. Confirm your entry with <enter>. 
 
 
RP6 

MEASUREMENT TIME (s)  :5 
NUMBER IN RANGE  0.1  ...   5000.0 

 
Enter the counting time over which the photon counts are to be 
integrated (from 0.1 to 5000 s). Then press <enter>. 
 
RP7 

TEMPERATURE (DEG. CELSIUS) : 
NUMBER IN RANGE  0.0 - 42.0 

 
Enter the temperature for the sample chamber heating. See the 
<SET TEMP> menu in chapter 3.8. 
 
RP8 

REPLICATES FOR MEAN CALCULATION:   ROWS 
  OFF COLUMNS ROWS 

 
Select option for calculation of the mean and the associated coef-
ficients of variation for adjacent sample groups ROW-wise or 
COLUMN-wise.  
Select <ROWS> and press <enter>.  
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RP9 

REPLICATES FOR MEAN CALCULATION: 6 
NUMBER IN RANGE  1  ...     96 

 
Enter the replicate group size of, say, “6” and press <enter>: In 
this case the mean and the coefficient of variation are calculated 
for 6 adjacent samples of each row (A1 - A6, A7 - A12, ...). The 
range that can be entered goes from 1 to 96, so that the entire 
plate may be used as one replicate group. 
 
RP10 

INPUT CORRECT: 
NO YES ---- 

 
Select <YES> to save the entered protocol which is then avail-
able for later measurements under the defined number. The pro-
gram returns to the READY display. Using the function 
<MODIFY> in the <PROTOCOL> menu you can change it any 
time. 
<NO> takes you back to display RP4, i.e. the beginning of the 
protocol, and you can verify and/or correct the previously entered 
parameters. 
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8.2 Starting a Measurement 

In this section we will describe how to run measurements in the 
384-well microplate format. Once you have completed all prepa-
rations you can start a measurement by running through the fol-
lowing entry sequence: 
 
Main menu 

READY 
MEASUREMENT DIRECTORY other 

 
READY display (main menu). Select <MEASUREMENT>. 
 
RM1 

ENTER PROTOCOL NUMBER : 1 
NUMBER IN RANGE  1 ..... 60 

 
Enter the protocol number.  
If the entered protocol number does not exist you will be informed 
accordingly:  
 

SELECTED PROTOCOL NOT USED OR UNDEFINED 
 PRESS EXIT 

 
To verify the protocol numbers you can print all protocols with 
number and name by selecting <DIRECTORY> in the main 
menu.  
Upon entry of an existing number and pressing <enter> the pro-
gram jumps to display M4 in the counting mode REPEATED; in 
the counting modes INTEGRATE and KINETICS you have to de-
fine the positions to be measured: 
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M2 

START AT POSITION  :  H12 
A1 ... H12 

 
Enter the start position and press <enter>. The start position is 
the first well to be measured located in the “top left corner” (of any 
rectangular field of wells being measured ). The start position de-
fined for the last measurement is stored and displayed for each 
protocol. The default value “A1” will be used for protocols that are 
called for the first time for measurement. The input range is dis-
played in the second line.  
 
RM3 

END AT POSITION  :  J15 
H12 ... P24 

 
Enter the last position (“bottom right”) and press <enter>.  
This query does not appear for a REPEATED protocol. 
The input range is displayed in the second line, corresponding to 
the start position defined in RM2. In our example (H12 was en-
tered as “top left corner”) only “H12 ... P24” is possible. If you en-
ter “H12” once more, only this well would be measured.  
By specifying the start and the end position you define a rectan-
gle inside which the wells are measured. Entering “H12” and 
“J15” as start and end position means that wells 
 
 H12 H13 H14 H15 
 I12 I13 I14 I15 
 J12 J13 J14 J15 
are measured. 
 
RM4 

EXP. ID     :   LUCIFRASE 
ENTER STRING UP TO 31 CHAR. 

 
You may enter a name for this measurement and confirm it with 
<enter>. This name is output in the result printout. 
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M5 

PLATE ID  : TEST 211 
ENTER STRING UP TO 11 CHAR. 

 
You may enter a name for the microplate and confirm it with <en-
ter>. This name is output in the result printout. If an experiment 
comprises the measurement of several plates, you may keep the 
same EXP.-ID for each measurement and just change the name 
for the PLATE ID. 
 
RM6 

INPUT CORRECT: 
  NO YES ---- 

 
<NO>: the program returns to the main menu. 
<YES>: display RM7 or RM8 appear next: 
 
RM7 

INSERT A PLATE AND CLOSE DOOR ! 
  START 

 
This message appears only when the sample and/or counting 
chamber door are not closed and/or no microplate is inserted into 
the plate loading compartment. This message is displayed until 
the instrument is ready for measurement. 
 
RM8 

PRESS SOFTKEY START FOR MEASUREMENT! 
  START 

 
This display appears when the instrument is ready to start a 
measurement. Now press the red <start> softkey! 
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8.3 General Procedure 

In this section we will describe how to run measurements. In gen-
eral, the following operations have to be performed, which are 
essentially the same for all counting modes: 

♦ Setting up a counting protocol (see Chapter 8-1) 

♦ Inserting the microplate with samples into the sample loading 
compartment and closing the compartment. 

♦ Starting the measurement in the <MEASUREMENT> menu by 
 - selecting the desired protocol 
 - entering special parameters for the measurement 
 - pressing the <start> button. 
 
 

A measurement can be started only when 

♦ the flap of the sample loading compartment  

 and 

♦ the counting chamber door are closed. 

 
 
 

For measurement of 384-well microplates, the counting head 
with guide piece always must be positioned correctly in the 
guide rail containing  the small holes (3mm) as otherwise the 
instrument will be damaged (damage of counting head !) 
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8.4 Explanations of the Measurement 

The light pulses counted during the measurement are integrated 
and output as one measured value in RLU for each sample. 
The mean with coefficient of variation (% C.V.) is calculated and 
output for the replicate groups defined in the counting protocol. 
 
 

Printout example 1: Replicate groups with 3 samples each - defined row-by-row 
 
Report header EG&G Berthold MicroLumat Plus LB 96 V V2.00          11.04.98   17:35:41 
 
 Protokoll # and Prot. #  2 LUCIFERASE1  MODE : INTEGRATE 
 counting mode 
 (= Integrate) EXP. ID: LUCIFERASE 
 
  Plate ID: TEST 211 
 
 Measured Area MEASURED AREA: A1  ...  C24 MEASUREMENT TIME (sec) :   1.0 
 
 No injections with INJECTOR P :  OFF  DELAY INJ P - INJ M (sec) :   0.0 
 delay times or  INJECTOR M :  OFF  DELAY INJ M - MEASURE (sec) :  0.0 
 BG-Measurement INJECTOR Q :  OFF 
 possible BACKGROUND MODE : OFF 
 
 defined      SET TEMPERATURE (DEG. CELSIUS): 28.0 
 temperature  
Measurement data 
 
 Position in row 1    2   3 4 5 6 7 8 9 10 11 12 
  13   14   15 16 17 18 18 20 21 22 23 24 
  
 Measured values            A rlu     267    269    220  231  272  224 222 222 253    314       393     322 
 for each sample            1224 1149  1163 10240 10129 10406  1124  1149  1163 103925 105636    99960 
 Mean values and        MEAN       252    242   232       343 
 and coefficients      1179               10258                1179                103174 
 of variations                %C.V.       11.1                  10.7    7.8      12.5 
 for each replicate       3.4                    1.4    3.4        2.8 
 group 
  B rlu      267    269    220   231   272    224   222 222          253    314       393     322 
             1224  1149  1163     10240     10129       10406 1124      1149        1163         103925 105636 99960 
                                    MEAN       252      242    232       343 
       1179                 10258                 1179                103174 
                                     %C.V.      11.1      10.7     7.8      12.5 
      3.4        1.4     3.4        2.8 
 
  C rlu 267    269    220   231    272          224   222 222 253    314       393     322 
            1224  1149  1163     10240      10129      10406 1124      1149       1163          103925 105636 99960 
                                    MEAN       252      242                  232       343 
       1179                 10258                1179                103174 
                                     %C.V.      11.1     10.7    7.8      12.5 
        3.4       1.4    3.4        2.8 
 

 
Figure. 8-1: Report printout of  measurement in the 384-well plate format. The 
organization of the data shows the replicate definition: replicate groups con-
sisting of 3 samples each, defined row-by-row. 
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Printout example 2: Replicate groups with 3 samples each - defined column-by-
column 

 
Report header EG&G Berthold MicroLumat Plus LB 96 V V2.00          11.04.98   17:35:41 
 
 Protokoll # and Prot. #  2 LUCIFERASE1  MODE : INTEGRATE 
 counting mode 
 (= Integrate) EXP. ID: LUCIFERASE 
 
  Plate ID: TEST 211 
 
 Measured Area MEASURED AREA: A1  ...  C24 MEASUREMENT TIME (sec) :   1.0 
 
 No injections with INJECTOR P :  OFF  DELAY INJ P - INJ M (sec) :   0.0 
 delay times or  INJECTOR M :  OFF  DELAY INJ M - MEASURE (sec) :  0.0 
 BG-Measurement INJECTOR Q :  OFF 
 possible BACKGROUND MODE : OFF 
 
 defined      SET TEMPERATURE (DEG. CELSIUS): 28.0 
 temperature  
Measurement data 
 
 Position in row 1    2   3 4 5 6 7 8 9 10 11 12 
  13   14   15 16 17 18 18 20 21 22 23 24 
  
  
 Measured values         A rlu     267      231     222       314   1224      10240   1224    103925     231  1094374   9320474  24078104 
 for each sample          1224  10240     314   10129     222    103925          231   1163      10240          267       314      1224 
                                     B rlu     267      272     222       394   1149 10129   1149    105635     272  1096465   9648718  24343408 
           1149  10129     394   10240     222    105635     272   1224 10406          267           394      1163 
                                     C rlu     220      224     253       322     253 10406   1163 99960     224  1123255   9271632  24433444 
           1163     10406     322   10406 10129 99960     224   1149 10129          220           322      1149 
 
 Mean values and      MEAN     252      242     232       343   1179 10258   1179    103174     242  1104698   9413606  24284985 
 and coefficients          1179  10258     343   10258     232    103174     242   1179 10258          252       343         1179 
 of variation                %C.V.    11.1     10.7      7.8      12.5      3.4      1.4      3.4      2.8    10.7   1.5            2.2 for each 
replicte group 
 group                                        3.4       1.4    12.5        1.4      7.8      2.8    10.7      3.4      1.4 11.8      12.5         3.4 
 

  
Figure. 8-2: Report printout of measurement in the 384-well plate format. The 
organization of the data shows the replicate definition: replicate groups con-
sisting of 3 samples each, defined column-by-column. 
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Printout example 3: No replicates are defined  
 
Report header EG&G Berthold MicroLumat Plus LB 96 V V2.00          11.04.98   17:35:41 
 
 Protokoll # and Prot. #  2 LUCIFERASE1  MODE : INTEGRATE 
 counting mode 
 (= Integrate) EXP. ID: LUCIFERASE 
 
  Plate ID: TEST 211 
 
 Measured Area MEASURED AREA: A1  ...  C24 MEASUREMENT TIME (sec) :   1.0 
 
 No injections with INJECTOR P :  OFF  DELAY INJ P - INJ M (sec) :   0.0 
 delay times or  INJECTOR M :  OFF  DELAY INJ M - MEASURE (sec) :  0.0 
 BG-Measurement INJECTOR Q :  OFF 
 possible BACKGROUND MODE : OFF 
 
 defined      SET TEMPERATURE (DEG. CELSIUS): 28.0 
 temperature  
Measurement data 
 
 Position in row 1    2   3 4 5 6 7 8 9 10 11 12 
  13   14   15 16 17 18 18 20 21 22 23 24 
  
  
 Measured values A rlu     267  24231   222     314   1224 10240     1224 103935       231   10943   93204 240781 
 for each sample           3645      568   746   8495   8473   1645 555464       343  232542   52342   46483 736373 
 
  B rlu     267      269   220     231     272     224        222       222        253       314       393     4322 
            1224    1149 1163 10240 10129 10406      1124     1149      1163 103925 105636 699960 
 
  C rlu     267      269   220     231     272     224        222       222        253       314       393     9322 
            1224    1149 1163 10240 10129 10406      1124     1149      1163 103925 105636   99960 

 
Figure. 8-3: Report printout of measurement in the 384-well plate format. 
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9. External Computer Connection  

9.1 Transfer Parameters and Connection Cable 

The measured data can be transferred from the MicroLumat Plus 
to an external computer (e.g. IBM compatible PC) via the serial 
RS 232 interface using the cable set LB 24700, which comprises 
a 9-pin type connection cable for the computer and a 9 to 25-pin 
type adapter. Only instruments with interfaces classified as safely 
separated according to IEC 950 may be connected. 
 
Remove the short-circuit plug on the “I/O-Port” and connect the 
MicroLumat Plus to your host computer or PC (e.g. COM 1) using 
one of the above mentioned cables 
 
 
The following transfer parameters of the serial interface have 
been defaulted by the manufacturer: 
 
9600 baud; 8 data bits; 1 stop bit;  
parity bit: even (RS 232 level). 
 
 
The following data and control signals are used (25-pin CANNON 
connector DB 25 P): 
 
Pin 1  cable shield 
Pin 2 TxD transmit data 
Pin 3 RxD  receive data 
Pin 4 RTS request to send (always “on”) 
Pin 5 CTS clear to send 
Pin 6 DSR data set ready 
Pin 7  signal ground 
Pin 8 DCD data carrier detect 
Pin 20 DTR data terminal ready 
 
 
On the output side a handshake mode is foreseen using the con-
trol lines CTS, DSR and DCD. All three lines must be in the ON 
state for data transfer! 
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9.2 Format Selection 

In the <SET UP> menu the individual output formats can be 
changed for data transfer via the serial RS232 interface. 
 

READY : 
MEASUREMENT DIRECTORY other 

 
Change display to the second main menu window. 
 

READY : 
PROTOCOLS SET TEMP other 

 
Change display to the third main menu window. 
 

READY : 
REAGENT LOAD SET UP other 

 
Select <SET UP>. 
 
S1 

SET UP OPTIONS 
DATE/TIME INSTR-PARAM RS232-LINE 

 
Select <RS232-LINE> to define the output format of the serial 
RS 232 interface. 
 
S2 

RS232 OUTPUT SELECT :  PHAGO SW  
  OFF SPREADSHEET other 

 
The first line shows the defaulted data format.  
The following formats can be selected in the second line: 
<OFF>: no data transfer to the serial interface. 
<SPREADSHEET> as data format and <other> to get to the next 
display: 
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S3 

RS232 OUTPUT SELECT :  PHAGO SW  
PHAGO SW LBIS SW other 

 
The defaulted format is still shown in the first line. Two further 
formats may be selected.  
If you press <other> the display returns to S2. 
 
Select one of the four output formats and press the <enter> key. 
Then you have to confirm the query: 
 
S4 

INPUT CORRECT  ? 
     NO YES ---- 

 
If you select <NO> the program returns to display S2 and you can 
run through the RS232 options once more. 
Press <YES> to confirm your selection; the program returns to 
the main menu. 
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9.3 Data Formats 

Output with Format OFF When OFF is selected no results are sent to the serial interface. 
 
 

Output with  
SPREADSHEET Format In the counting modes INTEGRATE and REPEATED the results 

are output as 9-digit ASCII string. The results for adjacent wells of 
the microplate are separated by the ASCII character for HARD 
TAB. When going from one row of the microplate to the next row 
below (e.g. from A12 to B1) the results are separated by an addi-
tional <CR> <LF> (Carriage Return/Line Feed). 
 
 

Example: 
 

Results of first plate row  WWWWWWWWW<HARD TAB> 
 WWWWWWWWW<HARD TAB> 
 WWWWWWWWW<HARD TAB>  
 WWWWWWWWW<HARD TAB> 
 (etc.) 
 WWWWWWWWW<HARD TAB><CR><LF> 
 
 

Results of second plate row   WWWWWWWWW<HARD TAB> 
 WWWWWWWWW<HARD TAB> 
 WWWWWWWWW<HARD TAB> 
 WWWWWWWWW<HARD TAB> 
 (etc.) 
 WWWWWWWWW<HARD TAB><CR><LF> 
 
 (etc.)  (etc.) 
 
 
For measurements in the REPEATED mode an additional <CR> 
<LF> (Carriage Return/Line Feed) is sent after each of the peri-
odically repeated counting cycles of the microplate. 
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Output with 
PHAGO SW Format  This output format is mainly used for data transfer of measure-

ments in the REPEATED mode, e.g. cellular luminescence 
measurement. The actual results are preceded by a header in-
cluding the following information: 
 
- Total counting time as 9-digit ASCII string (AAAAAAAAA) 

- Single counting time per well position as 9-digit ASCII string 
(BBBBBBBBB) 

- Number of samples to be measured as 9-digit ASCII string 
(CCCCCCCC) 

- Number of data points per curve as 9-digit ASCII string 
(DDDDDDDDD) 

 
The header is separated from the results that follow by an addi-
tional <CR> <LF>. 
The individual results (RLU/sec) are output as 9-digit ASCII string 
and separated within each scan cycle by the ASCII character for 
a HARD TAB. Each cycle (scan) of the plate is terminated by a 
<CR> <LF> (Carriage Return/Line Feed). The end of the meas-
urement is indicated by two additional <CR> <LF>. 
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Example: 
 

Header of measured data  AAAAAAAAA<CR><LF> 
 BBBBBBBBB<CR><LF> 
 CCCCCCCCC<CR><LF> 
 DDDDDDDDD<CR><LF> 
 <CR><LF> 
 

1st scan cycle  WWWWWWWWW<HARD TAB> 
 WWWWWWWWW<HARD TAB> 
 (etc.) 
 WWWWWWWWW<HARD TAB><CR><LF> 
 

2nd scan cycle  WWWWWWWWW<HARD TAB> 
 WWWWWWWWW<HARD TAB> 
 (etc.) 
 WWWWWWWWW<HARD TAB><CR><LF> 

etc. 
 

last scan cycle  WWWWWWWWW<HARD TAB> 
 WWWWWWWWW<HARD TAB> 
 (etc.) 
 WWWWWWWWW<HARD TAB><CR><LF> 
 

End of measurement   <CR><LF> 
 <CR><LF> 
 
 
 
For measurements in the INTEGRATE mode the four-line header 
is omitted; the following results correspond in their format to one 
scan cycle. 
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Output in the  
LBIS SW Format  This format is used by the Universal Immunoassay PC software 

“LBIS” by EG&G Berthold. In the INTEGRATE mode each meas-
ured value starts with the ASCII character for a colon, followed by 
10 digits representing the selected RLU factor. Without further di-
vision the counting signal is then output as 11-digit ASCII charac-
ter string (= RLU value). The character string is terminated by the 
ASCII character <CR> <LF> (Carriage Return/Line Feed). The 
output of the following result starts again with a colon, etc. 
 
 

Example: 
 

First measured value   :FFFFFFFFFFWWWWWWWWWW<CR><LF> 
Second measured value  :FFFFFFFFFFWWWWWWWWWW<CR><LF> 

 (etc.)  (etc.) 
 
 
F = digits of the RLU factor 
W = digits of the result 
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10. Measurement in the Robot Version 

10.1 Integration into Robotic Systems 

On request the MicroLumat Plus can be equipped with a robot 
access for easy and fast integration into robotic systems. This ro-
bot access has been tested and approved by the robot manufac-
turer Zymark, Idstein/Taunus, FRG. 
 
Besides connection to compressed air (see chapter 3-9) the Mi-
croLumat Plus has to be linked to the control unit of the robot sys-
tem and to a PC for data evaluation via the two RS232 serial 
ports. The MicroLumatPlus is connected to the control unit of the 
robot using the interface called “I/O-port”. Data are send to the 
PC by a terminal program (e.g. WinTerm) via the printer port. 
 
Instructions given by the robot control unit used to operate the 
MicroLumat Plus and status messages of the luminometer sent to 
the control unit are sent via the RS232 interface “I/O-port”. The 
instruction commands like “open door”, “run protocol 1” etc. are 
listed in the ROBOT-SUPPLEMENT. This gives all the intorma-
tion required for operating the MicroLumatPlus under robot con-
trol: a list of used ASCII commands with hexadecimal values and 
descriptions. The Robot-Supplement, attached to the manual, is 
specifically addressed to the technicians of the robot supplier who 
have to integrate the luminometer into the system.  
 
The second RS232 interface “printer” is used to send measure-
ment data to a PC. All data of a microplate measurement are 
stored into a single file and transferred to the PC. The header of 
the data files are marked with the plate identity taken from the ro-
bot system. This is a clear and effective assignment. 
 
 

 
10.2 Creating Protocols 

Protocols are defined as described in chapter 5 for 96-well plates 
and in chapter 8.1 for 384-well plates. 
 
 
 

10.3 Measurement 

Measurements are started by the robotic system (see chapter 
10.1). For information please consult the robot manufacturers 
handbook. 
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10.4 Stand Alone and Service Functions 

This chapter describes how to run the MicroLumat Plus robot ver-
sion without connection to a robot, i.e. stand-alone. The listed 
commands are also used for service functions. 
 
The stand-alone operation of the MicroLumat Plus robot version 
corresponds to the non-robotic version. PC-based operation (e.g. 
WinGlow) is not possible. 
 
Besides the standard functions described in this manual there are 
additional functions to run the automatic lid opening and mi-
croplate lifting. These functions are listed in the main menu, topic 
<SERVICE>.  
 
Compressed air is a prerequisite! However if the luminometer is 
not connected to compressed air, the lid can be opened/closed 
manually. 
 

ATTENTION The lid of the measuring chamber should not be opened dur-
ing a measurement run. The PMT could be irreparably dam-
aged!  Also movement of the micorplate could cause physi-
cal injury. 
 
 
Main Menu 

READY 
RESEND DATA     SERVICE             other 

 
 READY display (main menu) Choose <SERVICE> and press 

<enter>. (see chapter 4.2). 
 

RO1 

LIFT/DOOR                            
AUTO           MANUAL            ---- 

 
 Input of <AUTO> and <enter> automatically opens or closes the 

lid together with lifting and lowering the microplate. 
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 RO2 

AUTO OPERATION 
OPEN           CLOSE           CONTIUOSLY 

  
 Input of <OPEN> and <enter> opens the lid and lifts the mic-

roplate. The MicroLumatPlus remains in this position. 
 
 Input of <CLOSE> and <enter> lowers the microplate and closes 

the lid. The luminometer remains in this position. 
 
 Input of <CONTINUOSLY> and <enter> starts an endless functi-

on test. opening the lid, lifting the plate and closing the lid. Stop 
with <exit>. 

 
RO1 

LIFT/DOOR                            
AUTO           MANUAL            ---- 

 
 Press <MANUAL> and <enter> to divide the opening and lifting 

into single steps, that can be controlled manually. 
 

RO3 

----           CLOSED            ---- 
OPEN           CLOSE             other 

 
 In the display appears the status CLOSED; the lid of the measu-

ring chamber is closed.  
 

RO3 

OPEN           ----              ---- 
OPEN           CLOSE             other 

 
 By input of <OPEN> and <enter> the lid is opened. The status 

message OPEN appears in the display.  
 A new function can be activated by input of <other> and <en-

ter>.This menu is used for lifting and lowering the microplate. 
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RO4 

OPEN           ----              ---- 
UP             DOWN              other 

 
 Input of <UP> and <enter> lifts the microplate. The status UP 

appears in the display. 
 

RO4 

OPEN           ----                 UP 
UP             DOWN              other 

 
 Input of <DOWN> and <enter> returns the microplate. The status 

messages does not appear in the display, because this is the 
normal status. 

 
RO4 

OPEN           ----              ---- 
UP             DOWN              other 

 
 By input of <other> and <enter> returns the program to the 

OPEN display. the the CLOSED status, the microplate can not be 
lifted. 
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11. Service Routines 

11.1 Cleaning the Injector System 

Although the entire injector system uses materials that are resis-
tant to common reagents, we recommend cleaning the system 
every day. Observe the manufacturer’s instructions and take the 
necessary precautions when using chemical substances for 
cleaning. 
 
Please proceed as follows: 

1. Prime the reagent bottles with wash fluid. 

2. Make sure a waste bottle is connected to the outlet (rear panel 
of the MicroLumat Plus). 

3. Select the <REAGENT> menu (see Chapter 7.1). Then select 
<other> to get to the <WASH> function. 

4. First, define the injector tubings to be cleaned. Then define the 
number of injections, at least 30 for cleaning. You need about 
10 ml of wash fluid. 

5. The wash process starts as soon as you confirm the number 
of injections with <enter>. When this is over, the program re-
turns to the READY display. 

 
 
 

11.2 Air Filter 

Once a month, remove the air filter on the rear panel of instru-
ment and, depending on how dirty the filter is, either replace it, 
blow it out, or wash it. 
First, take off the protective cover from the air filter and then pull 
the frame from the fan housing. Then you can take out the filter 
mat. 
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11.3 Replacing the Injector Tips at the Counting Head 

The injector tips can be replaced if they are damaged or dirty. 
 
Please proceed as follows 

1. With the instrument closed, move the counting head to one of 
the first positions by starting a measurement in well H1 and 
switching off the instrument just when the drive noise indicates 
that the counting head has reached this position.  

2. With the instrument turned off, open the counting chamber 
door (see Figure 2-6). 

3. Unscrew the screw fittings of the hoses at the counting head 
completely. (A small wrench is included with the accessories.) 
Watch out for the sealing rings in the wells. 

4. Unscrew the counting head from the photomultiplier.  
 
 

Injector line

Screw cap of the supply line

Injector tip adapter

Injector tip

 

Figure 11-1: Injector tip holder in counting head  

 

5. Unscrew the adapters and replace the injector tips. Take care 
that the conical seals do not fall out! 
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6. Insert the seals again and screw the injector tip adapters to-
gether and then screw them into the threaded bore hole of the 
counting head by hand. Connect the supply tubings via the 
screw-type fitting. 

7. Check to make sure that the counting head sits properly in the 
guide piece and the guide rail. 

8. Close the counting chamber door and arrest it with the Phillips 
screw. 

9. Close the instrument and turn it on. Then the system performs 
an instrument test checking the home position of the plate tray 
and the counting head. 

 
 
 

11.4 Cleaning the Counting Chamber 

Excess liquid overflowing from the sample plate into the sample  
loading compartment or the counting chamber is not drained! 
Wipe it off immediately to rule out that the performance of the Mi-
croLumat Plus is deteriorating due to dirt particles accumulating 
in the instrument.  
 
To remove dirt under the hole mask, wrap a paper tissue around 
the microplate, insert it into the sample compartment and run a 
measurement without injections. Since the microplate and the top 
plate come into direct contact during measurement, the bottom of 
the top plate is wiped off. If necessary, repeat this step several 
times. 
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11.5 Replacing the Mains Fuse 

Pull the power cord before replacing any fuses! 
The mains fuses are located on the rear panel of the MicroLumat 
Plus. The fuse carrier and the mains connection socket are one 
unit. 
If the instrument does not show any reaction after power on, you 
should check the mains fuse and replace it, if necessary. 
 
 
 Fuse carrier Mains switch Mains plug 

 

Figure 11-2: Replacing the mains fuse 

 
 
Using a screw driver, push against the clip holder, pull out the 
fuse link from the right and then insert new fuses. 
Safety fuses:   
230 V:  1 Amp slow 
115 V: 2 Amp slow 
 
Use only these fuse values for replacement! The 1 Amp fuse 
must be IEC-approved. The 2 Amp fuse must be UL-listed 
(please observe respective labels). 
If the fuses are blown again after power on, it does not make 
sense to replace them again. In this case you should call our ser-
vice department. 
 
 
 



MicroLumat Plus Chapter 12: Technical Data 

12-1 

12. Technical Data 

Sample format: 96- and 384-welll standard microplate (not transparent) in com-
pact or strip-rack format; Dot-Blot membranes in microplate for-
mat with EG&G Berthold filter membrane counting adapter  

 
Detector: new ultra-fast photon counter with overload detection; spectral 

range 380 - 630 nm with a dark count rate of less than 250 cps at 
20°C ambient temperature 

 
Filter: Option to equip the instrument with color or gray filters. 
 
Sensitivity: higher than 20 attomol ATP 
 
Crosstalk: less than 3 x 10-5 
 
Dynamic range: more than 6 decades 
 
Injectors: up to 3 injectors with automatic control; 2 injectors in counting po-

sition, one in pre-counting position. The injection speed was 
adapted such as to ensure optimum and immediate reagent mix-
ing. 

 
Injection volumes: freely selectable between 25 and 300 µl for injectors P (pre-

injection) and M (counting position) and between 25 and 100 µl 
for injector Q (counting position); precision +/- 3 µl 

 
Temperature-controlled 
sample chamber optional; 3 heating zones, microprocessor-controlled;  
 control range: room temperature +5°C to 42°C in steps of 0.1oC 
 
Hardware: Microprocessors control all instrument components and data 

evaluation (battery-buffered) 
 
Software: Control of all basic counting and instrument functions for stand-

alone operation and for complete remote control via RS-232; dif-
ferent counting modes available 

 
PC-Software WinGlow software package  for data evaluation; calculation of 

mean with standard deviation, plot of measured values, smooth of 
kinetics curves, integration of kinetics data in each time interval 
etc. possible. Moreover, the data can be processed directly in 
other Windows programs, e.g. MS EXCEL. 
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Data export: Using a simple terminal program, data can be exported to 
spreadsheet programs, such as Excel, Lotus or Quattro Pro  

 
Counting time: 0.1 up to 5000 sec in steps of 0.1 sec in the counting modes 

INTEGRATE and KINETICS; 0.1 up to 5000 sec single data 
points repeatable up to 60 times within 277 hours in the 
REPEATED (long-germ kinetics) mode  

 
Delay between  
injections and measurement:  Delay between injection in counting position and measurement 

adjustable from 0 to 5000 sec; between injection before the 
counting position and further steps 1.6 to 5000 sec; each adjust-
able in steps of 0.1 sec  

 
Counting matrix: free selection of a coherent, square field of wells on the mi-

croplate for 1 to 96 samples with and start and end coordinates. 
 
Ports: 2 serial RS232 ports for printer and computer 
 
Waste disposal: automatic waste disposal 
 
Dimensions (mm): 600 mm x 290 mm x 502 mm (WxHxD)   
 
Weight: approx. 30 kg 
 
Mains voltage: 230 V  50 Hz, 115 V  60 Hz 
 
Power consumption: max. 181 VA 
 
Humidity: 10%-90% no condensation. 
 
Ambient temperature: 15°C - 30°C operation  
 0°C - 40°C storage temperature 
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Appendix A: Application Examples  
 
Appendix A describes some typical applications of the MicroLu-
mat Plus and illustrates the various options that can be pro-
grammed.  
In the first section of each chapter the chemistry of the application 
is discussed, in the second section the operating procedure to be 
run through by the user, from setting up a Counting Protocol to 
starting a measurement. 
 
The following applications will be discussed: 
 
A.1 Chemiluminescent immunoassays (CLIA) 
A.2 Cellular luminescence  
A.3 DNA-Probe assays 
A.4 Dioxetane based glow luminescence  
A.5 Free ATP 
A.6 Microbial ATP in the absence of somatic cells 
A.7 Microbial ATP in the presence of somatic cells 
A.8 Luciferase reporter gene assay 
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A.1 Chemiluminescent Immunoassays (CLIA) 
 

Introduction These assays usually involve reactions of acridinium compounds 
or luminol derivatives which produce luminescence. The chemis-
try of these reactions is normally characterized by fast kinetics (in 
seconds) and is often referred to as “flash” luminescence. 
 
Luminometers usually are operated with two injectors and typical 
injection volumes of 100 µl. The reagents for this reaction include 
the following substances: 
 

 
Label 

Reagent 1 
1st injection 

Reagent 2 
2nd injection 

Acridinium Ester  acidic H2O2 NaOH 

Luminol  Catalyst* H2O2 + NaOH 

 
*  The catalyst can be a variety of molecules from simple transi-
tion metals to macromolecules such as horseradish peroxidase. 
 
 
 

Procedure 1. Counting Protocol: INTEGRATE 
Define injector P and M as the active injectors. In most cases, a 
minimum delay of 1.6 s suffices between the injections. The 
counting time is typically 1 to 2 s. 
Since these measurements usually take place at ambient tem-
peratures, the TEMPERATURE parameter is set to 0.  
If necessary, the background measurement has to be activated. 
 
2.  Installation of Reagent Bottles  
Connect the bottle containing the first reagent to be injected to 
the injector labelled “P” and the bottle containing the second re-
agent to the injector labelled “M”.  
 
3.  Starting the Measurement  
When the injector system is primed with reagents, enter the  pa-
rameters for the following measurement: call the desired counting 
protocol and enter the well matrix to be measured. 
Press the <start> button. 
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A.2 Cellular Luminescence 
 

Introduction A basic example of cellular luminescence is the measurement of 
the phagocytosis activity of monocytes when examining the im-
mune systems in patient blood. Through chemical stimulation 
(e.g. opsonized zymosan) the cells of the immune systems are 
stimulated for phagocytosis, i.e. they start to “devour” the foreign 
particles. So-called oxygen radicals are produced during a time 
period of 15 minutes to 2 hours. To what extent and in which time 
period this production of oxygen radicals takes place are the crite-
ria which provide information about the immune system and pos-
sible inflammations, etc. 
 
The light generated by the production of oxygen radicals is often 
not sufficient to be measured directly. Therefore, a luminescence 
enhancer (e.g. luminol or lucigenin) is added to the sample, in-
creasing the light efficiency by a factor of more than 1000. The 
light emission measured at the photomultiplier (in rlu/s) corre-
sponds to the actual production of the oxygen radicals and its ki-
netics is measured over a time period of, say, 45 minutes.  
 
 

t

rlu/s

Stimulant (e.g. opsonized zymosan) 

Cells in luminol solution  
 

Figure A-1: Phagocytosis: the light emission after addition of the 
stimulant continues for 15 minutes up to 2 hours 
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Procedure  Quasi-parallel measurement in the REPEATED mode 
Once the isolated cells have been diluted to an adequate level 
and the luminol solution has been added, the stimulant (e.g. op-
sonized zymosan) is injected. The samples are not measured 
successively, but quasi-parallel. This means: each sample is 
briefly measured once per cycle. Each further cycle of the mi-
croplate yields another data point for each sample. The curve for 
each sample consists of the data points of the cycles. 
The number of cycles is defined in the counting protocol. This 
quasi-parallel measurement allows a high sample throughput in a 
short time. It is dependent upon the length of the measurement of 
the single samples and the entered total counting time (reason-
able maximum: length of the chemical reaction). The program 
calculates the number of cycles (= data points of the curve) from 
the entered total counting time, the counting time of one well and 
the number of wells. 

Operation under  
complete PC control For optimum assay performance the MicroLumat Plus typically 

operates under control of a PC. The EG&G BERTHOLD Windows 
PC program allows very flexible programming of the measure-
ment procedure, for example, free selection of the wells to be in-
jected and the time the injection takes place during the kinetics. In 
addition, the Windows software performs the entire data evalua-
tion. 
 

Operation in the  
stand-alone mode A phagocytosis measurement can also be run in the stand-alone 

mode of the LB 96 P. The actual measurement is set up as a 
<REPEATED> counting protocol and the data collected by an ex-
ternal PC via a terminal program. If you select the serial interface 
<PHAGO-SW> as data format, the data stored in an ASCII file 
can be imported into a spreadsheet program and printed out 
there as kinetics curves in a few simple steps. 
 

Procedure  1. Counting Protocol: REPEATED 
Chapter 5.4 describes how to set up a counting protocol in the 
REPEATED mode. Typically, one selects a measurement tem-
perature of 37° C. 
In most cases one works with one injector which injects the stimu-
lant shortly before the measurement. Still, another injector can be 
used, e.g. to inject a buffer for changing the pH value. 
 
2.  Starting the Measurement  
Prior to the actual start of the measurement it is advisable to pre-
heat the instrument to the selected assay temperature (see p. 2-
20). When the injector system is primed with reagents, activate 
the desired counting protocol. The measurement matrix need not 
be entered for the REPEATED protocol, since the measured area 
is already defined in the protocol. 
Press the <start> button. 
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A.3 DNA Probe Assays 
 

Introduction These assays involve the use of an acridinium ester or other lu-
minescent molecule labelled DNA or RNA probes. These labelled 
nucleic acid probes hybridize to specific RNA sequences of a par-
ticular organism (Chlamydia, for example) and thus detect their 
presence. 
 
The quantity of light emitted identifies the quantity of the specific 
sequences present and as a result, the presence or absence of 
the organism being tested for. The presence of the organism is 
determined by comparing light emission in patient samples to 
light emission values in known standards. These assays are usu-
ally performed using a kit supplied by a clinical reagent manufac-
turer.  
 
 

Procedure 1.  Counting Protocol: INTEGRATE 
Define injector P and M as the active injectors. In most cases, a 
minimum delay of 1.6 s suffices between the injections. The 
counting time is typically 1 to 2 s. 
Since these measurements usually take place at ambient tem-
peratures, the parameter TEMPERATURE is set to 0.  
If necessary, the background measurement has to be activated. 
 
2.  Installation of Reagent Bottles  
Connect the bottle containing the first reagent to be injected to 
the injector labelled “P” and the bottle containing the second re-
agent to the injector labelled “M”.  
 
3.  Starting the Measurement  
When the injector system is primed with reagents, enter the pa-
rameters for the following measurement: call the desired counting 
protocol and enter the well matrix to be measured. 
Press the <start> button. 
 
 



Appendix A: Application Examples MicroLumat Plus 

A-6 

A.4 Dioxetane Based Glow Luminescence 
 

Introduction Some immunoassays use alkaline phosphatase bound to Ag/Ab 
compounds or DNA hybrids as label. The concentration of the 
enzyme is determined by dephosphorization of certain 1.2-
dioxetane compounds, typically injected into the tubes 10 - 20 
minutes prior to the measurement. To keep the delay between 
the injection and the actual measurement for each sample con-
stant the reagent may be added in a preceding “pseudo” meas-
urement by the MicroLumat Plus. 
 
Due to the occasionally very high light emission it may be neces-
sary to provide your instrument with a neutral density filter 
(1:100), which can be ordered from EG&G BERTHOLD. For filter 
installation see chapter 2.9. 
 
 

Procedure 1.  Counting Protocols 
Define two counting protocols, the first working with injector M, 
the second without injectors (important: the counting time must be 
greater than 1.2 s!). Depending on the enzyme reaction, select 
the optimum temperature and in the second protocol a possible 
replicate calculation. 
 
2.  Starting the Measurement  
Start the enzyme reaction by running the first counting protocol 
with injector M (at the same time, start the stopwatch!). Reject the 
printed out measured data. When the incubation period (e.g. 20 
min) is over, start the second counting protocol. Each sample is 
now measured exactly with the same delay compared to the pre-
ceding injection. 
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A.5 Free ATP 
 

Introduction The visible “glowing” of the firefly Photinus Pyralis is based on the 
ATP-dependent oxidation of the substrate luciferin in the pres-
ence of the luciferase enzyme. By selecting a suitable starting 
concentration for the above mentioned reaction participants, this 
bioluminescence reaction can be used to measure an unknown 
ATP-concentration directly. 
The injection of luciferin/luciferase into the unknown ATP-solution 
triggers the chemical reaction and thus the light emission. Typi-
cally, it is measured over the first 10 to 30 seconds and yields an 
integral value determined over this time (RLU = Relative Light 
Units). 
 

RLU10 s

Injection of luciferin/luciferase

 

Figure A-2: Measurement of free ATP 

 
 

Procedure 1.  Counting Protocol: INTEGRATE 
Define injector M as the active injector, define the counting time 
and, if necessary, the replicates. 
Since these measurements usually take place at ambient tem-
peratures, the parameter TEMPERATURE is set to 0.  
If necessary, the background measurement has to be activated. 
 
2.  Installation of Reagent Bottles  
Connect the reagent bottle containing the trigger reagent to the 
injector labelled “M”.  
 
3.  Starting the Measurement  
When the injector system is primed with reagents, enter the pa-
rameters for the following measurement: call the desired counting 
protocol and enter the wells to be measured. 
Press the <start> button. 
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A.6 Microbial ATP without Somatic Cells 
 

1.  Introduction ATP which is an ubiquitous molecule in all microorganisms can 
be used for the indirect, semi-quantitative measurement of micro-
bial contaminations, for example in drinking water. 
Microbial ATP must first be released through injection of an ex-
traction reagent. Extraction time: about 5 to 10 seconds. After this 
extraction time, luciferin/luciferase is injected and the light emis-
sion measured. 

RLU10 s5 - 10 s

Extraction 
time for
microbial
cells

Injection of
extraction reagent for
microbial cells

Injection of
luciferin/luciferase

 

 Figure A-3: Measurement of microbial contamination via an 
ATP measurement 

 
Procedure 1.  Counting Protocol: INTEGRATE 

Define injector P and M as the active injectors, define the delay 
between the injections, the counting time and the replicates. 
Since these measurements usually take place at ambient tem-
peratures, the parameter TEMPERATURE is set to 0.  

Set the DELAY between injector M and P for example to 10 s. All 
other delays should be set to zero. A background measurement 
of 0.5 s should suffice for standard applications. 

2.  Installation of Reagent Bottles  
Prime injector P with the extraction reagent for microbial cells and 
injector M with the luciferin/luciferase reagent. First, prime the de-
tergent containing extraction agent, since this process may re-
quire more injections. 

3.  Starting the Measurement  
When the injector system is primed with reagents, enter the pa-
rameters for the following measurement: call the desired counting 
protocol and enter the wells to be measured. 
Press the <start> button. 
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A.7 ATP from Microbial Cells in the Presence of Somatic Cells 
 

Introduction The measurement of microbial contamination described in A.6 in 
foodstuffs (e.g. fruit juices) requires the preceding destruction of 
the “natural” ATP from somatic cells (e.g. fruit flesh). 
 

RLU10 s5 - 10 s15 - 45 min

Incubation time
for somatic
and free ATP

Extraction 
time for
microbial
cells

Injection of
extraction reagent for
somatic ATP and ATPase

Injection of
extraction reagent for
microbial cells

Injection of
luciferin/luciferase

 

Figure A-4: Measurement of samples containing contaminating 
micro-organisms in the presence of free/somatic 
ATP 

 
Three injections are required. First, a mild extraction reagent for 
somatic cells mixed with ATPase is injected. The time period for 
the degradation of somatic ATP, the so-called incubation time, is 
between 15 and 45 minutes . A second injection lyses the micro-
bial cells. Following an extraction time of 5 to 10 seconds (see 
A.6), luciferin/luciferase is injected and the light emission meas-
ured. 
 
 

Procedure The procedure is essentially the same as the measurement of 
microbial ATP in the absence of somatic cells described in chap-
ter A.6. The only (important) difference is the preceding injection 
of the ATPase-containing extraction reagent for somatic ATP. 
 
The following differences from the procedure described in section 
A.6 should be borne in mind: 
Since the MicroLumat Plus only includes two injectors, the extrac-
tion reagent must be injected before. An additional counting pro-
tocol has to be used defining only one injection per sample. After 
the required incubation time, the second counting protocol is then 
started as described in A.6. 
1.  Parameter protocol 1 for extraction reagent: INTEGRATE 
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Define injector P for the extraction reagent for somatic ATP for all 
samples. Enter the same counting time as in the second counting 
protocol. 
 
2.  Connect the reagent bottle to the injector labelled “P”.  
 
3.  Starting the Measurement  
When the injector system is primed with extraction reagents for 
somatic ATP, enter the parameters for the following measure-
ment: call the desired counting protocol and enter the wells which 
are to be injected. 
Press the <start> button and start the stopwatch! 
 
4.  Washing the injector used  
After the injection, the injector has to be cleaned thoroughly 
(menu REAGENT LOAD). 
 
5.  Parameter protocol 2: INTEGRATE 
Define the active injectors P and M, the delay between the injec-
tions, the counting time and the replicates. 
Since these measurements usually take place at ambient tem-
peratures, the parameter TEMPERATURE is set to 0.  
 
Set the DELAY between injector M and P for example to 10 s. All 
other delays should be set to zero. A background measurement 
of 0.5 s should suffice for standard applications. 
 
6.  Installation of Reagent Bottles  
Prime injector P with the extraction reagent for microbial cells and 
injector M with the luciferin/luciferase reagent. First, prime the de-
tergent containing extraction agent, since this process may re-
quire more injections. 
 
7.  Starting the Measurement  
At the end of the desired incubation time, enter the parameters 
for the following measurement: call the second counting protocol 
and enter the wells to be measured. 
Press the <start> button. 
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A.8 Luciferase Reporter Gene Assay 
 

Introduction In experiments examining gene regulation, DNA-constructs con-
sisting of the regulatory element to be examined and the coding 
region of the luciferase gene are transferred into the cells. After a 
certain time required for the expression of this fusion gene in the 
cells, the cells are harvested and the concentration of the synthe-
sized luciferase in the cell extract is determined. The enzyme-
dependent light emission represents a direct measure for the ac-
tivity of the examined gene regulatory elements. 
 

RLU10 s

Injection of luciferin/luciferase

Cell extract with luciferase and added ATP  

Figure A-5: The trigger reagent (luciferin) is injected into the 
cell extract containing ATP and the light emission 
measured over approx. 10 seconds. 
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Procedure 1.  Counting Protocol: INTEGRATE 
Define the active injector, the counting time and, if necessary, the 
replicates. 
Since these measurements usually take place at ambient tem-
peratures, the parameter TEMPERATURE is set to 0.  
If necessary, the background measurement has to be activated. 
 
2.  Installation of Reagent Bottles  
Connect the bottle containing the reagent to be injected either to 
the injector labelled “P” or “M”, as specified in the counting proto-
col.  
 
3.  Starting the Measurement  
When the injector system is primed with reagents, enter the pa-
rameters for the following measurement: call the desired counting 
protocol and enter the wells to be measured. 
Press the <start> button. 
 
 
 

Note The recently introduced reporter gene assays for β-
galactosidase, glucuronidase or secreted alkaline phosphatase 
can all be measured on the MicroLumat Plus. Enter the delays 
between the injections and/or the measurement as described in 
various published methods or according to the kit manufacturer’s 
instructions. If longer incubation times are needed, as for exam-
ple with the β-galactosidase assay, we recommend using two 
counting protocols, as described in sections A.4 and A.7. 
 
 
 
 
 
 



 

 

Appendix B: Index 
 
 

A 
Acridinium ester 1-1 
Air filter 11-1 
Alkaline phosphatase 1-2 
Ambient temperature 12-2 
ATP measurement 1-2 

B 
Background 1-2 
Background measurement 5-8, 5-13 
Background signal 5-1, 5-11 

C 
Cellular luminescence 1-2, 1-3, 5-11, 9-5 
Computer connection 3-6, 9-1 
Computer port 2-4 
Conventions 4-3 
Counting chamber 2-5, 2-8, 3-3 

Cleaning 11-3 
Heating 2-15 

Counting chamber door 2-1 
Counting head 2-8, 2-10, 2-15, 2-20, 3-3 

Design 2-11 
Home position 2-12 
Movements 2-13 
Replacing injector tips 2-14 
Servicing 2-13 

Counting head guide 2-12 
Counting matrix 12-2 
Counting mode 1-3 

INTEGRATE 5-5, 6-8 
KINETICS 5-6, 6-11 
REPEATED 5-11, 6-12 
Selection 5-3 

Counting modes 5-1 
Counting protocol 

Printout 7-5 
Counting protocols 5-1 
Counting time 12-2 
Crosstalk 1-1, 1-4, 2-13, 12-1 

D 
Data export 12-2 
Data format 9-4 
Delay between injections and measurement 12-2 
Delay times 2-17 
Detection system 1-2 
Dimensions 12-2 
Dioxetane 1-1, 1-2 
DIRECTORY 4-2 
Display 2-1, 2-2, 2-3 
Disposal pump 2-18 
Dynamic range 12-1 

F 
Fan 2-4, 2-22, 11-1 
Filter membrane adapter 2-22 
Flash-type kinetics 1-1 
Function keys 4-1 
Fuses 2-4 

G 
Glow luminescence 1-2 
Guide piece 2-9, 2-13, 2-14 
Guide rail 2-9, 2-14, 2-20 

H 
Hardware 12-1 
Heating element 2-15 
Humidity 12-2 

I 
Immunoassays 1-2 
Injection system 1-3 
Injection volume 2-17, 7-1, 12-1 
Injections before counting position 2-10 
Injections in counting position 2-10 
Injector pumps 2-17 
Injector system 

Cleaning 11-1 
Injector tips 2-14 
Injector Tips 



 

 

Replacing 11-2 
Injector volume 1-3 
Injectors 1-3, 2-17, 12-1 
Instrument parameters 3-9, 3-10, 4-3 
Instrument Setup 3-1 

K 
KEL/F screw fitting 3-3 
Keyboard 2-1, 2-2, 4-1 

L 
LBIS SW format 9-7 
Light barrier 2-7 
Light filter 2-21 
Light filter installation 2-21 
Light guide 2-10, 2-18, 6-1 
Luminol labels 1-1 

M 
Main menu 3-9, 4-1, 6-5 
Main menu functions 4-2 
Mains connection 3-4 
Mains fuse 11-4 
Mains supply 2-4, 3-2 
Mains switch 2-4, 3-5 
Mains voltage 12-2 
Manual Unload 7-4 
Measurement 

General Procedure 6-4 
No injection 6-1 
One injection 6-1 
Optimized Procedure 6-1 
Start 6-5 
Two injections 6-3 

MEASUREMENT 4-2 
Microplates 

Black 1-4 
White 1-4 

O 
Operating components 2-1 
Output format 3-12, 9-2 

P 
Peroxidase 1-2 

PHAGO SW format 9-5 
Phagocytosis 1-2 
Photomultiplier 2-8, 2-12, 2-21, 11-2 
Power consumption 12-2 
Prime Function 7-1 

Automatic 7-1 
Refresh reagent 7-2 

Printer connection 3-4 
Printer port 2-4 
PROTOCOLS 4-2 

R 
RAW DATA protocol 5-1 
REAGENT 4-3 
Reagent bottle 2-1, 3-3 
Reagent bottles connection 3-3 
REAGENT function 7-1 
Replicates 1-3, 5-5, 5-9 
Report printout 

INTEGRATE 6-8, 6-9, 6-10 
KINETICS 6-11 
REPEATED 6-12 

RESEND DATA 4-3 
RS232 interface 3-13, 9-2 
RS232 port 12-2 

S 
Safety instructions I, 3-2 
Sample chamber heating 1-4, 2-20, 3-14 
Sample format 1-4, 12-1 
Sample loading compartment 2-1, 2-5, 2-7 
Sample tray 2-6, 2-15, 2-20 
Selftest 3-5 
Sensitivity 1-1, 1-2, 12-1 
SET TEMP 4-3 
SET TEMP menu 3-14 
SETUP 4-3 
SETUP Menu 3-9 
Softkey functions 2-2 
Softkey-guided dialog 1-5 
Softkeys 2-3, 4-1 
Software 4-1, 12-1 
Special functions 7-1 
Spreadsheet format 9-4 



 

A-III 

T 
Tansfer parameters 9-1 
Temperature setting 3-14, 4-3 
Temperature-controlled sample chamber 12-1 
Transport safety device 2-8, 2-9, 3-1, 3-3 

U 
Unpacking 3-1 

W 
Wash Function 7-2 
Waste disposal 12-2 
Waste outlet 2-4, 3-4, 11-1 
Weight 12-2 
WinGlow 1-5, 2-4, 3-12, 12-1 

 


